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Mortality in Feedyard Cattle 
 

Daniel U. Thomson, Ph.D., D.V.M. 
Kansas State University, Manhattan 

 
Introduction 

 
 Evidence based medicine is a balancing act between data and experience (Apley 
and Thomson, 2003).  Decision making with just experience and no data has been termed 
“wizardry.”  This would be similar as saying we used drug A last year and they all died.  
This year we used drug B and they all lived.  Great!  Scientists and statisticians need not 
apply to work in this environment.  The friendly drug representative that sells drug B is the 
expert.  Paralyzed indecision is using only data with no experience to make decisions.  
This is the art of trying to fix problems from a computer print out or database without 
knowing how to get to the production unit.  This article will use some data integrated with 
practice experience to explain why our mortality rates in feedyards has increased over the 
last few years.   
 

Death loss Trends 
 

Loneragan (2004) wrote a great paper focusing on the death loss trends over the last 
5 years.  Loneragan was able to show how death loss has increased using two databases: 1) 
USDA NAHMS Sentinel program and 2) Benchmark Performance program (Vetlife).  The 
USDA Sentinel program has shown that from 1994 to 2003 there has been an average 
increase in overall death loss by 69% (6% per year) and increase in death due to respiratory 
disease by 119% (9% per year) in all cattle on feed.   

 
The average arrival weight for a pen a cattle is a strong predictor of mortality.  

Lighter cattle generally have higher death loss than the same source of cattle at heavier 
arrival weights.  The Benchmark data showed that cattle that had an arrival weight between 
700 and 899 pound have not increased much in death loss from 1998 to 2003.  However, 
the increase in death loss in lighter weight groups (400 to 599 pound) has significantly 
gone up over the 5 year period.   

 
Usually, the lighter the cattle, the more days we have to feed them until slaughter.  

We can feed twice as many 150 day cattle as we can 300 day cattle.  This is compounded 
by the fact that we would expect less than half the death loss in the heavier cattle than the 
lighter, longer day cattle.  So, twice the number with half or quarter the death loss makes 
more sense why death loss is going up.  Loneragan’s data sets did not look at geographical 
region where the calves originated or where the cattle were fed, both which could have 
changed from year to year.   

 
Another confounder in these types of data bases is the cattle type.  A 400 pound 

calf can come from different geographical regions and have a different physiological 
status.  Northern calves (sale barn or ranch fresh), Southeastern sale barn cattle, 
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Oklahoma/Texas sale barn cattle, Mexican cattle and cattle of dairy origin will all have 
different expectations at different times of the year at a similar weight regardless of sex.  

 
Record keeping and databases today in the feedyard industry are basically used to 

make sure you aren’t worse than the neighbors.  Very rarely, do people use the data 
correctly to improve their operations.  We just want everyone to understand that we are not 
as bad as the closeouts look because 2.8 million cattle in a database were similar.  Who is 
submitting the data?  Who is mining the data? These are two very important questions.  It 
seems that there are feeding corporations and larger facilities that share their data to 
baseline against the rest of the industry.  Therefore, their operations are the baseline and if 
their buying habits change, it looks like the whole industry is getting worse.   This can be 
seen with Loneragan’s data (2003).  The overall death loss difference between USDA and 
Benchmark are as follows: 1998, 1.25 vs. 1.19; 1999, 1.41 vs. 1.35; 2000, 1.60 vs. 1.48; 
2001, 1.78 vs. 1.50; 2002, 1.65 vs. 1.38; 2003, 1.75 vs. 1.46; USDA vs. Benchmark, 
respectively.   Granted, these numbers are calculated somewhat differently. However, 
different yards are probably contributing to different databases.  

 
Another problem with death loss data is that we have yet to define what is normal.  

Anderson (2003) reported that from 53,101 steers, 46,757 heifers and 8,801 head of mixed 
cattle the closed out death loss from Jan. 1, 1999 to June 30, 2002 was 1.23, 1.40 and 
2.16%, respectively.  He also stated that 35.4% of the pens had 0 %, 18.8% had 2 % or 
greater, 3.8 % had 5% or greater and .6% of the pens had 10% or greater death loss.   
Ninety percent of my problems in practice came from 10% of the cattle. 

 
Another breach in database information is gonadal status of the animal.  Male 

calves entering the feedyard may be classified steers.  This is more common in lighter 
weight cattle that heavier weight cattle on arrival.  Bull calves that are castrated after they 
arrive experience 140% more respiratory morbidity than their pen mates that were steers 
that were castrated before arrival (Renfro et al., 2004).  Mortality and realizer rates were 
also significantly higher in bulls relative to steers (140% and 163%; mortality and 
realizers, respectively).  Should bulls be classified differently in our databases? 

 
It is not uncommon to have 20% of the heifers on arrival pregnant.  Some of the 

higher risk cattle will have even higher pregnancy rates.  My experience is that 10% of the 
bred cattle will be further than 120 days gestation.  Needless to say, pregnancy in the 
feedyard is not good for the performance or health of the heifer.  Heifer mortality rates 
have gone up do to the fact that cow slaughter facilities and emergency kill facilities will 
not take down animals anymore.  Therefore fewer animals are railed and more are 
euthanized.  This is probably best for our industry and the cows.    

 
The databases we use today are good for historical data.  However, we need to 

change the way we interpret the data to make decisions.  Wheeler (1999) describes 
managing a business by looking at monthly or quarterly reports is like trying to drive a car 
by looking out the rearview mirror.  Statistical process control and understanding the 
variation around a mean is very important in understanding what is normal.  At Cactus 
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Feeders, we looked a death loss in closed out lots of heifers with an arrival weight between 
400 and 499 pounds from one order buying station in the Southeast.  We found that the 
average death loss is around 4 percent.  This has not changed from 1999 to 2004.  The 
upper critical control limit around this mean is 10 percent death loss.  What this means is 
that until this type of animal has a death loss above 10 percent, it is not considered an 
abnormal event.  If it is above 10% death loss, then we need to investigate why.   

 
We all remember outliers (3 standard deviations from the mean) from graduate 

school.  When you look at the statistical process control, all we are doing is diagnosing 
outliers.  This could be applied across all types of production parameters for the feedyard.  
Wheeler states that to change the outcome we must: 1) change the process; 2) distort the 
process or 3) distort the data. 

 
Death loss data can be confounded with realizer rates.  Basically, there are three 

types of cattle that are railed out of the feedyards: 1) non-performing, clinically normal 
cattle that are not cleared of antibiotics, 2) non-performing, clinically normal cattle that are 
cleared of antibiotics and 3) moribund cattle that are railed to decrease the death loss 
number in the feedyard.  In my experience as a practitioner, cattle that treated three times 
for respiratory disease generally have the following outcomes: 1) 40% finish normally with 
the pen, 2) 30% are realized and 3) 30% die.  The industry needs to start counting realizers 
and dead cattle in the same category as animals lost out of the production cycle.   
 

Cattle Flow 
 

Cattle types and cattle feeder business structure impacts what type of cattle are 
brought to the feedyard.  Smaller Midwest feedyards are trying to hit niche markets.  The 
natural beef feedyards are seeing an increase in death loss because they don’t want to but 
the antibiotics into the animals until it is too late.  There will be new preventative medicine 
strategies as we move to more customized product for tomorrow’s consumer.    

 
Custom cattle feeding is a prominent supply of fed cattle.  Many custom cattle 

feeders are very good about preparing their animals or procuring animals that are ready for 
the finishing phase.  The retained ownership type of custom cattle feeder probably has the 
lowest death loss of all the cattle in the feedyards today.  However, there are some custom 
cattle feeders that are still in the business because they are artists at buying the lowest 
priced animals, getting them financed above what they paid for them and then blaming the 
feedyard personnel for letting them die and get a feed credit.  However, the feedyard keeps 
full and the only people that suffer are the ones that have to tend to the cattle everyday.  
Ironically, they are the ones that get fired and cursed.  I sure wish cattle could talk.   

 
Lastly, large feeding companies have been increasing the number of high risk, 

auction market cattle that they have been feeding.  They have to keep head counts up.  The 
margins on feeding cattle continue to shrink along with the number of cattle that are 
available to buy.  Basically, the market drives the buy.  If the feeder calf market drops, the 
greed meter runs in the red line and we flood the yards with calves.  The more high risk 
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cattle we have in the feedyard, the higher risk your low risk cattle become.  Therefore, all 
classes of cattle increase in death loss. 

 
 What is the first question that should be asked in the face of a BRD outbreak?  We 
ask, “Is it a morbidity problem or a case fatality rate problem?”  A producer had a 1% 
death last year and this year he is in the middle of a 5% death loss wreck.  He wants to 
change drugs, veterinarians or both.  Last year we pulled 10% and this year we pulled 50% 
of the cattle.  Our case fatality rate is 10% for both years.  Therefore we can educate the 
producer that the death loss is increased due to morbidity instead of using the wrong drugs.  
The drugs worked the same this year as they did last year.  Why the increased morbidity?  
We then need to evaluate source of cattle, viral antigens, weather, people, prior nutrition, 
transportation, evenness of the cattle, etc.  The bottom line is that if we are going to 
properly analyze death loss, the least we could do is capture the morbidity data. 
 
 Cattle don’t die directly after treatment for BRD.  We would like to think that the 
cattle dying in the hospitals were treated the last few days.  However, Fulton (2003) 
reported the average interval between day of first treatment and death (TDI) for all cases 
was 30 days (Range = 0 to 161 days).  The average number of days on feed at time of 
death (DOD) for all BRD cases was 60 days (Range = 2 -199 days).   
 

These data lead us to a point about why feedyards get in over their head with high 
risk cattle.  We start out each fall with the misconception that we will make management 
and drug changes that will dramatically decrease death loss in the high risk calves.  The 
first thirty days on feed we are treating the sick cattle.  Remember the cattle don’t die until 
60 days on feed.  Until then, we feel as though we have figured out how to stomp out 
disease and pestilence.  The manager then decides that we need to procure more of these 
cattle until the death loss starts coming.  At sixty days on feed the first group of calves is 
starting to accumulate death loss.  By this time the feedyard is saturated with high risk 
cattle and they are going to die a high rate for 60 to 90 more days.  The manager shuts off 
the buy and everything gets better by about Christmas.  In the mean time, we changed 
drugs about thirty to sixty days into the wreck and the “new” veterinarian rode the 
epidemiological curve to glory.     
 

Diagnostics 
 

 My father was a bovine practitioner.  He said, “It’s easier to sell a vaccine for a few 
thousand dollars, than a diagnosis for a few dollars.”  How true it is.  We do a very poor 
job of diagnosing death loss in feedyards.  Yes, most feedyards necropsy their dead cattle.  
However, do we really understand the etiology of the respiratory disease by gross 
pathology alone? 
 
 Transitional diseases are diseases that occur or start in one production unit and 
travel with the calf to the next production unit.  Transitional diseases may cause different 
clinical symptoms in different physiological status animals.  Bovine Viral Diarrhea is one 
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transitional disease that causes abortions at the cow/calf level and can be crippling to the 
immune status of the feedyard steer. 
 
 Bovine viral diarrhea virus (BVD) is an enveloped, single stranded RNA pestivirus.  
BVD is closely related to Hog cholera in swine and Border disease in sheep.  There are two 
genotypes (Type I and II) and two biotypes (cytopathic and noncytopathic).  BVD 
infections cause abortions in beef cattle during the first four months of gestation.  Calves 
can be born normally but be persistently infected with BVD if they are exposed in utero 
before the immune system is established in the fetus.  If BVD is in the fetus before the 
immune system is started, the calf simply recognizes BVD virus as self.  These calves then 
shed BVD out of all secretions in their body and have BVD virus in all cells.  BVD can 
also cause congenital defects and has been associated with weak calf syndrome. 
 
 Calves persistently infected (PI) with BVD have been shown to increase morbidity 
in feeder cattle.  Grooms et al. (2002) showed that cattle exposed to PI calves while being 
shipped from Alabama to Michigan had nearly double the pull rates relative to cattle not 
exposed to PI calves during the long haul.  Loneragan et al. (2005) showed that the 
prevalence of PI cattle at time of arrival in a commercial feedyard is .30%.  They found 
that the prevalence of PI cattle is 2.6 and 2.5% in chronically ill and dead feedyard cattle.  
The presence of one PI calf in a pen of cattle increased the morbidity due to respiratory 
disease by 43%.  This increase in pull rates was seen in the pen that housed the PI calf, but 
also in the pens adjacent to the PI calf’s pen.  BVD virus is only one example of a disease 
that goes undetected in feedyard mortalities and morbidities.  We are conducting studies 
today to examine the effects of Corona virus, Leptospirosis, Anaplasmosis, Johne’s and 
numerous other subclinical, yet immunosuppressive diseases.  
 

Iatrogenic diseases are diseases that are manmade.  Maybe the diseases or clinical 
syndromes aren’t manmade, but the environment in which we put the animals in creates a 
problem.  Salmonella is a disease that comes to mind.  Hancock et al. (1999) found that 
numerous cattle in an 18,000 head feeding facility were being diagnosed with Salmonella 
species.  Firstly, the only cattle on the feedyard being diagnosed with Salmonella had spent 
time in the hospital.  Secondly, there was a strong correlation with the prevalence of 
Salmonella isolation and duration spent in the hospital.  They found that removing cattle 
promptly after they were recovered and proper sanitation decreased the prevalence of 
Salmonella in this feedyard to nearly zero.  Again, when we overwhelm the system, 
hospital crews wind up processing sick cattle instead of getting proper a diagnosis and 
administering the proper treatments. 
 

Feedyard Staffing 
 

 Today it is becoming harder and harder to find people who are not only willing but 
also able to work with cattle.  Agriculture in general, which includes the feedyard industry, 
is losing people to higher or similar paying jobs with better hours and working conditions.  
Fewer young people are working with animals as they grow up.  Therefore, we find it 
harder to hire quality labor to ride pens, doctor cattle and process cattle.   
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 Brink and Thoren (2001) conducted a study to determine if feedyard staffing had an 
impact on death loss in 700 to 800 pound steers.  Their results were staggering.  They 
found that 81% of the variation in death loss across all firms was explained by the number 
of pen riders, processors and doctors per 10,000 head.  The high death loss/low employee 
firms had roughly half as many pen riders, processors and doctors per 10,000 head as did 
the low death loss/high employee firms (2.0 to 2.4 vs. 4.0 to 4.5, respectively).  The death 
loss for the difference between these yards was double (1.0 % vs. .50%; high death 
loss/low employee firms vs. low death loss/high employee firms, respectively).   
 
 How should pen riding be evaluated?  In the past we had numerous people that 
could ride pens and understand morbidity in feedyard cattle.  Today it is difficult to hire 
and retain the services of quality cattle people.  So, do we evaluate them on death loss, pen 
death loss, case fatality rates of pulls, time of day that they are getting done, number of 
cattle ridden, risk status of population that they are riding?  Sometimes it is all of the 
above. 
 
 Swingle and Thomson (2003) graded lung scores at slaughter of 1690 head of 
South Dakota origin calves. We scored lungs by the following criteria:  
 

None – no visible lesions 
Moderate – scars, fibrin tags, consolidation, etc. 
Severe – part of lung missing due to severe adhesions 

 
Twenty six percent of the cattle on the trial were pulled for treatment of respiratory 
disease.  Of these cattle pulled for respiratory disease, 62% of the cattle had lung lesions.  
A little under half (57%) of the cattle with lung lesions had severe lung lesions.  
Remember 74% of the cattle in the study were never pulled for respiratory disease.  Of 
these, 43% of the cattle had lung lesions and a third of these cattle had severe lung lesions.  
Eighty seven head of cattle that never had lung lesions were treated.  Today, it is easy to 
spend as much as $16 treating a 600 lb. calf for respiratory disease.  Basically, $1,400 was 
spent on antimicrobials in cattle that never had respiratory disease.  Conversely, 527 head 
of cattle that had lung lesions were never treated.  Of those, 172 head of cattle had severe 
lung lesions.  What else do lung lesions cost the cattle feeder?  Cattle with severe lung 
lesions were 53 lb. lighter than cattle with no lung lesions at the time of slaughter.  Their 
carcasses were 34 lb. lighter relative to cattle with no lung lesions.  How much money 
would be left on the table today? 
 

Animal Welfare 
 

 The beef industry has done a great job of addressing animal welfare.  However, we 
are missing the mark on the true issues surrounding animal welfare.  Phillips (1988) shares 
the definition of animal welfare as it pertains to cattle.  He describes welfare as the ability 
of the animal to cope with its external and internal environment.  As we pass from good to 
bad welfare for cattle, we go from equilibrium to physiological imbalance to injury and 
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disease to death.  Death is the biggest breach in animal welfare.  This makes way too much 
sense.  We may have 10% death loss but we don’t use hot shots. 
 
 Therefore, the industry should be starting with what reduces death loss.  The big 
ticket items should be addressed first.  Cattle need to be properly prepared for transition 
through the marketing channels.  We need to adjust the marketing channels to decrease the 
amount of abuse and death loss in cattle.  Preventative medicine and preconditioning are 
animal welfare.  Transitional diseases must be eradicated out of the cow herds.   
 

Animal welfare and auditing programs will occur in the swine and poultry 
industries because they are used to corporate documentation and they are vertically 
integrated.  Feedyards will undergo auditing because you can hit 50,000 head of cattle in a 
2 hour audit.  Try figuring out how we will audit the cow/calf operations that all the 
feedyard cattle came from.  If it isn’t easy to audit, it won’t get audited.  Sale barns, order 
buyer stations and trucking lines should all be audited down the road.  The problem won’t 
be the audits, the problem will be enforcement.  
 

Summary 
 

 The cattle feeding industry is at a crossroads.  Feeding high risk cattle is exactly 
opposite of the efficiencies we have improved upon in the feedyard.  The decrease in a 
quality labor force flies in the face of having sick, high risk cattle in our facilities.  It is 
now that we have to change the way we buy and sell cattle to match the efficiencies and 
deficiencies we have created at the yard level.  We can’t have our cake and eat it too. 
 

Our databases are incomplete.  We have placed almost every production parameter 
we can think of on a yard sheet.  The animal health section of a yard sheet usually has:  
head in hospital, percent dead, percent realized and medicine costs.  We need to track 
morbidity and the timing of the events.  Individual animal identification will be the start of 
disease eradication at the cow herd level.  It will also bring important changes to the way 
we buy and sell cattle.  As far as death loss goes, there are many animal health products on 
the market. But, I don’t know one of them that has a mortality claim.  How could they?  
What we do everyday impacts the health of the cattle in the feedyard.  Good animal 
husbandry doesn’t come in a bottle.  Our consumers of beef are depending on us to bring 
them a quality product. 
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A New Look at Reducing Infectious Disease in Feedlot Cattle 
 

Bob L. Larson, DVM, PhD 
University of Missouri, Columbia 

 
Introduction 

 
 Bovine respiratory disease complex (BRD) is the primary infectious disease 
affecting feedlot cattle. Despite the investment of substantial financial and intellectual 
resources, the risk of death and monetary loss due to BRD has not decreased significantly 
(Vogel and Parrot, 1994; Edwards, 1996; Lonegran et al., 2001).  I readily admit that I do 
not know why abatement of BRD is elusive, but I investigated the question by first posing 
it to a number of experts from the fields of veterinary epidemiology, internal medicine, 
pharmacology, genetics, pathology, and private feedlot practice. Our collective 
perspectives reveal a number of potential obstacles to progress against BRD. 
 

Obstacles to Decrease Feedlot Morbidity Due to BRD 
 

 If we assume that overall morbidity due to BRD in U.S. feedlots is not decreasing 
despite efforts to produce more effective vaccines and immunization programs, then 
several possibilities should be considered. Either vaccination with available products does 
not produce immunity in feedlot cattle, the immunity produced is not protective, or while 
improving the animals’ immune response to infectious pathogens, other factors that 
contribute to BRD are increased.  
 
Do BRD vaccines work? 
 To begin the discussion of vaccines, I want to explain my understanding of the 
difference between the terms “vaccine efficacy” and “vaccine effectiveness”. I use the term 
efficacy to mean that in a certain setting, vaccinated animals have measurable differences 
from non-vaccinated animals. These differences may be laboratory findings such as titer 
level, tests for cell mediated immunity, haptoglobin level, and so on. Challenge studies 
may demonstrate vaccine efficacy via clinical differences such as decreased percent lung 
damaged, decreased morbidity percent, or decreased mortality percent, but the setting and 
exposure are not natural – i.e. using a nebulizer to dose IBR into the nose of calves 
previously treated with dexamethasone to mimic stress and housed in 10-head pens. In 
contrast, I use the term vaccine effectiveness to mean that in common production settings, 
vaccinated animals have clinically and economically important differences from non-
vaccinated animals (i.e. ADG, morbidity percentage, case-fatality ratios, etc.). You may be 
surprised to learn that the USDA approval process for vaccine and bacterin labels requires 
proof of safety as well as efficacy in challenge studies but does not require evidence of 
field effectiveness (USDA, 2005). 

 
In 1997, Drs. Perino and Hunsaker reviewed the literature for evidence of BRD 

vaccine clinical effectiveness in U.S. feedlots and reported that relatively few (22) field 
studies without major experimental design flaws were available (Perino and Hunsaker, 
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1997). They reported that infectious bovine rhinotracheitis virus (IBRV) vaccine efficacy 
studies were equivocal to slightly positive in that results were positive or neutral, but none 
were negative (Perino and Hunsaker, 1997). There were no reliable reports of field trials 
for bovine viral diarrhea virus (BVDV) and parinfluenza virus (PI3) vaccines in feedlot 
cattle, nor were there reports of vaccine field trials for coronavirus, chlamydia, adenovirus, 
and calicivirus germane to North American beef cattle production (Perino and Hunsaker, 
1997). Ten of fourteen bovine respiratory syncytial virus (BRSV) field trials were neutral, 
and four reported benefits when the vaccine was administered to calves(Perino and 
Hunsaker, 1997). One-half (5/10) of the field trials for modern Mannheimia haemolytica 
(Pasteurella haemolytica) vaccines reported positive outcomes while one-half reported 
neutral outcomes when the vaccines were used at or prior to feedlot arrival(Perino and 
Hunsaker, 1997). Of three field trials investigating a Haemophilus somnus bacterin, one 
trial reported a positive outcome, one reported a neutral outcome, and one reported a 
negative outcome (Perino and Hunsaker, 1997). 

 
The assumed role of vaccines to decrease the biologic and economic cost of BRD is 

largely based on logical extrapolation from challenge studies, rather than controlled field 
trials (Perino and Hunsaker, 1997). While important for providing supportive evidence for 
field efficacy, laboratory experiments do not provide as high a level of evidence as do field 
trials. I think the reason that efficacious BRD vaccines are not necessarily clinically 
effective is that BRD is a multifactorial disease with important pathogen, environmental, 
and animal factors. In a disease complex with many interrelated contributing factors, 
changing one factor alone is not likely to have a substantial impact on outcome. 
 
Multifactorial nature of BRD 

Single infectious agents are seldom if ever able to cause BRD without contributing 
factors from other infectious agents and/or the cattle’s environment. Therefore, to develop 
control plans for BRD, veterinarians must consider pathogen, environment, and animal 
factors (Figure 1). The difficulty in implementing many of the components of a sound 
BRD control program is that these components commonly are at odds with well-
established feedlot management practices. 

 
Pathogen factors - All of the bacterial pathogens considered important in BRD can 

be isolated from the upper respiratory tract of healthy cattle and are readily identified in the 
nasopharynx of some animals in most populations (Callan and Garry, 2002). The viral 
pathogens associated with BRD are also ubiquitous; however, commingling cattle from 
multiple sources may increase exposure to antigenically heterogeneous (novel) pathogens. 
Emerging or suddenly more virulent pathogens are extremely rare. Almost all disease is 
the result of a change in the pathogen-environment-animal interaction (higher pathogen 
dose, poorer immune response, greater stress, etc.) or the introduction of a stable, but novel 
(to that population) pathogen, rather than by the introduction or emergence of a more 
infectious or more virulent strain of virus or bacteria.  
 

Environmental factors - A cattle population’s environment includes housing type, 
animal density, air quality, weather effects, mud, dust, footing, and health antagonists such 



as parasite burden, and social stress. These environmental factors influence the innate 
immunity of a herd by their impact on immunosuppression. In addition, a herd’s 
environment also dictates the “animal flow” or contact and mixing patterns of potentially 
infectious and susceptible animals. 

 
Figure 1. The cause of BRD in feedlot cattle is multifactorial and involves pathogen, 
animal, and environmental factors. 
 

Pathogen 
Factors 
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Transmission of respiratory pathogens occurs by close nose-to-nose contact, 
environmental exposure, and airborne exposure. Nose-to-nose contact increases when 
animal density increases and the number of unique contacts increases as group size 
increases. Environmental exposure to BRD pathogens occurs at areas of common oral or 
nasal contact such as feed bunks and water troughs. Environmental survival time for most 
viral respiratory pathogens is only a few minutes to several hours (Donaldson, 1978; Start, 
1999). Survival times for bacterial pathogens may be longer depending on the 
environmental conditions and the organism. Airborne transmission is dependent on 
numerous factors including ambient temperature, relative humidity, airborne particle (dust) 
density, ventilation, prevailing wind, and structural or geographic obstructions (Start, 
1999). Airborne transmission of typical viral respiratory pathogens can occur over 
distances as far as 4 meters and possibly further (Mars et al., 1999; Mars et al., 2000). 

 

Assembling groups of feeder calves often involves mixing cattle from several 
different origins over several days and then shipping them in close contact. These 
management practices increase the risk of BRD because of increased exposure to BRD 

Host 
Factors 

Environmental 
Factors 

Management  
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pathogens (including novel pathogens) and induced stress which reduces disease 
resistance.  

 
Group size animal contact pattern are important environmental factors because sub-

clinically infected and clinically ill cattle support growing pathogen populations and tend 
to secrete far larger numbers of pathogens than to which they were exposed. Therefore, 
larger animal populations and populations with continuous flow contact patterns can allow 
greater amplification of pathogen numbers than smaller populations and populations with 
all-in/all-out contact patterns.  

 
A control strategy that has received little research attention is the effect of group 

size independent of animal density (sq. ft. per animal) on contagious BRD pathogen 
transmission. By dividing animals into smaller groups, the number of susceptible animals 
exposed to an animal shedding a contagious pathogen is lowered and the disease dynamics 
are altered (Figure 2). Determining the size of cattle groups and number of days small 
group size needs to be maintained to capture the optimum health advantage will strongly 
influences the feasibility of this management strategy in feedlots. If later commingling of 
small arrival groups into larger feeding pens merely delays the onset of BRD without 
affecting morbidity and mortality, this strategy will not prove to be beneficial. Segregation 
of arrival groups will likely require physical barriers (solid fence or road) to avoid fence 
line contact, individual pen water troughs, and possibly windbreaks to block airborne 
spread. As far as I am aware, testing such management and facility options for cost-
effectiveness has not been done.  

 
Animal factors - When causative pathogens are endemic in a population (as is the 

case with BRD) and individual susceptibility is dependent on numerous interrelated 
factors, the management of animal risk factors may be more important for disease 
prevention than biosecurity practices such as limiting animal contact with the pathogen 
(Callan and Garry, 2002). The two primary animal factors that affect protection of cattle 
herds from infectious disease are specific and innate immunity. Specific immunity relates 
to an immune response directed at a specific infectious agent that the animal has been 
exposed to in the past, either via natural infection or vaccination. Innate immunity is 
strongly influenced by the overall health of the animal. Nutritional status such as adequate 
energy, protein, vitamins, and minerals impacts an animal’s overall health and immune 
status. Stress due to crowding, inclement weather, unsanitary housing, or concurrent 
disease can cause varying levels of immune suppression. Age affects the immune response, 
and it is possible that a shift to a younger average age at arrival may express itself as 
reduced innate and/or specific immunity for feedlot cattle.  

 
 In populations of animals, the number of immunologically protected individuals 
(either due to specific or innate immunity) determines the number of individuals the 
pathogen is able to infect and the speed of spread through a population. Individual animal 
shedding of respiratory pathogens is quite variable and depends on the pathogen, the time 
course of the disease, the clinical severity, and the immune response of the host. In general, 
clinically ill animals shed greater numbers of pathogens than healthy or asymptomatic 



animals; however, cattle periodically shed both viral and bacterial respiratory pathogens 
without evidence of disease. 
 
Figure 2. Example of the effect of changing group size on the timing and number of new 

infections. 
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Animals in population 150
% Immune 15.0%
Susceptible animals, S 127.5
Infected animals, C 1
Immune animals, I 22.5
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By changing the percentage of animals in a herd that are immune to a pathogen, the 
time to peak number of infections following introduction and the percentage of the 
population that becomes infected will change (Figure 3). Given the length of the latent and 
infectious periods (pathogen factors) and the probability for effective contact (animal, 
environmental, and virulence factors) used in the example in Figure 3, changing the 
percentage of the population that are immune to the pathogen from 30% to 50% changes 
the peak period of infection from day 15 following introduction to day 5 and decreases the 
percentage of infected cattle from about 55% to less than 5%. 

 
Another animal factor that is beginning to be addressed is the possibility that 

genetic contributors to cattle health are being inadvertently selected against as we select for 
increased rate of weight gain. Cattle health is not measured under current progeny testing 
methods, and because heritability of most health traits is low (<10%), more progeny are 
needed for accurate evaluations of health traits than other production traits. So although 
genetic contributors to health may be changing, or could be manipulated for a health 
advantage, large databases with both parentage and health information or gene mapping 
technologies will have to be utilized to test these possibilities. 
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Focusing BRD prevention strategies on immune enhancement through the use of 
commercially available vaccines has not produced strikingly positive results. I believe that 
the primary obstacle to significant disease reduction with use of vaccines alone is the 
multifactorial nature of the risk factors for BRD and the multifactorial nature of the 
immune response to BRD. By choosing to continue feedlot management practices that do 
not decrease (and in fact increase) the risk due to many pathogen, environment, and animal 
factors, BRD will continue to cause significant biologic and economic loss to U.S. 
feedlots. 

 
Figure 3. Example of the effect of changing the percentage of animals in a herd that have 

specific immunity to a particular pathogen on the timing and number of new 
infections. 
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Animals in population 300
% Immune 50.0%
Susceptible animals, S 150
Infected animals, C 10
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Probability of effective contact (p) 5.00%
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Obstacles to Improvement of the Effectiveness of BRD Treatments 
 

I did not find any clinical trials that report the case fatality risk (CFR) of different 
BRD treatment regimens. I have received anecdotal opinions that CFR is not significantly 
improved using modern antimicrobial regimens compared with regimens available more 
than 15 years ago. If CFR has not significantly improved, then several possibilities should 
be considered. 
 
Specific and sensitive diagnostic aids for identifying BRD cattle are lacking 
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Diagnostic tools to correctly identify cattle that have bacterial pneumonia and that 
would benefit from antimicrobial therapy are not available. Gardner et al. (1999) reported 
that 37% of cattle that had clinical signs consistent with BRD and that were treated with 
appropriate antimicrobial therapy during the feedlot phase of production had lung lesions 
at slaughter (Gardner et al., 1999). In comparison, 29% of cattle not identified with clinical 
signs of BRD had lung lesions (Gardner et al., 1999). This apparent lack of strong 
association between clinical signs of BRD and lung lesions has been reported by others 
(Wittum et al., 1996; Buhman et al., 2000). The lack of lung lesions in cattle diagnosed by 
clinical signs and treated for BRD could be explained by several scenarios: upper 
respiratory tract disease or transient lower respiratory tract disease that does not result in 
lung pathology, full recovery from lower respiratory tract disease with complete resolution 
of lung lesions, or incorrect clinical assessment for the presence of BRD. In contrast, the 
presence of lesions at slaughter in the lungs of cattle not diagnosed with BRD could be due 
to respiratory tract disease that was not accompanied by clinical signs of BRD, chronic 
lung damage that occurred due to a BRD event prior to the time period of the investigation, 
or incorrect clinical assessment for the absence of BRD. Not all feedlot calves infected 
with known respiratory tract pathogens, as evidenced by seroconversion during finishing, 
are identified as having clinical signs of BRD (Martin and Bohac, 1986). It is not known if 
these subclinical infections could result in visible lung damage at slaughter.  

 
Because current diagnostic criteria (visual appraisal and presence of fever) are not 

sensitive or specific for BRD, a fairly high percentage of animals treated do not appear to 
be at risk of dying from BRD. This creates difficultly when using comparisons of CFR (# 
BRD deaths ÷ # BRD treated) to detect differences in antimicrobial effectiveness because 
the denominator is artificially inflated.  
 
Animal and environmental factors involved with response to therapy may have 
regressed 

If genetic or environmental factors are associated with increased BRD morbidity, 
they could also be associated with poor response to antimicrobial treatment. It is logical 
that factors that increase the risk of BRD also decrease the ability of the immune system to 
clear infectious pathogens even with the aid of efficacious antimicrobial treatments.   
 
Modern antimicrobials decrease meat quality concerns and labor requirements 

While efficacy, as measured by the ability to penetrate diseased tissue and kill BRD 
pathogens, has undoubtedly been a goal in the development of new antimicrobials, other 
goals have also been important. Modern antimicrobials have been developed to decrease 
negative effects on meat quality as well as for longer activity and shorter withdrawal times 
compared to previously available products. Treatment regimens using long-acting 
antimicrobials reduce the number of times an animal is treated, thereby reducing labor 
costs and cattle handling. This longer activity may have trade-offs in efficacy when 
compared to more frequent dosing or longer duration regimens.  
 
Modern antimicrobials may be more efficacious, but lack an improved clinical 
response 
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It is possible that even though in vitro and experimental challenge models support 
more rapid killing or killing a larger percentage of BRD pathogens, lung damage or 
clinical outcome is not significantly affected.  
 
Modern antimicrobials may be more efficacious, but higher cost clouds the 
cost:benefit 

Antimicrobial regimen cost using modern products is much higher than when using 
products that have been available for many years. Product characteristics may account for 
some of the difference as does the fact than several commonly used antimicrobials are still 
under patent and generic competitors are not available.  Determining the actual cost:benefit 
when comparing two BRD treatment regimens is strongly influenced by the differences in 
case fatality risk and re-treatment proportion (Larson and Pierce, 2001). Other variables 
that do not relate to treatment efficacy but are important for selection of a BRD treatment 
regimen are sale price and cost-of-gain. If two BRD treatment regimens differ in case 
fatality risk and re-treatment proportion, the dollars available to move to the more effective 
treatment is greater when sale price is high or cost-of-gain is low. Surprisingly to many 
people, purchase price of the cattle (pen profitability) and the percentage of cattle with 
BRD are not important considerations when selecting the most cost effective BRD 
treatment (Larson and Pierce, 2001).  

 
Management Changes That Should Be Investigated for Their Cost-effectiveness 

 
Modern feedlot management practices have evolved in response to economic and 

biologic pressures. As these pressures change, new management practices to decrease the 
effects of BRD may become advantageous. Field trials to test the cost effectiveness of new 
practices will be needed. Some potential management practices to be investigated include: 
utilizing smaller pen size (i.e. single truck load lots) during the arrival/acclamation phase 
and isolation off the premise or semi-isolation at the edge of the feedyard during the 
arrival/ acclamation phase. Testing whether arrival pens should be located off the premise 
or on the edge of the feedlot (either up-wind or down-wind) to improve arrival and overall 
health would be an interesting study. Other management practices that would reduce the 
cost of BRD and that could be implemented under the right economic pressures include 
reduced commingling of animals, improved animal transportation and feedlot receiving 
practices, improved ventilation and reduced crowding in some situations, reduced animal 
stress, and improved nutrition (Callan and Garry, 2002). 

 

Technology may provide genetic, vaccine, and diagnostic tools that reduce the risk 
of BRD. It may be advantageous in the future for gene or progeny testing to identify bulls 
whose progeny have either higher or lower than average health risk. Vaccines that prevent 
the establishment of latent IBR infections or prevent the recrudescence of latent IBR 
infections could reduce the negative effects of an important viral BRD pathogen. 
Diagnostic tests for persistently infected BVD cattle could become faster (chute-side) and 
less expensive, allowing the rapid adoption of this practice to remove a known BRD 
pathogen reservoir. 

Summary 
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Bovine respiratory disease complex is likely to remain the primary infectious 

disease affecting feedlot cattle. New technologies may provide some decrease in the cost of 
BRD, but at this time, we are still investigating whether the biologic and economic losses 
due to BRD are sufficient to force management changes. If the current reality changes, it is 
likely that BRD control can be enhanced by the integration of several management changes 
that affect a combination of pathogen, environment, and animal factors.  
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Introduction 
 
 Historically, considerable efforts have been made to understand how nutrition 
impacts health and productivity during the postnatal period. While maternal nutrition 
during pregnancy plays an essential role in proper fetal and placental development, less is 
known about how maternal nutrition impacts the health and productivity of the offspring. 
Indeed, the prenatal growth trajectory is sensitive to the direct and indirect effects of 
maternal dietary intake from the earliest stages of embryonic life when the nutrient 
requirements for conceptus growth are negligible (Robinson et al., 1977).  Not only is 
neonatal health compromised, but the subsequent health may be “programmed” as 
offspring from undernourished dams have been shown to exhibit poor growth and 
productivity and also to develop significant diseases later in life (Barker et al., 1993; 
Godfrey and Barker, 2000).  

  
Fetal programming, defined as the concept that a maternal stimulus or insult at a 

critical period in fetal development has long term impacts on the offspring, was originally 
coined by Dr. David Barker, at Southampton University in England (Barker et al., 1993; 
Godfrey and Barker, 2000).  Barker and his colleagues studied birth records in the United 
Kingdom and Europe, and related different maternal stresses to infant weight and physical 
characteristics at birth and to subsequent health status in later life. Of interest was that they 
determined that maternal undernutrition in the first half of gestation, followed by adequate 
nutrition from mid-gestation to term, resulted in infants of normal birth weight, which were 
proportionally longer and thinner than normal. This early fetal undernutrition resulted in an 
increased incidence of health problems experienced by these individuals as adults, 
including obesity, diabetes, and cardiovascular disease. In applied livestock production 
settings, undernutrition can often occur during gestation, particularly during the first two 
trimesters. This results from either low feed reserves and(or) management practices that 
result in cows losing weight during late fall and early winter (Sletmoen-Olsen et al., 
2000a,b). However, current data indicate that health and growth of offspring born from 
undernourished mothers are diminished (Godfrey and Barker, 2000; Vonnahme et al., 
2003).  This theory of fetal programming has been experimentally challenged and verified 
using several animal models. While variations in the duration and severity of maternal 
undernutrition do not always result in a reduced birth weight, physiologic alterations such 
as glucose intolerance, skewed growth patterns and even alterations in carcass 
characteristics have reported. Therefore, birth weight in and of itself may not be the best 
predictor for calf survival and productivity. 
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The objective of this paper is to review the literature on bovine fetal and placental 
development and how maternal nutrition impacts fetal, neonatal and postnatal health of the 
offspring. While this work will concentrate on beef cattle, examples from other species 
will be added when appropriate.  

 
Fetal and Placental Development 

 
 The bovine embryo enters the uterus 4 days after ovulation. The critical period of 
maternal recognition of pregnancy occurs between days 15-18 after ovulation, followed by 
the initial stages of early placentation. In the cow, the placenta attaches to discrete sites on 
the uterine wall called caruncles.  These caruncles are aglandular proliferations of 
connective tissue which appear as knobs along the uterine luminal surface.  These 
caruncles are arranged in two dorsal and two ventral rows throughout the length of the 
uterine horns. The placental membranes attach at these sites via chorionic villi in areas 
called cotyledons. By day 120 of gestation, the placental vasculature can be seen radiating 
out from the umbilicus to the individual cotyledons.  The caruncular-cotyledonary unit is 
called a placentome and is the functional area of physiological exchanges between cow and 
calf.  In association with the formation of the placentome, the caruncular area is 
progressively vascularized to meet the increasing demands of the conceptus. 
Approximately day 120 of gestation is a transitional period in caruncular vascularization, 
which sets the stage for subsequent increases in nutrient transfer required to support the 
rapidly growing fetus (Ford, 1995; Reynolds and Redmer, 1995). It is clear that the 
placenta plays a fundamental role in providing for the metabolic demands of the fetus; 
thus, although placental growth slows during the last half of gestation, placental function 
increases dramatically to support the exponential rate of fetal growth (Metcalfe et al., 
1988; Ferrell, 1989; Reynolds and Redmer, 1995).  For example, in sheep and cattle, 
uterine blood flow increases approximately three- to four-fold from mid- to late gestation 
(Rosenfeld et al., 1974; Reynolds et al., 1986; Reynolds and Redmer, 1995). 

 
Establishment of a functional fetal/placental vascular system is one of the earliest 

requirements during conceptus development (Reynolds and Redmer, 1995). However, in 
order for the conceptus to effectively draw nutrients from the maternal system, the uterine 
vasculature must be properly developed. In cows, preferential vascularity of the caruncles 
begins around day 90 of gestation, with a marked increase in both blood flow and vascular 
density by day 120 of gestation (Ford, 1995). The establishment of the vascular 
architecture is essential if the maternal side is to support the exponentially growing fetus 
during the last trimester of gestation (Reynolds and Redmer, 2001). Any detrimental 
effects of maternal nutrition during this critical establishment of the maternal-fetal vascular 
systems would impact the ability of the fetus to acquire the proper amount of nutrients and 
oxygen.  All of the respiratory gases, nutrients, and wastes that are exchanged between the 
maternal and fetal systems are transported via the uteroplacenta (Reynolds and Redmer, 
1995, 2001). Thus, it is not surprising that fetal growth restriction in a number of 
experimental paradigms is highly correlated with reduced uteroplacental growth and 
development (Reynolds and Redmer, 1995, 2001).  Establishment of functional fetal and 
uteroplacental circulations is one of the earliest events during embryonic/placental 
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development (Patten, 1964; Ramsey, 1982).  It has been shown that the large increase in 
transplacental exchange, which supports the exponential increase in fetal growth during the 
last half of gestation (Eley et al., 1978; Prior and Laster, 1979), depends primarily on the 
dramatic growth of the uteroplacental vascular beds during the first half of pregnancy 
(Meschia, 1983; Reynolds and Redmer, 1995).  
  

Fetal organogenesis is occurring simultaneously as placental development. In the 
beef cow fetus, as early as 21-22 days post-ovulation, the heart beat is apparent. Limb 
development occurs as early as day 25 of pregnancy followed by a sequential development 
of other organs, including the pancreas, liver, adrenals, lungs, thyroid, spleen, brain, 
thymus, and kidneys (Hubbert et al., 1972) By day 45, testicles of male calves are being 
developed, followed shortly thereafter by ovarian development occurring by day 50-60 of 
gestation. As the growth trajectories for these tissues vary, each tissue is susceptible to 
suboptimal conditions (i.e. maternal undernutrition) at different time periods. 
 

Nutritional Impacts on the Fetus 
 

Undernutrition of the pregnant cow during the initial stages of fetal development 
may appear to be unimportant because of the limited nutrient requirements of the fetus for 
growth and development during the first half of gestation. This is accentuated by the fact 
that 75% of the growth of the ruminant fetus, for example, occurs during the last two 
months of gestation (Robinson et al., 1977). However, it is during this early phase of fetal 
development that maximal placental growth, differentiation and vascularization occurs, as 
well as fetal organogenesis, all of which are critical events for normal conceptus 
development.  
  

Recently, Vonnahme et al. (2004) reported that multiparous beef cows bred to the 
same bull and carrying female fetuses to either meet NRC requirements to gain weight 
(average = + 4.25% body weight) from d 30 to d 125 of gestation had fetuses which were 
heavier than cows fed below NRC to lose weight (average = - 6.8% body weight). Upon 
realimentation, fetuses in both groups were similar in weight near term. Previous studies in 
the sheep (Whorwood et al., 2001) and human (Ravelli et al., 1988; Barker et al., 1993; 
Godfrey et al., 1996) have demonstrated that an extended period of maternal nutrient 
restriction during the first half of gestation results in relatively normal birth weights, but 
leads to increases in the length and thinness of the neonate. The clinical significance of 
epidemiological data of the fetal programming lies in the associations between transient 
reductions in maternal nutrition during early gestation, and the risk of abnormalities in 
skeletal muscle function, mineralization of bone, liver cholesterol metabolism, insulin 
secretion, renal development and obesity (Godfrey and Barker, 2000; Rhind et al., 2001).  
Unfortunately, at present, little is known about the specific nutrient induced changes in 
fetal programming events resulting in the observed permanent alterations in adult structure, 
physiology and metabolism in the bovine.  

 
Specifically, feeding pregnant rats a low-protein diet results in lifelong elevations 

in blood pressure in the offspring (Langley and Jackson, 1994). A documented response of 



 22

the fetus to early chronic undernutrition is significantly increased blood pressure 
(Murotsuki et al., 1997). Increases in fetal blood pressure are known to result in alterations 
in lung vascular remodeling in association with the previously mentioned myocardial 
hypertrophy in the rat (Fabris and Pato, 2001). Fabris and Pato (2001) speculated that lung 
growth in late gestation is adversely affected by pulmonary hypertension.   The pulmonary 
circulation develops concomitantly with distal lung air space growth during late gestation 
and early postnatal life (deMello et al., 1991). Wohrley et al., (1995) demonstrated that 
hypoxic conditions selectively induce the proliferation of smooth muscle cells associated 
with the pulmonary arteries in neonatal calves with pulmonary hypertension.  The precise 
relationship between alveolar and vascular development during fetal and early postnatal 
life and the mechanisms that coordinate lung vascular growth and alveolarization are 
uncertain.  However, the angiogenic factor, vascular endothelial growth factor (VEGF), 
produced from airway epithelial cells, play a major role in vascular growth development 
during fetal life (Zeng et al., 1998).  These findings suggest that mechanisms may exist 
linking lung vascular development with alveolar growth, further suggesting that disruption 
of normal vascularization may contribute to altered alveolarization, and thus lung function. 
Bovine respiratory diseases make up the majority of illness and death loss in the feedlot 
segment. Historically, 15-45% of feedlot cattle have been affected with bovine respiratory 
disease (BRD), with 1-5% of total cattle placed on feed, dying of BRD (Kelly and Janzen, 
1986). Respiratory disease alone accounts for 44.1% of deaths in beef feedlot cattle (Vogel 
and Parrott, 1994). It is possible that gestational nutrient restriction could increase 
susceptibility of cattle to respiratory disease during later life, i.e. in the feedlot. 
  

Rats whose mothers had been fed a diet with a low ratio of protein to energy during 
pregnancy also showed permanently altered glucose production and utilization and 
associated insulin secretion (Desai et al., 1995).  More specifically, Fowden and Hill 
(2001) have demonstrated in rodents that changes in the intra-uterine nutritional 
environment cause alterations in the structure and function of the pancreatic islets. Altered 
pancreatic islets have life-long effects and predispose the animal to glucose intolerance and 
diabetes.  Intra-uterine programming of the endocrine pancreas in ruminant species is less 
well established at present.  While relative insulin resistance of the adult ruminant 
compared to other species make it difficult to establish whether fetal changes in islet 
development have long term consequences, Murphy et al. (2000) report that small changes 
in nutrient metabolism (determined via response to a glucose challenge) were sufficient to 
influence milk production in the dairy cow.  

 
Carcass quality and rate of gain in the feedlot may also be programmed in utero. 

Recently, Greenwood et al. (2004) demonstrated that steers from cows which were 
nutritionally restricted during gestation had lower live and carcass weights compared to 
steers from adequately fed cows at 30 months of age. Interestingly, retail yield on the 
carcasses, based on indices of fatness, were greater in the steers from nutritionally 
restricted cows, indicating that while growth may be hindered in offspring from cows 
receiving low nutrition during pregnancy, ability to accumulate fat is not.  
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Most early work investigating the effects of maternal nutrition in the cow studied 
the latter part of pregnancy.  Since most fetal growth occurs in the latter part of gestation, 
researchers hypothesized that the effects of variation in nutrient intake would have greater 
effects than in early pregnancy.  Many studies report the effects of protein and energy 
deficiency on birth weight of the calf (see review by Holland and Odde, 1991).  While both 
energy and protein intake during the last half of gestation may alter birth weight, the 
effects are variable and relatively small.  The effects of energy variation on birth weight 
are generally greater than for protein variation. 
  

Birth weight is an economically important trait because it accounts for more of the 
variation in calving difficulty than any other trait.  Calving difficulty or dystocia is a 
significant risk factor for neonatal mortality.  Bellows (1984) summarized calf losses at the 
Fort Keogh Livestock and Range Station, Miles City, Montana.  He reported that of all calf 
losses, 68% occurred within three days of birth, and of these, 61% were due to dystocia.  
Birth weight and pelvic area have been shown to account for approximately 50% of the 
variation in calving difficulty in two-year-old beef heifers (Abernathy, 1986).  Birth weight 
accounted for 35% of the variation and pelvic area accounted for 15% of the variation, 
indicating that birth weight is considerably more important than pelvic area.  

Cow nutrition precalving has also been shown to affect calf survival.  Corah et al. 
(1975) reported that pregnant cows fed 70% of their calculated energy requirements during 
the last 90 days of gestation produced calves with increased morbidity and mortality rates.  
Research conducted at Colorado State University (see review by Odde, 1988) investigated 
the relationship between precalving nutrition and disease susceptibility in the neonatal calf.  
First-calf heifers produce calves that have lower levels of serum immunoglobulins at 24 
hours of age than calves born to three-year-old and older cows.  This occurs even though 
colostral immunoglobulin levels are similar for these two age groups.  The increased 
disease susceptibility observed in calves born to first-calf heifers is likely due to lower 
volumes of colostrum produced by first-calf heifers, although decreased calf vigor as a 
result of dystocia may also contribute.  Calves born to thin (<5 body condition score) two-
year-old heifers are less vigorous and have reduced serum immunoglobulin levels at 24 
hours of age. 

Heat production of the neonate is an important factor in survivability, particularly 
for calves born in cold environments.  First-calf heifers that were restricted in either 
protein (Carstens et al., 1987) or energy (Ridder et al., 1991) had reduced ability to 
produce heat soon after birth.  This likely results in calves that are more susceptible to cold 
stress. 

Morbidity in neonatal calves not only increases the risk of mortality, it also results 
in reduced performance.  Wittum et al. (1994) reported that general morbidity during the 
neonatal period resulted in a 15.6 kg reduction weaning weight.  Respiratory conditions 
and diarrhea during the neonatal period resulted in 16.5 kg and 10.7 kg reductions in 
weaning weight, respectively. 
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Are there long-term health and productivity consequences of impaired maternal 
nutrition in cattle?  Given the evidence in other mammalian species, it seems likely that 
these relationships exist.  However, at this time, there is little direct evidence for these 
relationships. 
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Introduction 

 
 Animal health and well-being have become increasingly important issues for 
animal producers and consumers. Animal diseases causing morbidity and mortality 
significantly decrease profitability of animal production. Antibiotics that were once widely 
used to prevent or treat animal diseases are now administered more judiciously because of 
consumer fears of residual drugs in meat products and discovery of microbial resistance to 
commonly used antibiotics.  Because no new class of antibiotics has been developed in the 
past three decades, the continued use of antibiotics may become more limited. Also, there 
has been an emergence of previously unknown pathogens such as BSE (Binder et al., 
1999) and emergence of infectious diseases in domestic livestock related to climatic 
changes, increases of intensive production systems, and transmission of diseases between 
livestock and wildlife (Daszak et al., 2000). Animal well being has become a significant 
concern among consumers who expect food animals to be well treated, raised in idyllic 
environments, and free of disease.  Consumers also expect their meat products to be free of 
residual antibiotics and therapeutic drugs.   
 
 For these reasons, new approaches or alternatives to addressing animal diseases are 
needed.  One solution is genetic selection for animals resistant to disease.  It has been well 
established that rarely will all animals in a population when exposed to an infectious 
disease exhibit clinical symptoms. Breed differences for disease related traits has been 
documented in many different species (pinkeye incidence in cattle, Snowder et al., 2005a; 
bovine respiratory disease (BRD) incidence in cattle, Muggli-Cockett et al., 1992; 
Snowder et al., 2005b; Bordetella bronchiseptica infection in swine, Rothschild et al., 
1984; immune response in chickens, Zekarias et al., 2002). However, it is difficult to 
determine why some animals become sick while others remain healthy. Animal health is 
greatly influenced by many factors including genetics, nutrition, age, stress, management 
system, season, pathogen dosage, immunological background, epidemiology, animal 
biological status, and many other variables. Most commonly these factors interact, thus 
confounding our ability to understand the mechanisms of disease resistance.   
 

Challenges of Selecting for Disease Resistance 
 

 Identifying the phenotype for disease resistance is difficult.  It is a false assumption 
that in a population of sick and healthy animals all healthy animals are disease resistant. 
Some animals that are genetically predisposed to disease may not have been sufficiently 
exposed to the disease organism. Animals that appear healthy may have sub-clinical 
infections and are potential sources of pathogen transmission. Often the clinical expression 
of a disease can be confounded with a similar disease; for example pneumonia can be 
confused with bronchitis, emphysema, pleuritis, pulmonary adenomatosis, upper 
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respiratory infection, and pleural fibrosis. Accurate disease diagnosis is costly and time 
consuming.  The success of selection for disease resistance is dependent on correctly 
identifying the phenotype for disease resistance. 
 
 Selection for disease resistance is much more complicated than selecting for 
production traits which can be measured directly or indirectly on each animal.  In regards 
to selecting for disease resistance in livestock, it may not be ethical or cost efficient to 
challenge each animal with a pathogen to determine its level of disease resistance. 
(Alternatives to this selection approach will be discussed later.) Before breeding schemes 
for disease resistance can be developed consideration of many different scientific areas 
such as microbiology, epidemiology, immunology, host-pathogen interaction, host biology, 
livestock production systems, etc., must be understood.  For example, selection for animals 
resistant to a particular pathogen may result in indirect selection for a more virulent 
pathogen.  Or, development of highly resistant animals to one specific pathogen may make 
them more susceptible to another pathogen.  Keeping the host’s defense system in 
homeostasis may be difficult. 
 
 Justification for including disease resistance in breeding programs can be 
challenging to establish.  Most importantly, the economical cost of the disease must be 
sufficiently high to rationalize selecting for resistance.  Certainly, if consumers shun a 
product because of its potential health threat from antibiotic residual or non-treatable 
communicable diseases (i.e. BSE) then selection may be favorable. If antibiotics and other 
drugs have become inefficient because of microbial resistance, selection for disease 
resistance may be logical.  Genetic selection for disease resistance may be useful against 
diseases for which neither vaccines nor therapeutics has been found. Selection may also be 
of interest for diseases due to a variety of pathogens infecting the host in a similar manner 
or pathway. Organic meat production systems that can not use vaccines or therapeutics 
may also find it economically important to select for disease resistance. 
 
 However, selection for disease resistance may be unfavorable for animal 
production.  If genetic correlations between disease resistance and production traits such as 
growth or feed efficiency are undesirable then selection for disease resistance will decrease 
production. There is sufficient evidence that such negative genetic correlations do exist.  
Milk yield in dairy cattle has a positive correlation with many disease traits (Simianer et 
al., 1991; van Dorp et al., 1998). Selection for growth rate in turkeys increased their 
susceptibility to Newcastle disease (Sacco et al., 1994). In beef cattle, the genetic 
correlations of disease resistance with growth and feed efficiency traits are unknown.  If 
these genetic correlations are unfavorable, then a selection index for total merit may be 
feasible to maintain production levels while selecting for disease resistance.  
 
 The objective of this review is to briefly summarize the genetics of disease 
resistance and to offer a broad understanding as to whether it is feasible to select for 
disease resistance or not.  
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Understanding the Immune System 
 

 Knowledge of the mode of disease infection and host response is essential to 
comprehend the complexity of selecting for disease resistance.  A simplistic explanation is 
given here. First, the pathogen must be present in the host’s environment.  The pathogen 
must penetrate host cell barriers in sufficient numbers, attack target cells and replicate.  
Subclinical or clinical expression of the disease is dependent on the pathogen’s virulence 
and the interaction between pathogen and host characteristics. 
 
 The host has three immune defenses against infection: natural, innate, and acquired 
immunity.  To maintain its health all three must be present and functioning. 
  
 Natural immunity is the first barrier and is comprised of skin, hair, mucous 
membranes, secretions (tears, urine, stomach, saliva, mucous, skin secretions, etc.), 
grooming behavior (licking, dust rolling, tail swishing, etc.) and favorable microorganisms 
that compete directly or indirectly against pathogens.  There are also nutritional 
components to natural immunity.  Dehydration and malnutrition can decrease natural 
secretions making some tissue more susceptible to infection.  Vitamin and mineral 
deficiencies result in suppressed immune systems. Genetic components to natural 
immunity are being identified as well.  For example, some pigs are fully resistant to 
bacteria-induced diarrhea (E. coli) because they lack an intestinal cell receptor for the 
bacteria to attach (Gibbons et al., 1977).  Fly infestation of livestock can be affected by 
hair/wool length, skin secretions, and hide thickness. 
 
 Innate and acquired immunity are co-dependent and form a complex network of 
cells and tissues that interact to detect and attack pathogens or associated antigens.  The 
innate immunity refers to the immune system one is born with and is the initial response by 
the body to eliminate microbes and prevent infection. It commonly involves white blood 
cells (natural killer cells, neutrophils, eosinophils, monocytes, and macrophages), 
complement proteins (C1 - C4) that adhere to pathogens, and cytokines (interferons and 
chemokines) that attract immune cells to the site of infection. The innate immune system 
constantly searches for antigens (bacteria, fungi, and viruses).  When an antigen is 
discovered, the innate system can attack it or illicit inflammation to attract immune cells.  
The innate system is not specific to any one type of pathogen and has no memory of 
previous exposure to a pathogen or antigen. Breed differences in the innate immune system 
have been reported.  A higher haemolytic complement activity in Bos indicus breeds was 
associated with their higher resistance to tick infestation and subsequent tick borne 
diseases when compared to bos taurus breeds (Wambura et al., 1998). 
 
 The acquired immunity system is developed from previous exposure to pathogens 
or vaccines and can recognize pathogens previously exposed to.  Acquired immunity is 
antigen specific. There are two types of acquired immunity: the cell-mediated immunity 
comprises of immune cells that directly attack pathogen infected cells, and the humoral 
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immunity which is made up of antibodies (specific immune proteins) directed at specific 
pathogens.  The acquired immune system is comprised of T and B cells, which are 
specialized white blood cells.  The T cells destroy pathogen-infected cells.  The B cells 
develop into specific antibody-producing cells.   
 
 Acquired immunity occurs in two forms: passive and active.  Passive or maternal 
immunity is passed from the cow to the calf via colostrum containing high levels of 
antibodies.  Passive immunity is temporary.  Disease resistance of very young calves is 
highly dependent on passive immunity.  This type of protection is short lived because soon 
after birth the calf’s developing intestinal tract loses its ability to absorb large proteins such 
as immunoglobulins (antibodies), and the cow’s production of colostrum decreases as 
lactation progresses.  Half of the colostrum antibodies absorbed by the calf will be 
excreted, broken down, or absorbed at 8 to 16 days postpartum and most will be gone by 
30 to 60 days postpartum (Besser et al., 1988).  Therefore, it is important that the calf’s 
own immune system (active immune system) develops at an early age to produce cell-
mediated immunity and antibodies in response to antigens and vaccines.  
 

Genetic Selection for Disease Resistance 
 

 From a genetic perspective, understanding the natural, innate, and acquired immune 
systems is crucial in developing selection programs for disease resistance.  For example, if 
the breeding goal is to reduce bacterial diarrhea in young calves, then selection traits might 
include the dam’s genetic potential for producing specific colostrum antibodies (passive 
immunity) and the calf’s genetic potential for developing an innate and acquired immune 
system early in life that responds to the diarrhea causing pathogen.  There may be further 
problems because negative genetic correlations between the dam and calf resistance to 
some diseases exist (BRD, Snowder et al., 2005b). 
 
 Selection for disease resistance is costly.  Potential costs associated with measuring 
disease resistance include lost production, mortality, decreased longevity, diagnostic costs, 
and therapeutic expenses.  
 
Direct selection  

Direct selection for disease resistance can occur in three different scenarios 
(Rothschild, 1998).  First, animals may be observed in a given production system or 
environment for lack of clinical expression of a disease.  Under this selection approach, it 
is assumed that the disease pathogen is constantly present.  However, the expression of 
disease resistance is questionable.  Animals with clinical expression of the disease may be 
identified with relative accuracy but not all healthy animals may be exposed to the 
pathogen or challenged equally.  Also, disease exposure in natural environments is subject 
to temporal and spatial clustering of diseases.  Diseases often occur in clusters of time 
(years, seasons, production cycles, etc.) and space (herd, pasture, farm, region, etc.).  In 
years when the disease incidence is high, there can be an increase in the accuracy of 
identify animals with a high probability of being disease resistant but in years of low 
incidence the accuracy will be diminished (Snowder et al., 2005b). The second direct 
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approach is to uniformly challenge all breeding stock with infection.  This approach can be 
costly depending upon the pathogen’s virulence and clinical expression of the disease but 
is a reliable measure of disease resistance. This may require isolation of the population to 
prevent transmission to non-breeding stock.  A third approach is to challenge relatives or 
clones of the breeding stock, especially if the disease has a high mortality rate.  This latter 
approach is also a reliable method of determining genetic resistance.  The latter two 
approaches are not without error because immunological background (previous exposure to 
the pathogen) may vary among of the animals.  Researchers will have to determine the 
significance of immunological background for biasing the observed animal response to a 
disease challenge. In cattle, direct selection for reducing brucellosis had a favorable 
response.  Templeton et al., (1990) increased natural resistance to brucellosis in calves 
from 20% to 59% after breeding cows to a naturally resistant bull. 

 
 Ideally, such direct approaches of phenotyping animals for disease resistance would 
take place in a highly controlled and isolated environment.  This is probably not practical 
for cattle associations but publicly funded institutions may develop such testing facilities in 
the future. 
 
Indirect selection 

Indirect selection for disease resistance can also be achieved by selecting for 
indicators of disease resistance. Indicators of disease resistance include pathogen products 
(i.e., pathogen reproductive rates, pathogen by-products), and biological or immunological 
responses of the host.  One of the most successful approaches of indirect selection for 
disease resistance has been reported in sheep by selecting for low fecal internal parasite 
egg count (Woolaston et al., 1992).  In dairy cattle, somatic cell count has used as a 
selection criteria for reducing mastitis (Shook and Schutz, 1994).  Immune responsiveness, 
challenging an animal with an antigen or vaccine and measuring antibody response or 
production, has been useful in poultry (Lamont et al., 2003) and swine (Mallard et al., 
1992).  Hernandez et al. (2003) suggested that immune responsiveness would be a useful 
indicator of disease resistance in cattle. Selection for immune response is generally 
beneficial when a single disease is targeted.  However, studies in swine have indicated that 
selection for immune responsiveness can improve disease resistance to other diseases 
while, at the same time, increasing susceptibility to others (Wilkie and Mallard, 1998).  For 
effective selection, indicator traits must be heritable, highly genetically correlated with 
resistance to the disease of interest, accurate to measure, and affordable.  

 
 Interactions between the genetics of the animal and the environment commonly 
exist. If the animal by environmental interaction is significant, animals selected for 
improved disease resistance in one environment may be more susceptible to the same 
disease in a different environment.  Therefore, selection programs may have to be 
environment specific.   

Gene Mapping 
 

 Sequencing of the mice and human genomes, and construction of similar maps in 
livestock have led to discovery of several genetic markers and even genes related to the 
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immune system.  Most genes related to disease resistance have been discovered using 
inbred strains of mice. Only a few genes have been linked to disease resistance in cattle.  
The Nramp1 gene (natural resistance-associated macrophage protein) is associated with 
innate immune system. Nramp1 has been linked with resistance to brucellosis (Harmon et 
al., 1989), tuberculosis, and salmonellosis (Qureshi et al. 1996). Homologues for Nramp1 
have been identified, sequenced and/or mapped in chickens, swine, and sheep (Adams and 
Templeton, 1998). 
 
 The major histocompatibility complex (MHC) genes are linked to specific 
immunological responses. MHC genes were some of the first mapped and sequenced genes 
related to disease resistance. The MHC have a high degree of polymorphism, a gene exists 
in more than one allele in a population.  Over 50 MHC alleles have been identified (Adams 
and Templeton, 1998). The high degree of polymorphisms for MHC genes which is unique 
for each individual (over 100 million combinations possible) partially explains how the 
host immune system can attack such a great number of antigens. In dairy cattle, the bovine 
MHC complex has been linked to disease resistance of economically important traits 
(Batra et al., 1989).  In chickens, MHC has been linked to resistance to Marek’s disease 
and fowl cholera (Lamont, 1989).  
 
 Other examples of recently discovered single genes in livestock include the 
fimbriae F4 (K88) gene in swine for reducing e. coli intestinal infection (Moon et al., 
1999), the prion protein (PrP) gene related to scrapie susceptibility in sheep (Bossers et al., 
1996), and the TNC gene related to salmonellosis in chickens (Hu et al., 1997). 
 

Polygenic Effects 
 

The complexity of the immune system clearly infers that many genes are involved 
in disease resistance.  It is highly doubtful that many single genes will be discovered and 
associated with most major diseases.  As the human and mice genomes are further 
investigated for disease related genes, it is highly plausible that quantitative trait loci 
(QTL) associated with disease resistant in livestock may also be identified in the near 
future. New and novel gene mapping approaches are being developed specifically for 
detection of complex disease loci (Pareek et al., 2002).  Micro array technology is 
advancing at a very progressive rate such that association of livestock DNA with human or 
mice DNA for disease loci may be easier and more affordable. Thus, it may be possible to 
establish orthology among genes associated with disease susceptibility/resistance between 
human and mice, with livestock species. 
 

The Near Future 
 

 In the near future, it is likely that selection for disease resistance in most livestock 
species, especially cattle, will not be widely accepted by industry because of the lack of 
knowledge about how best to select for disease resistance and poorly understood genetic 
correlations between disease resistance and economically important production traits.  
Selection for disease resistance will be disease dependent.  It may be possible to select 
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directly against the disease, select for indicator traits (indirect selection), to select directly 
for the gene(s) that confer resistance or some combination of these approaches.  The 
potential seems great for identifying breeding stock that is healthier because of their 
immune responsiveness. Although it may be difficult to select for animals resistant to a 
wide range of diseases, it may be possible to breed or identify animals that are genetically 
more responsive to anti-viral vaccines. 
 
 Certainly, genetic selection will not solve all of our livestock disease problems.  
Therefore, management, nutrition, vaccination, culling, therapeutic treatment, stress 
reduction practices and other measures must accompany genetic approaches to reduce the 
impact of livestock disease on profitability and animal well being. 
 

In Defense of Immunologists, Bacteriologists and Virologists 
 

 Because of the complexity of the immune system, many researchers in the field of 
immunology, bacteriology, and virology believe that gene sequencing of the pathogen will 
lead to a more rapid method of reducing disease incidence than genetic selection of 
livestock.  Identifying and sequencing genes may help identify pathways in the pathogen 
or host that can be interrupted to prevent disease or the development of a new antibiotic. 
Although this paper has been focused on the genetics of disease resistance in the host, 
genetic research on the pathogen may lead to the pathogen’s Achilles heel. 
 
 For further reading on the genetics of disease resistance readers are referred to 
previous reviews (Warner et al., 1987; Malo and Skamene, 1994; Muller and Brem, 1994; 
Adams and Templeton, 1998; Rothschild, 1998; Detilleux, 2001; Stear et al., 2001; Pareek 
et al., 2002). 
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Introduction 
 

Hay and silage crops are integral parts of beef production in the Great Plains.  In 
the southern Great Plains, a growing dairy industry is adding demand for silage and hay.  
Corn silage has long served the region well, producing consistent high quality silage.  
However, many areas of the southern Great Plains no longer have the irrigation capacity to 
successfully produce corn silage.  Forage sorghums are a viable alternative crop under 
these conditions.  They can be planted later than corn, use water more efficiently and hence 
still produce acceptable silage yields when planting is delayed, irrigation capacity is limited 
or conditions are droughty.   

 
Brown Midrib Genotypes 

 
The bmr mutation has been identified in or introduced into corn (Eyster, 1926), 

sorghum (Porter et al. 1978), sudangrass, and pearl millets (Cherney et al., 1988).  The 
name brown midrib (bmr) refers to the reddish-brown pigmentation of the midrib of the 
leaves of these phenotypes.  In sorghums, the dissected stalk has reddish-brown 
pigmentation in the pith of the stem and is associated with the vascular tissue.  The 
pigmentation in the leaf midrib can fade as the plant matures and hence is not always 
apparent; however, the pigmentation in the stalk remains in mature plants.   

 
The bmr trait is recessive.  When present in the homozygous state, the bmr 

mutation is associated with reduced lignin content and higher forage digestibility (Porter et 
al., 1978; Cherney et al., 1986; Pedersen, J.F. 1996; Casler et al., 2003).   

 
Porter et al. (1978) originally produced 19 bmr sorghum mutants by chemically 

treating seed from two grain sorghum lines. These mutants were numbered bmr 1 to bmr 
19; the numbers did not represent different loci.  Of these original 19 mutants, 13 were 
selected for further evaluation in paired field plots with their normal sisters.  Based on two 
years of field evaluation, Porter et al. (1978) suggested that the bmr-6, bmr-12, and bmr-18 
should be selected for further evaluation.  In the introduction to a recent manuscript, Oliver 
et al. (2004) indicated that bmr-12 and bmr-18 may be allelic.  Comparative data for three 
genotypes from Porter's work are shown in table 1 and illustrate the reduction in lignin 
content and the concomitant increase in digestibility of the plant fractions  

 
Based on contacts with the seed industry, all three of these genotypes are 

represented in commercially available varieties of forage sorghum (B. Bean, personal 
communication).  However, the bmr-6 and bmr-12 genotypes seem to be more prevalent. 
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Table 1. Lignin (%), in vitro dry matter disappearance (%, IVDMD), and in vitro cell wall 
disappearance (%, IVCWD) of three sorghum bmr genotypes and their normal sisters 
(Porter et., 1978)b

 Lignin IVDMD IVCWD 
 Leaf Stem Leaf Stem Leaf Stem 
bmr-6 5.02 a 4.38a 63.5 a 64.0a 70.8 61.9 

Normal  6.25 6.12 59.5 57.5 68.4 55.4 
bmr-12 4.73 3.46 a 66.0 a 74.0a 79.0 a 76.9 a

Normal 5.56 5.89 55.8 60.4 64.2 53.7 
bmr-18 5.23 a 3.45 a 64.3 a 74.4 a 72.9 a 77.3 a

Normal 6.84 6.28 56.3 59.9 58.2 64.5 
aNormal and bmr are different, P<0.05. 
bTwo years of data for lignin and IVDMD of stems; one year of data for all others. 
 

Photoperiod-sensitive Genotypes 
 

 The transition from vegetative to reproductive growth in sorghums and sorghum-
sudangrasses hastens the decline in quality of the vegetative portion of the plant.  Floral 
initiation is affected by several environmental factors but daylength is probably the most 
important (Morgan et al., 2002).  Regulation of flowering by daylength is referred to as 
photoperiodism.   
 

The range in maturity classes for sorghums reflects different degrees of 
photoperiod sensitivity.  Six maturity genes have been identified in sorghum and are 
designated Ma1, Ma2,, Ma3, Ma4, Ma5, and Ma6 (Morgan et al., 2002).  Rooney and Aydin 
(1999) recently recognized and described the Ma5 and Ma6 genes.  When both of these are 
present in their dominant forms, they delay flowering from 60-70 days until 170-190 days 
(Rooney and Aydin, 1999).  Floral initiation will not occur until daylength is less than 12 
hours and 20 minutes.  The Ma5 and Ma6 genes have been used to produce hybrid forages 
that are extremely photoperiod sensitive and do not flower until very late in the growing 
season (Morgan et al., 2002).  To date, these genes have had no pleiotropic effects 
(Morgan et al., 2002).   

 
A limited number of photoperiod-sensitive (PS) varieties are commercially 

available.  Some are forage sorghums and some are sorghum-sudangrass hybrids.  The 
delayed flowering is proposed to slow the decline in forage quality associated with floral 
initiation.  This would provide flexibility in harvest management for producers.  In our 
trials (discussed later), the PS varieties have not flowered before October 1; many have not 
flowered by harvest in early to mid-October.  The PS varieties have produced high yields 
of forage but nutritional values have been inferior to normal or bmr varieties.  

 
Combined Brown Midrib/Photoperiod-sensitive Genotypes 

 
A limited number of varieties are available that contain both the bmr and PS traits.  

This combination is designed to take advantage of the improved nutritional value of the 
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bmr genotype, and the delayed flowering and potentially higher yields of the PS genotype.  
Because of limited observations, these varieties are not discussed in the following section.  
Based on the limited observations, the nutritional value and yields of these bmr-PS 
varieties are intermediate the bmr and PS types.  

 
Variety Evaluations at Texas A&M University, Amarillo 

 
 Since 2000, we have conducted variety tests at the Texas A&M Bush Farm in 
Bushland, Texas (approximately 10 miles west of Amarillo). The variety trials have 
included between 53 and 92 varieties depending on the year.  All varieties entered were at 
the discretion of the companies.  Varieties included normal and bmr forage sorghums, 
sorghum-sudangrasses and PS varieties.  The ensuing discussion on nutritional values 
focuses only on the forage sorghums.   
 

The varieties were planted in a randomized block design with three blocks. The 
trials were considered to be fully irrigated with water applied as needed.  Irrigation was 
scheduled by monitoring gypsum blocks placed in the soil at depths of 1, 2, and 3 feet.  
Moisture blocks were read every two to three days and plots were irrigated when the 
average of the three moisture blocks fell below 60.  Seeding rate was 120,000 seed/acre 
and the fertilization rate for N and P varied each year depending on soil test analysis.  
Beginning in late August, grain development of each variety was checked weekly.  Each 
variety was harvested as the grain for that variety reached the soft dough stage.  
Photoperiod sensitive varieties were harvested on the last harvest date of the season 
(October 10 - 15). 
 

Corn varieties were planted adjacent to the sorghum silage trial for comparison.  
This data was not included in the statistical analysis but will be mentioned for comparative 
purposes.  Plots were irrigated based on gypsum block readings at soil depths of 1, 2, and 3 
feet.  When corn for each variety reached the 1/2-2/3 milkline, four samples were collected 
from each variety plot for yield and nutrient analysis.  
 
 At harvest, whole plant subsamples were taken from the yield sample from each 
replicate plot of each variety and passed through a limb chipper.  Samples from replicate 
plots were not composited. The chopped material was subsampled to determine moisture 
and pre-ensiling nutrient profiles.  The Dairy One Forage Laboratory in Ithaca, NY 
conducted laboratory analyses.  Lab analyses included CP%, NDF%, ADF%, Lignin% 
(ADL), in vitro true digestibility %(IVTD), and indigestible NDF%.  Digestible NDF 
(%NDF) was calculated using these values.  All lab analyses were wet lab procedures. 
  
Detailed information and reports for each year can be found at:  
http://amarillo.tamu.edu/programs/agronomy/publications/Forage%20Sorghum/index.htm  

 
Comparison of bmr, PS and normal (non-bmr) forages  
 Data compiled for the three types of forage sorghum over 5 production years are 
presented in table 2.  These data represent the means for the categories and may not be 
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indicative of the performance of varieties within each category.  Standard deviations 
around the means for each category are listed below the means to describe the variation 
within the category.  In the discussion, non-bmr refers to the normal genotype of forage 
sorghum. 

 
Yield  As a group, the PS varieties produced the highest yields while the bmr 

varieties had the lower average yields.  The PS group yielded 20.5% more tonnage than the 
non-bmr group.  This average is influenced by high yields in one year of the trials (see 
figure 1). The 11.8% yield reduction of the bmr group compared to non-bmr group is not 
unprecedented. Yield drag has been a concern with bmr varieties (Kalton, 1988). The 
standard deviations within each group (Table 1) and the scatter plot in figure 2 illustrate 
that, although there are statistical differences among groups, overlap occurs between types.  
Hence, just because a variety is a bmr genotype does not mean it will suffer from lower 
yields. It is possible to select a bmr variety with  yields comparable to some of the higher 
non-bmr yields. 

 
Corn silage yields averaged 8.5 tons DM/ac over the years of evaluation.  So under 

the conditions of these trials, there are varieties of both non-bmr and bmr forage sorghum 
that have produced yields comparable to corn for silage.  On average the PS varieties have 
produced higher yields than corn.  The forage sorghums have produced these yields on less 
seasonal irrigation.  Irrigation water use efficiency, defined as tons of 65% moisture 
forage/acre-inch of irrigation water, averaged 1.01 tons/ac-in for corn, 1.65 tons/ac-in for 
non-bmr forage sorghum, 1.5 tons/ac-in for bmr forage sorghum, and 2.2 tons/ac-in for PS 
forage sorghum. 
 
Table 2.  Forage sorghum characteristics by type (2000-2004). 
 
Characteristic 

 
 

Non-
BMR1 

 
BMR 

 
PS SEM 

 
P value 

Yield, tons DM/ac Mean 8.5a  7.5b  10.7c 0.45 <0.001 
 s.d. 1.8  1.8  2.9   

CP, % DM Mean 7.3a  7.9b  6.0c 0.27 <0.001 
 s.d. 1.2  1.0  0.9   

NDF, % DM Mean 46.6a  45.5a  64.4b 1.36 <0.001 
 s.d. 6.1  4.9  4.8   

ADF, % DM Mean 28.0a  27.0a  39.4b 0.94 <0.001 
 s.d. 4.1  3.3  4.8   

IVTD, % DM Mean 76.2a  80.7b  68.5c 0. 90 <0.001 
 s.d. 4.3  2.3  2.6   

 
1Non-BMR, n = 154 entries; BMR, n = 99 entries; PS, n = 17 entries.  
 

Fiber components The fiber components of bmr and non-bmr forage sorghums 
were not different (Table 2).  The NDF and ADF fractions were higher for the PS group 
than for the other two groups of forage sorghums.  Lignin analysis was conducted in four 



of the five years.  Over this time, the average lignin concentration was 23% lower for the 
bmr group compared to non-bmr group (ave. 4.3% lignin), and 21% higher in the for PS 
group compared to the non-bmr group.  Pre-ensiled corn forage averaged 43% NDF and 
3.1% lignin over the same time period.   
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Figure 1. Yield and in vitro true digestibility for in pre-ensiled normal (non-BMR), 
brown midrib (BMR), and photoperiod-sensitive (PS) forage sorghums prior to ensiling 
in years 2000-2004. Each point represents the value of one variety in one year. 

 
The average NDF values for the forage sorghums were numerically higher than 

those observed for corn.  The range of NDF values over the past three years of the trials are 
shown on the x-axis in figure 2.  Using the corn NDF value as an index, these scatter plots 
demonstrate that there are opportunities to select varieties with similar or lower NDF 
concentrations if that is an objective.   

 
 In vitro true digestibility (IVTD)  IVTD was determined using a 48 h incubation 
in ruminal fluid followed by an NDF extraction.  IVTD values are higher than in vitro dry 
matter disappearance values measured using a two stage rumen fluid-enzyme method.  
Subtracting 11.9 from IVTD will provide an estimate of IVDMD (Dairy One, 2005).  
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The bmr group was 5.3% more digestible than the non-bmr group while IVTD for 
the PS group was 10.1% lower than the non-bmr group (Table 2).  The range of IVTD 
observed over the five years are shown in Figure 1.  As with yield, the ranges of IVTD 
overlap among the bmr and non-bmr variety groups.  Therefore, the bmr label on a variety 
does not guarantee superior digestibility and nutritional value. Likewise, the normal or 
non-bmr label does not necessarily imply that a variety has inferior digestibility and 



nutritional value.  Our data suggest that decisions should be made based on the variety and 
not the genotype designation. 
 
 Over the years, pre-ensiled corn forage averaged 81.5% IVTD; within year means 
ranged from 77.7 to 84.1% IVTD.  A number of observations for the bmr forage sorghums, 
as well as some of the non-bmr forage sorghums, fell in this same range or were similar to 
or higher than the average for corn (figure 1).  Some bmr and non-bmr forage sorghum 
varieties produced nutritional values and yields similar to or higher than corn in our trials.  
Whether based upon yield or quality or both, some bmr and some non-bmr forage sorghum 
varieties are alternatives to corn silage. 
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Figure 2. Neutral detergent fiber (NDF) and NDF digestibility (NDFD) in pre-ensiled 
normal (non-BMR), brown midrib (BMR), and photoperiod-sensitive (PS) forage 
sorghums in years 2002-2004. Each point represents the value of one variety in one 
year. 

 
Figures 2 and 3 illustrate the mechanisms behind the improved IVTD in the bmr 

group.  In general, at any level of NDF, the NDFD tends to segregate the groups; the bmr 
forage sorghums with improved NDFD compared to the non-bmr forage sorghums (Figure 
2).  This reflects the reduced lignification in the bmr forages.  This segregation is also 
present when NDFD is related to IVTD (Figure 3).  

 
The higher NDF, ADF, and lignin concentrations in the PS group resulted in a 

pronounced difference in IVTD.  The NDFD for the PS varieties was in the midrange of 
NDFD values for the bmr and non-bmr forages (Figures 2 and 3).  However the average 
NDFD could not compensate for the higher NDF concentrations and IVTD was depressed.  
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Figure 3. Neutral detergent fiber digestibility (NDFD) and in vitro true digestibility 
(IVTD) of pre-ensiled normal (non-BMR), brown midrib (BMR), and photoperiod-
sensitive (PS) forage sorghums for years 2002-2004. Each point represents the value of 
one variety in one year. 
 

The relatively high concentrations of fiber and lignin and lower IVTD for in the PS 
varieties does not negate the concept that delayed flowering aids in maintaining higher 
forage quality.  That question must be addressed by harvesting at various plant ages (days 
since emergence).  Our data simply show that at the point we harvested the PS varieties, 
they were more fibrous than the other two forage sorghum groups.  If we had harvested the 
PS varieties at an earlier age, fiber levels might have been lower.  However, our objective 
was to harvest forage at a stage for ensiling.  The harvest moisture levels in the PS group 
averaged 71.8, 73.3, 73.9, 67.6, and 74.4% for each of the five years despite delaying 
harvest until mid-October.  Harvest at an earlier age might decrease fiber and increase 
digestibility, but the moisture levels will require the forage to be wilted before ensiling.  

 
It is interesting to note that the IVTD of the PS varieties is not that different than 

the non-grain components of corn silage.  The PS varieties might potentially trade with 
corn silage on an NDF basis in finishing rations. 

 
ADF, IVTD and energy estimation  The acid detergent fiber (ADF) fraction 

contains the more indigestible portion of the plant: cellulose, lignin, and silica.  If lignin 
content is lower as with the bmr forage sorghums, then the ADF fraction should be more 
digestible and the energy value of the forage would be improved. 
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Many laboratories will report an energy value based on ADF.  Because ADF is 
negatively related to forage digestibility, and digestibility is the primary factor affecting 
the energy value of a forage, ADF is often used in single variable prediction equations to 
estimate the energy value of forage.  Using these types of prediction equations will 
underestimate the energy value of forages such as the bmr varieties.   

 
Figure 4 shows that regardless of forage sorghum type, IVTD declines as ADF 

increases.  However, there appears to be different associations for the bmr and non-bmr 
types.  An energy value estimated based solely on the ADF value would not reflect the 
differences.  The relationships between ADF and IVTD for the bmr and non-bmr types 
were evaluated using indicator regression.  The regression equations for the bmr and non-
bmr forages are different (intercept, P=0.09; slope, P<0.01).  Consequently, energy values 
predicted using equations derived from "normal" forage ADF-energy relationships would 
not reflect the higher digestibility and would underestimate the energy value of the bmr 
forages.  Prediction equations should incorporate measures of fiber digestibility as well as 
fiber concentration.  
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Figure 4.  Acid detergent fiber (ADF) and in vitro true digestibility (IVTD) 
relationships for in pre-ensiled normal (non-BMR), brown midrib (BMR), and 
photoperiod-sensitive (PS) forage sorghums in years 2000-2004. Each point represents 
the value of one variety in one year. 

 
Grain content   Grain production potential varies widely among the forage 

sorghums.  Typically, it is assumed that higher grain content will improve the nutritional 
value of silage and therefore varieties with higher grain production potential have a higher 
nutritional value.  However, this assumption is usually based on observations within a 
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variety (i.e. silages from a single variety but with varied amounts of grain).  Grain content 
may not have the same influence when comparisons are made among varieties with 
differing forage (stover) quality.  
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Figure 5.  Grain content and in vitro true digestibility (IVTD) relationships for in pre-
ensiled normal (non-BMR), brown midrib (BMR), and photoperiod-sensitive (PS) 
forage sorghums in years 2000-2004. Each point represents the value of one variety in 
one year. 

 
The association between percent grain and IVTD of pre-ensiled forages from our 

trials was evaluated using nonlinear regression techniques (Figure 5).  The IVTD of the 
non-bmr forage sorghums increased quadratically and plateaued at 78.0% IVTD when 
grain content was 34.5%.  In contrast, IVTD of the bmr group plateaued at 80.8% IVTD 
when grain content was 2.0%.  Therefore varietal differences in grain content were more 
important for the non-bmr forage sorghums than the bmr forage sorghums.   

 
Feeding Studies 

 
 Few feeding studies have compared bmr silage to other silages.  Most studies are 
with dairy cattle.  Lusk et al. (1984) fed corn silage or bmr sorghum silage in two short (54-
56 days) lactation studies.  Daily intake of silage and concentrate was relatively similar for 
the treatment groups.  Actual and fat-corrected milk production did not differ among 
treatments.  Grant et al. (1995) compared bmr sorghum silage to alfalfa, corn, and normal 
sorghum silages in diets for midlactation dairy cows.  Diets contained 65% (DMB) silage 
and 35% concentrate.  Although milk production was not different for the bmr silage, corn, 
and alfalfa silage diets, lbs milk:lbs feed intake (FCM:DMI) was slightly lower for the bmr 
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silage diet (1.04) compared to corn (1.16).  The normal sorghum silage supported less milk 
production at a FCM:DMI than the other three silages.  

 
Aydin et al. (1999) fed 65% (DMB) silage diets to cows in early lactation.  Cows on 

the corn silage diet produced more milk and with a higher FCM:DMI than cows on the 
other diets.  Production and efficiency were not different for bmr sorghum or alfalfa silage 
diets.  The normal sorghum silage diets supported the least production with lowest 
FCM:DMI.  In a second trial, Aydin et al. (1999) fed diets containing 17.5% alfalfa silage 
and 35.3% (DMB) of either corn silage, normal sorghum silage, or bmr sorghum silage.  
Milk production was higher for cows fed bmr sorghum silage compared to normal sorghum 
silage but was not different from corn silage.  The FCM:DMI was 3.8% higher for bmr 
silage compared to either corn or normal sorghum silage.  Cows on the normal sorghum 
produced less milk than cows on the bmr silage, but production was not different than the 
cows on corn silage.   

 
Oliver et al. (2004) fed lactating cows diets containing 10% alfalfa with 40% 

(DMB) of corn silage , normal sorghum, or bmr forage sorghum silages of two genotypes.  
Milk production was not different among the corn silage or the two bmr sorghum silages.  
The normal sorghum silage supported the lowest milk production.  FCM:DMI was lowest 
with the normal sorghum silage diet; there were no differences in FCM:DMI among the 
two bmr sorghum silage and corn silage diets. 

 
We compared corn silage and a bmr forage sorghum silage in finishing diets at 

Bushland, Texas (unpublished data).  Corn silage was fed at 10% (DMB) with 80% steam-
flaked corn, 2.3% white grease, and 7.7% supplement.  The bmr silage was fed at either 
10.0% (DMB) to directly replace corn silage or at 7.5% (DMB) to contribute the same 
amount of NDF as the corn silage.  Corn was added back to the 7.5% diet.  The feeding 
trial was repeated in two consecutive years using silages produced at Bushland in each 
year.  Data were pooled across years.  There were no differences in feed intake, daily gain, 
feed efficiency, or carcass traits among the treatments. 

 
Conclusions 

 
 Improved genetic materials in the forage sorghums can provide some alternatives 
for harvested forages in the southern Great Plains.  The photoperiod-sensitive forage 
sorghums appear to yield well and utilize water efficiently.  However, the relatively low 
digestibility and high fiber may limit their broad application.  This forage type may be best 
placed in situations where cattle have lower nutrient requirements or higher dietary fiber 
needs.  They might also fit into a finishing program in which they trade with corn silage on 
an NDF basis and corn is added back to the diet.  The bmr varieties have higher average 
IVTD and fiber digestibility than the non-bmr varieties.  However, there is a great deal of 
variation among individual varieties.  Selection decisions must be made based on 
individual varietial differences rather than the general characteristics of  the forage type.  
Inside the varieties we have tested, there are potential alternatives to corn silage for 
growers with limited irrigation capacity or greater risk aversion.  Feeding trials with 
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lactating dairy cows and finishing cattle have demonstrated the potential to replace corn 
silage with the bmr forage sorghums without losing production.  However, the variation in 
nutrient profiles suggest that the same potential exists to lose production if differences 
among varieties are not scrutinized.  Based on nutrient profiles relative to corn forage 
grown at our site, a variable pricing scale would be appropriate for sorghum silages.  This 
scale could be based upon IVTD or NDFD with corn silage as the base for pricing. 
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Introduction 

 
 Defining the relationship between feeding management, feed intake, animal 
performance, and the incidence of metabolic disorders such as ruminal acidosis presents a 
monumental challenge to researchers and the cattle feeding industry.  Nutritionists and 
feedlot managers frequently attribute subclinical acidosis and reduced growth performance 
in cattle to erratic intake and feeding behaviour, and have proposed that these traits can 
cost as much as $15 to 20 per animal. Although a number of researchers have concluded 
that large variations in intake by cattle fed high-concentrate diets contributes to digestive 
disturbances under experimental conditions (Fulton et al., 1979; Britton and Stock, 1987), 
few studies have confirmed this phenomenon in feedlot cattle fed to ad libitum intake 
under normal management practices. 
 
 Bunk management practices such as programmed feeding, multiple feed deliveries 
per day, and consistent timing of feed delivery are undertaken to reduce variability in 
intake. The effectiveness of these practices is assessed on the basis of average pen intakes, 
even though ruminal pH and feeding behaviour can differ significantly among individuals 
within a pen.  New technologies that enable continuous monitoring of feeding behaviours 
and ruminal pH, and the use of molecular techniques to define the microbial ecology in 
individual cattle have brought new insight into the impact of feeding management on the 
health and metabolic status of individual animals.  Variation among penmates is proving to 
be enormous, and it is becoming increasingly clear that defining the metabolic state of the 
individual, as opposed to pen average, is the key to making further progress in preventing 
and mitigating disease.  The present paper will highlight some of the major findings that 
have arisen as a result of this innovative research approach. 
 

Individual Variation in Rumen Ecology 
 
 The development of subclinical and clinical acidosis in feedlot cattle involves 
complex interactions of feed intake, diet composition, ruminal microorganisms, and the 
animal itself (Figure 1). Establishment of a stable ruminal microflora during transition 
from forage- to  concentrate-based diets is not immediate.  Introducing highly fermentable 
starch into the diet increases the availability of free glucose and stimulates the growth of 
most ruminal bacteria, which increases production of volatile fatty acids (VFA) and results 
in a decline in ruminal pH (Owens et al., 1998). Competition for available substrate usually 
moderates the growth rate of lactic acid-producing bacteria such as Streptoccocus bovis 
and Lactobacillus spp., thus the populations of these species seldom exceed 107 cells per 
mL of ruminal fluid.  Accumulation of lactic acid in the rumen is curtailed in the majority 
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of cattle by concurrent increases in lactic acid-utilizing ruminal bacteria (e.g., Selenomonas 
spp., Anaerovibrio spp., Megasphaera elsdenii and Propionibacterium spp.) and protozoa 
(e.g., Entodinium spp.). In this way, a balance between production and utilization of lactic 
acid is maintained, and ruminal concentrations of lactic acid even in animals perceived to 
have subclinical acidosis seldom exceed 10 mM (Hristov et al., 2001; Ghorbani et al., 
2002; Bevans et al., 2005). 
 
 In a small number of cattle, however, the rumen microbial population becomes 
unstable and can give rise to clinical acidosis. This was ably demonstrated by Klieve et al. 
(2003), who used molecular techniques to monitor populations of the lactic acid producer, 
S. bovis, the lactic acid utilizer, M. elsdenii, and the cellulolytic bacterium, Butyrivibrio 
fibrisolvens, in 10 steers that were adapted over an 11-day period from a forage-based diet 
to one containing 75% rolled barley grain. Only one of the steers exhibited any signs of 
acidosis during this transition. In that animal, S. bovis proliferated to >109 cells per mL of 
ruminal fluid, B. fibrsolvens failed to establish (Figure 2), and the ruminal lactic acid 
concentration exceeded 100 mM, whereas in the other nine individuals, populations of S. 
bovis remained stable at 107 cells per mL of ruminal fluid and lactic acid did not exceed 2 
mM.  In the one affected steer, an abundance of glycolytic intermediates (e.g., pyruvate, 
fructose-1,6-diphosphate) likely fostered proliferation of S. bovis and promoted a shift in 
its metabolism from acetate and formate production to production of lactate (Russell and 
Hino, 1985). 
 
 Lactic acid (pKa of 3.1) is over 10 times as strong an acid as the VFA normally 
produced in the rumen (average pKa = 4.8), thus production of this alternative metabolite 
exacerbates the decline in pH.  Klieve et al. (2003) attributed the acidosis that occurred in 
the lone steer to an excessive intake of grain on the first day that its concentration in the 
diet was increased. We have also observed that occurrence of clinical acidosis is infrequent 
even when a rigorous adaptation regime is undertaken (Bevans et al., 2005).  Only one of 
five heifers adapted from a 40% grain diet to a 90% grain diet over a 4-day period 
exhibited clinical acidosis. In that individual, ruminal lactate increased to 22.3 mM and 
ruminal pH declined to 4.53.  That heifer had also logged a marked increase in feed intake 
(by 2.0 kg DM) on the first day that the 90% grain diet was fed.  Evidence that feeding 
behaviour (including intake) is related to the propensity of cattle to develop subclinical and 
clinical acidosis further emphasizes the need for technologies capable of measuring these 
behavioural parameters in individual animals within pens. 
 

New Approaches to Measuring Feeding Behaviour and Feed Intake – 
the GrowSafeJ System 

 
 A recently developed electronic monitoring system (GrowSafeJ Systems Ltd., 
Airdrie, Alberta) that uses radio frequency (RF) technology allows the feeding behaviour 
of individual cattle penned in groups to be tracked in settings typical of commercial 
production (Figure 3a). The system provides greater detail and is less labour intensive than 
other methods (e.g., visual observation) of defining feeding behavior.  The system will 
track number of visits by an animal to the feed bunk, the location along the bunk selected 
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by the animal, and the length of time spent at the bunk. This versatility enables researchers 
to study feeding behaviour of cattle fed total mixed rations and enables numerous diets to 
be evaluated simultaneously along the length of the bunk.  Placing load cells under tubs 
within the feed bunk (Figure 3b) will also allow intake to be measured, albeit with some 
impact on feeding behaviour, as intake estimations require that only one animal be allowed 
to consume feed from a given tub at any given time. 
 

A Standards Document that defines the procedures used to define feeding behaviour 
and feed intake using the GrowSafeJ system has been established by the Animal 
Behaviour and Feed Efficiency Network (McAllister et al., 2004). This document provides 
recommendations for definition of a meal, estimation of daily duration at the feed bunk, 
and assumptions to be employed in estimating feed intake by individual animals in a pen.  
A meal is defined as a return to the bunk after a specified absence of more than five 
minutes.  The duration of feeding can be defined by two methods.  The first method, 
designated “in to out”, is defined as the sum of time spent at the feed bunk during each 
feeding event.  This information includes the time that each animal spends at the bunk 
engaged in other, non-eating activities (e.g., chewing, scratching, socializing).  The second 
definition of feeding duration, designated “head down only”, involves calculating the total 
time that the transponder is detected by the antenna for a particular animal.  In a study 
designed to assess the validity of the GrowSafeJ system, we found that the act of eating 
comprised 84% “head down only” time (Schwartzkopf-Genswein et al., 1999).  More 
recently, we have employed a strategy that incorporates definition of an inter-meal interval, 
i.e., the interval that individuals spend away from the feed bunk between meals 
(Schwartzkopf-Genswein and McAllister, unpublished data).  It is hypothesized that 
morbid animals would record longer durations of absence, as they would tend to visit the 
bunk near the tail end of feed times, when competition for feed at the bunk would be less 
intense. Preliminary analyses suggest that this approach may be more effective at 
identifying morbid individuals with a pen. 

 
To date, the mathematical techniques employed in analysing feeding behaviour have 

been relatively simplistic, considering that the GrowSafeJ system records the attendance 
of all animals in the pen virtually every second throughout the entire feeding period.  The 
data generated by this system are sufficient for far more sophisticated mathematical 
approaches to be applied in defining individual feeding behavior. Past analyses of feeding 
behaviour data from this system almost exclusively have used simple linear statistical 
models that may have limited value when attempting to document and compare complex 
non-linear patterns. Currently, we are exploring the use of pattern recognition techniques 
such as potential functions, cluster analysis, binary representation, and neural networks to 
further define feeding behaviours of individuals in a continuous manner throughout the 
feeding period. These integrated mathematical approaches will undoubtedly enhance our 
ability to relate feeding patterns to animal performance and health. 
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Detection of Morbidity Using the GrowSafeJ System 
 

 Intuitively, one would expect health and performance of feedlot cattle to be closely 
related, but few researchers have generated evidence to support such a relationship 
(Hutcheson and Cole 1986). The capability to collect detailed behavioural data with the 
GrowSafeJ system may now enable the relatedness of health and performance to be 
documented. When the system was used to monitor the watering behavior of feedlot cattle, 
morbid cattle were detected four days earlier than by conventional pen-checking methods 
(Basarab et al., 1996). In that study, cattle suffering from bovine respiratory disease spent 
23.7% less time at the waterer than did healthy steers.  In Arizona, morbid feedlot cattle 
spent 47% less time at the feed bunk than did healthy cattle (Sowell et al., 1999), but in 
that location, watering behavior was not as good a predictor of morbidity as was feeding 
behavior.  Also in Arizona, Daniels et al. (1999) confirmed that feeding behavior could 
predict morbidity of cattle, reporting that cattle requiring antibiotic treatment spent 41% 
less time per day at the bunk than cattle that received no treatment.  One of our earlier 
studies revealed that 16% of newly arrived cattle made no bunk visits to the feed bunk for 
periods of 1 d (24 h) during the first 10 days of introduction to the feedlot.  In fact, one calf 
did not attend the bunk at all during this 10-day period (Gibb et al., 2000). That animal was 
not visually identifiable as ill, but did lose weight during the 10 days.  It remains to be 
determined if these periods of little or no intake have long term impacts on animal 
performance over the entire feeding period. 
 
 Data from a recent study in which we used the GrowSafeTM system at the Lethbridge 
Research Centre to assess differences in feeding behaviour between morbid and healthy 
feedlot heifers that had or had not been vaccinated against Pasteurella have now been 
summarized.  In the study, 380 heifers were assigned (n = 95) to four pens equipped with 
the GrowSafeTM RF system, and two pens were randomly selected for vaccination.  
Throughout the 215-d feeding period, sick cattle were identified via observational 
assessment by a trained pen checker. Those classified as morbid were treated and returned 
to the pen.  Over the duration of the feeding period, approximately 30% of the heifers were 
removed from the pen at least once for treatment; of those, 9% required treatment 3 times 
or more.  Heifers that remained in the hospital pen were not used in estimations of daily 
duration of bunk attendance.  Feeding behaviours of the heifers during the 4 d immediately 
preceding their being identified as ‘sick’ were examined in detail.  Those identified as sick 
and removed for treatment had spent less time at the feed bunk and had made fewer visits 
per day in the 4 d preceding being identified than did those that remained healthy (Figure 
4a).  The sick cattle that had been vaccinated spent less time at the bunk than the 
unvaccinated cattle that became sick (Figure 4b), suggesting that those animals that failed 
to respond to vaccination may have exhibited greater illness. This may indeed be the case, 
given that individuals that are immunocompromised do not develop immunity upon 
vaccination. 
 
 Grouping the heifers according to their total feeding duration outcomes (Low, 
Medium, High) revealed that among the Low and Medium feeding duration outcome 
groups, the vaccinated cattle had higher ADG as compared to those that were not 
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vaccinated (Table 1).  In all outcome groups, the incidence and severity of lung lesions 
were lower in vaccinated as compared to control (unvaccinated) heifers.  Heifers that 
exhibited lung lesions also spent less time at the feed bunk and made fewer bunk visits 
over the duration of the experiment than those exhibiting no lesions (Figure 4c).  The 
relationship between health and time spent at the feed bunk was also observed when 
heifers were grouped by the number of times they were identified for treatment (Figure 
4d).  These studies demonstrate that the GrowSafeJ system can be used in commercial 
feedlots to identify cattle exhibiting behavioural patterns lying outside of “normal” and to 
assess the efficacy of wide variety of management practices. 
 

Intake and Feeding Behaviour 
 
 Animal scientists have focused traditionally on the nutritional and physiological 
aspects of metabolic disorders and performance. As a result, myriad studies evaluating diet 
formulations, feed processing techniques, and feeding management strategies aimed at 
improving intake and performance, and reducing or eliminating metabolic disorders have 
been conducted.  However, other factors than these may determine an animal’s 
susceptibility to subclinical acidosis and, consequently, its growth performance.  Feeding 
behaviour, dominance, temperament, and motivation may play as large a part in 
development or avoidance of subclinical acidosis development as do the type and amount 
of feed an animal ingests (Owens et al., 1998; Grant and Albright, 2001).  Commercially 
fed cattle are generally housed in large groups where social status and learning may affect 
eating patterns (Galyean and Eng, 1998). 
 
 Recent studies indicate that intake patterns differ markedly among individuals 
within a pen (Gibb et al.,1998; Hickman et al., 2002; Schwartzkopf-Genswein et al., 2004).  
Currently, there are no large pen trials in which individual feeding patterns are related to 
ruminal pH and growth performance, because continuous monitoring of ruminal pH in 
group-housed cattle is presently not possible.  A common belief among cattle feeders is 
that fluctuations in intake can cause acidosis and reduce mean DMI (Britton and Stock, 
1987). This belief is supported by the report of a study in which deliberate 10% 
fluctuations in feed delivered to cattle reduced gain by 6% and feed efficiency by 7%, as 
compared with cattle fed on a constant, programmed schedule based on BW (Galyean et 
al., 1992).  Impaired performance in that study was attributed to subclinical acidosis 
arising from variation in intake, even though ruminal pH was not measured. This theory 
remains prevalent despite a mounting body of evidence to the contrary (Soto-Navarro et 
al., 2000; Hickman et al., 2002; Schwartzkopf-Genswein et al., 2004).  We conducted an 
experiment in which finishing cattle were fed either a constant amount (ad libitum intake) 
or at a fluctuating rate of 10% above ad libitum intake for 3 d, followed by 10% below ad 
libitum intake for 3 d. Constant- and fluctuating-fed animals exhibited similar DMI, ADG, 
feed efficiency, and time spent at the bunk. However, mean ruminal pH was 0.10 units 
lower in fluctuating-fed compared to constant-fed cattle and it remained lower for a greater 
portion of the day, in a smaller related metabolism trial in which the same feeding 
strategies were applied (Schwartzkopf-Genswein et al., 2004). 
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 In another application of the GrowSafeTM feed intake system to study the 
relationship between eating patterns and weight gain by feedlot cattle, we grouped the 
cattle into low, average and high ADG outcome groups.  Cattle in the high ADG group 
recorded intakes that were noticeably higher than the pen average, but considerable 
variation in intake was still evident among individuals n the high ADG group (Figure 5; 
Schwartzkopf-Genswein et al., 2003). Conversely, cattle in the low ADG group 
consistently consumed less feed than the pen average, but the variability in their intake was 
similar to that of the animals with high ADG (Figure 5).  This suggests that day-to-day 
fluctuations in intake by individuals may not necessarily exert a negative impact on growth 
performance.  Under commercial conditions, intake is presently expressed on a per-pen 
basis, thus significant fluctuations observed in that circumstance may reflect fluctuations 
affecting more individuals in the pen and/or a greater degree of fluctuation for one or more 
of the affected individuals.  The key to preventing these fluctuations from reducing 
profitability is to be able to predict the individual animals in a pen most likely to respond 
negatively to variation in intake.  The surveillance necessary to enable such a prediction 
would likely need to include within-meal feeding behaviours, as it is possible that 
subclinical acidosis may be related as much as to the rate at which feed is consumed during 
a meal, as it is to total amount of feed is consumed on a daily basis. 
 

Adaptive Responses of Individuals 
 
 It is widely recognized that under commercial conditions, an adaptation period of 
10 to 21 days is necessary for cattle to make the transition from high-forage to high-grain 
diets. In fact, clinical and subclinical acidosis can be induced experimentally by 
eliminating this adaptation phase and abruptly changing diet composition (Goad et al., 
1998; Coe et al., 1999).  Nonetheless, individual cattle do differ in their ability to cope 
with the metabolic challenges posed by extensive and rapid fermentation of high-grain 
diets.  Moreover, they can vary markedly in their ability to cope with the dietary factors 
that predispose them to acidosis even after adaptation to high-grain diets (Dougherty et al., 
1975; Brown et al., 2000).  We conducted a study in which feedlot heifers were adapted 
from a 40% grain diet to one containing 90% grain, using one transition diet fed for 3 days 
(rapid adaptation, RA), or five transition diets fed over 15 days (gradual adaptation, GA), 
and found that the responses of individual animals varied widely. Mean increases in intake 
were more gradual with the GA protocol than with RA, and mean ruminal pH remained 
higher with GA than with RA, but it was not dramatically different between the two groups 
(Figure 6; Bevans et al., 2005).  The ruminal pH of one of the RA heifers did not fall 
below 5.2 even though this animal consistently consumed over 10 kg of concentrate DM 
per day, even on the day that the 90% concentrate diet was first introduced.  In contrast, a 
different hiefer in the RA group recorded a ruminal pH of 4.6 upon introduction of the 
90% diet even though daily intake by this individual did not exceed 9 kg DM at any time 
during the trial.  In the GA group, one heifer exhibited erratic feed intake despite the fact 
that five transition diets were used.  Ruminal pH declined below 5.0 in that individual 
when the grain content of the diet was increased from 82 to 90% of diet DM, and ruminal 
lactate concentration reached 34.6 mM. 
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 The reasons why some animals experience subclinical acidosis while others are 
metabolically able to cope with this challenge are not clear.  Those animals that appear to 
be more prone to developing subclinical or clinical acidosis often exhibit a higher DM 
intake on the first day that a transition diet is introduced.  This excessive consumption of 
readily degradable carbohydrate may lead to the instability of microbial populations as 
discussed earlier.  The ability or inability of an individual animal to maintain high ruminal 
pH may also be related to feed preference, selectivity at the bunk, or the rate at which feed 
is consumed during a meal.  Cattle that ingest grain selectively may consume insufficient 
fibre to stimulate adequate chewing and salivary secretion to balance the acids produced 
during fermentation.  Intake of forage fibre is known to stimulate rumination activity 
during which time salivary secretion increases (Beauchemin, 1991).  Cattle consuming 
high-grain diets secrete only 60 to 70% as much saliva as cattle fed similar amounts of 
forage, and saliva secretion among animals receiving the same diet can vary by as much as 
25% (Bailey, 1961).  However, the relationship between variation in salivary output by 
individual animals, and the incidence of subclinical acidosis has not been explored.  
Alternatively, cattle that are susceptible to acidosis may be chewing their feed more 
extensively, thereby accelerating fermentation by exposing more of the grain surface area 
to microbial colonization, and giving rise to more rapid acid production in the rumen. 
 
 The differences among feedlot cattle in their susceptibility to subclinical acidosis 
are not easily explained by acid absorption or metabolism, but some evidence does suggest 
that metabolic adaptation may occur.  When we applied the same adaptation programs 
(RA, GA) to cattle in a feedlot setting, those on the rapid adaptation program exhibited the 
lowest ADG from day 1 to 34 and the highest ADG from day 35 to 69, such that overall 
ADG did not differ between RA and GA (Table 2). Fatty acids are readily absorbed from 
the rumen (Bergman, 1990) at rates that are enhanced by low pH (Masson and Philipson, 
1951).  Figure 6 demonstrates clearly that ruminal pH is not governed solely by DM intake 
by individual animals. The rates of feed passage and digestion also influence the extent to 
which VFA accumulate in the rumen, as up to 30% of ruminally generated VFA may pass 
directly to the lower digestive tract. The gut  uses a disproportionate amount of energy for 
the size of the tissue (approximately 25% of total oxygen consumption, while it accounts 
for approximately 6% of BW), and essentially all of this energy is derived from VFA 
(Britton and Krehbiel, 1993). The absorption rates for the primary ruminal VFA rank as: 
butyrate > propionate > acetate.  The quantities appearing in venous effluent rank in the 
reverse order, however, as a result of preferential metabolism of butyrate and propionate 
by cells within the rumen epithelium (Bergman, 1990).  Differences among individuals in 
the metabolic activity of ruminal tissue may account in part for the variation in abilities to 
cope with acid challenge.  Variations in the development of rumen papillae and/or 
epithelial damage as a result of parakeratosis may affect VFA absorption from the rumen. 
 

Fatty acids are utilized through intermediary metabolism following formation of 
the respective CoA metabolites, and the majority of propionate and butyrate entering portal 
blood is metabolized in the liver.  Consequently, acetate accounts for over 90% of the VFA 
in arterial blood (Bergman, 1990). Under normal conditions, blood pH is highly regulated 
and rarely fluctuates due to the buffering activity of the bicarbonate in blood (Owens et al., 
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1998). Susceptibility to clinical acidosis could be related to liver function or marginal 
nutritional deficiencies in the cofactors (e.g., biotin, vitamin B12) required for VFA 
metabolism. Presently, however, it is virtually impossible to measure the subtle differences 
in VFA metabolism that may influence the likelihood of an individual animal developing 
subclinical acidosis. 
 

Conclusions 
 
 The majority of pen-fed cattle can and do tolerate fluctuations in feed delivery and 
consumption, but if future progress is to be made in preventing metabolically-related 
diseases, it is imperative that the factors governing susceptibility of individuals are 
defined. This objective is unachievable if the disorders are studied under conditions in 
which the pen is considered as the experimental unit. Until recently, it has been virtually 
impossible to achieve the degree of statistical rigour necessary to enable conclusions on 
metabolic disease to be drawn from studies conducted under conditions representative of 
commercial production systems. Advancements in radio frequency identification may 
provide a means of identifying high-risk animals. Removal of these individuals from the 
pen could then allow the majority of animals to be managed in a manner that would enable 
full expression of their growth potential. 
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Table 1.  Effects of having been vaccinated against Pasteurella on average daily gain, 
frequency of treatment for illness, and lung scores of feedlot heifers grouped by 
duration of time spent at the feed bunk 
 Bunk attendance outcome groupa

 Low Medium High 

 Control Vaccinate
d Control Vaccinate

d Control Vaccinat
ed 

Average daily gain, kg 2.54f 2.64d  2.57e 2.63d  2.61d 2.61d

Treatments for illnessb 1.57d 1.04e  0.60f 0.43h  0.58f 0.48g

Lung scorec 0.18d 0.09g  0.17e 0.09g  0.14f 0.08g

aIndividual animals were grouped as Low, Medium, and High on the basis of their 
overall bunk attendance durations totalling more than one SD below the mean, 
within one SD of the mean, or more than one SD greater than the mean, 
respectively. 

bNumber of times animals were pulled from the group pen for treatment of illness, as 
identified by pen checkers. 

cScored as:  0 = no lesion; 1 = lesion(s) present. 
d-hWithin a row, means lacking common superscripts differ (P < 0.05). 
 
 

Table 2.  Effect of adaptation protocol (number of step-up diets) fed during adaptation 
from 40% to 90% dietary concentrate on ADG of feedlot cattle 

 Adaptation protocola

 Rapid Moderate Gradual 
SE 

No. of heifers 40 40 40  

Daily gain, kgb     

 Day 1 to 34c 1.28e 1.51d 1.39de 0.063 

 Day 35 to 69 2.03d 1.76e 1.86de 0.064 

 Overall (d 1 to d 69) 1.69 1.64 1.63 0.460 
aTransition from 40 to 90% dietary concentrate was achieved using one intermediate 

diet (65% concentrate) fed for 3 d (Rapid), three diets fed over 9 d (Moderate), or 
five diets (48.3, 56.7, 65.0, 73.3, and 81.7%) fed over 15 d (Gradual).  

bCalculated using live animal weights measured on two consecutive days. 
cIntroduction of step-up diets began on d 12. 
d,eWithin a row values lacking a common superscript (P < 0.05). 
From Bevans et al. (unpublished data). 
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Figure 1.   Metabolic consequences of concentrate intake in finishing feedlot cattle on 
ruminal pH and microbial populations of the rumen.  Note that in the majority of animals, 
ruminal pH decreases below 6.0 without a significant increase in ruminal lactic acid 
concentration or in numbers of Streptococcus bovis in the rumen (Schwartzkopf-Genswein 
et al., 2003). 



 

1

10

100

1000

10000

100000

1000000

3 5 7 8 9

Day

ce
ll 

eq
ui

va
le

nt
s 

x 
10

4  /m
l M. elsdenii

B. fibrisolvens
S. bovis

Figure 2.  Changes in the populations of Megasphaera elsdenii, Butyrivibrio fibrisolvens 
and Streptococcus bovis in a single steer adapted from a forage-based to a grain-based diet.  
The first increase in the amount of grain in the diet occurred on day 7.  (From Klieve et al., 
2002). 
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a) 
 

  
 
 
 
b) 

 
 
Figure 3.  The GrowSafeJ feed intake systems used to monitor feeding behaviour of 
individual cattle in a group-penned feedlot setting. a) Diagrammatic representation of the 
GrowSafeJ behaviour system. b) The GrowSafeJ feed intake system (with load cells). 
The feed intake system is presently being widely adapted in bull test centres to enable 
estimation of net feed efficiency for calculations of Expected Progeny Differences. 



 

 61

 
 
 

Figure 4.  Comparisons of feeding behaviours (bunk attendance duration, min/day, and 
frequency of bunk visitation, no. of visits per day) among heifers housed in four feedlot 
pens equipped with the GrowSafeJ radio frequency feed monitoring system: a) Bunk 
attendance of healthy animals as compared with attendance of sick heifers in the 4 d 
preceding their being identified as requiring treatment; b) Comparison of bunk attendance 
of sick heifers (during the 4 d preceding diagnosis) that had or had not been vaccinated 
against Pasteurella upon arrival at the feedlot; c) Comparison of attendance patterns of 
heifers confirmed by post-mortem examination as having or having not developed lung 
lesions; d) Bunk attendance by sick heifers (over the 215 d) grouped by the number of 
times they were identified for removal from pen for treatment of illness.  Heifers remained 
in the treatment (sick) pen were not included in the data.  Heifers were deemed ‘sick’ on 
the basis of visual assessment by an experienced pen checker. 



 

 62

 
 
Figure 5.  Daily variation in DM intake by feedlot steers during a 211-d trial.  Diets 
contained barley silage and barley grain in ratios (as-fed) of 80:20 during growing and 
20:80 during finishing.  Dotted vertical bars delineate the period of transition from 
growing to finishing diets. Two pens (37 steers/pen) were each equipped with radio 
frequency feed monitoring systems.  Steers were deemed to have had High or Low ADG if 
their individual overall ADG differed by more than one SD (higher or lower, respectively) 
from their pen means.  Panels A and B contain data on individual animals from the High (n 
= 9) and Low ADG (n = 13) groups, respectively.  Panels C and D show the group average 
DMI by day.  Bold lines indicate daily feed deliveries (kg DM/steer) in each steer’s pen 
(A, B) or averaged across pens (C, D).  Mean initial and final weights (kg BW ± SD) were 
311.7 ± 50.6 and 577.9 ± 53.7 kg, respectively. 
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Figure 6.  Mean hourly ruminal pH (thin line) and mean daily intake of concentrate (thick 
bars) by heifers during gradual (five step-up diets, 15 d) or rapid (one intermediate diet, 3 
d) adaptation from 40% to 90% concentrate diet.  Values in parentheses are the proportions 
of concentrate in the diets fed (DM basis).  Profiles shown are means for treatment groups 
(n = 6; top panels), and those of the individual heifers in each treatment group deemed to 
have exhibited the most and least effective (middle and lower panels) moderation of 
ruminal pH and maintenance of DMI over the 20-d adaptation periods. On d 4 (asterisk, *) 
one heifer attained a ruminal lactate concentration of 22.3 mM (measured 8 h after 
feeding). 
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Summary of Optaflexx Knowledge and Research Needs 
 

Robbi H. Pritchard, Ph.D. 
South Dakota State University, Brookings 

 

Introduction 
 

It is an embellishment to refer to this as a “summary” of our knowledge of 
Optaflexx.  There has been a substantial amount of in-house testing conducted in the last 
12 months, the results of which are proprietary.  There is also a significant research effort 
on ractopamine underway at universities.  Much of this public research has yet to make it 
to beef reports for consideration.  A consequence of this is that today our “knowledge” 
may be several fold greater than this summary will represent. 
 

New products go through an evolution of application that can continue for years.  
Collectively, the body of private and public research will lead to new insights beyond the 
scope of the original FDA approval process research.  Some of the early indications will 
stand the test of time.  Regardless of the best efforts to make valid evaluations, some early 
results will come to be recognized as false outcomes.  This will occur in both positive and 
negative contexts regarding Optaflexx. 
 

Ractopamine and other β adrenergic agonists have been studied for years.  There is 
an excellent overview of implications of this class of compounds in a previous PNC 
proceedings (Johnson, 2004).  In 2003, Elanco provided us with production data from their 
clearance studies via their Optaflexx Exchange for steers (No. 1), heifers (No. 2), and 
sensory characteristics (No. 3).  Subsequent post-registration studies included more data 
with steers (No. 4), Holsteins (No. 5), and an experiment that evaluated Optaflexx response 
in cattle of different biological types has been reported.  At this juncture, the extent that I 
am willing to characterize what we know and don’t know about ractopamine will be based 
upon these sources of information.   
 

What We Know 
 

Ractopamine (RAC) is biologically active when administered orally to cattle.  The 
most prominent/advocated use at this time is 28 d at 200 mg • d-1.  Fed during the last 28 to 
42 d prior to slaughter, it can cause a 15 to 18 lb increase in hot carcass weight (HCW) 
over controls.  This occurs with no discernable increase in feed intake.  This response is 
sufficient to cause a biologically and economically significant improvement in cumulative 
ADG and F/G, even in cattle fed for 150 d.  This anabolic response has been demonstrated 
in cattle that have had widely varied implant histories.  What we know about mode of 
action of implants and β adrenergic agonists could be interpreted to expect them to be 
additive in growth promotion. 
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The additional carcass weight is as lean tissue and is added as a disproportionately 
higher proportion of added live weight.  As a consequence, more value will be realized if 
cattle are sold on a HCW basis rather than if sold live.  The improvement in carcass lean 
tissue content will not necessarily lead to cutability premiums.  Ribfat depth is frequently 
not affected by RAC and ribeye area (REA) is often unchanged to increased slightly ( < 0.4 
in2).  The effect of RAC on calculated Yield Grade determined using measured variables is 
oftentimes small or nonexistent.  Typical visual assessment of Yield Grade  would make 
no distinction in lean yield. 
 

If RAC has little impact on lipolytic activity of intramuscular adipose tissue, the 
small change in REA should correspond to minimal differences in marbling scores.  The 
Elanco data supports this concept depicting small or no changes in Quality Grades.  The 
value of a slight reduction in marbling would be overwhelmed by the value generated by 
the increase in carcass weight. 
 

Elanco sponsored post-registration studies involved a substantial number of cattle 
fed in a variety of locations.  There were no indications of an increased risk of Standard or 
Dark Cutter carcasses.  Still, we recognize that the potential exists to develop undesirable 
carcass outcomes.  Feeding RAC to swine at the upper end of approved levels is thought to 
contribute to stress-related problems.  Feeding 300 mg • d-1 to steers caused a detectable 
reduction in tenderness in Elanco’s sensory panel study.  Eventually, there will be 
incidents where the alignment, of as yet unrecognized circumstances, will precipitate 
significant, undesirable outcomes.  Based on historical patterns of behavior within our 
industry, we can expect these events to provoke a reaction phase where adverse carcass 
outcomes seem to be an inescapable issue.  In my opinion, we do have sufficient data 
today to know that RAC can be used effectively without causing these problems.  We will 
need to be vigilant to appropriately ascribe responsibility when undesirable outcomes 
occur. 
 

Feeding management logistics make it easier to apply this technology in smaller 
feedlots (fewer pens).  Ractopamine has been deemed acceptable to use in Natural cattle.  
This should cause small and intermediate sized feedlots that cater to specialized feeding 
programs to adopt the technology more rapidly and realize a greater reward than very large 
feedlots. 
 

What We Don’t Know 
 

Keep in mind that we are fortunate that FDA does not require companies to 
establish the “optimum use” in the approval of new compounds.  If that was the case, no 
new feed additives or implants would ever be approved.  Consider the time, experience, 
and thought invested in the evolution of our use of monensin.  No company could ever 
justify the investment made during the last 30 years to reach our current level of 
understanding of the product just to achieve clearance.  That said, where should we target 
our questions as we adopt β adrenergic agonist technology? 
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There is much to consider regarding dose and duration.  It appears that 100 mg • d-1 
is not very effective if fed for 28 d.  Perhaps heifers and Holsteins require 300 mg • d-1.  If 
a class of cattle requires 300 mg to achieve a growth response comparable to 200 mg 
treated steers, would the dosage that affects sensory traits also be elevated?  In these types 
of cattle, can more days at 200 mg • d-1 achieve the same results as 300 mg • d-1 for fewer 
days?  Is there predictive value in a calculation of total milligrams needed to achieve a 
desired response?  Will total milligrams fed predict the point of diminishing receptor 
response or the point of sensory trait effects, even if it does little to predict gain response? 
 

The dose and duration curve should be re-evaluated, including more duration data, 
especially at days 21 and 35.  An argument could be made that existing 0, 28, and 42 d 
data reflect a break point response rather than the quadratic response originally published 
by Elanco.  Borrowing from the swine industry, and what is known about cellular changes 
during exposure we should test ramped dosages as well.  Is 100 mg effective for the initial 
7 to 14 d if it is followed by 200 or 300 mg? 
 

A more immediate and applied concern is to define tolerance windows for RAC 
intake.  A feedlot may have pens of 1100 lb steers consuming 18 lb DM and 1400 lb steers 
consuming 28 lb DM that are to be sold in 30 d.  The diet is formulated at 19 g RAC/T 
assuming an average 21 lb DMI of all pens on that batch of feed.  The light steers are then 
receiving 171 mg • d-1, the big steers are receiving 266 mg • d-1.  Three obvious questions 
are:  1) Does the dose, as mg • d-1 need to vary or hold constant as cattle size or appetite 
vary; 2) Where is the cutoff on mg • d-1  set by cost and gain response before batches must 
be re-formulated to accommodate high or low intake pens; and 3) Is there a point where the 
product will no longer be cost effective in lower intake, lower performance cattle? 
 

There is little knowledge regarding adequacy of current final diets to allow a full 
response to RAC.  The swine industry has had to increase CP and lysine to get the full 
effect of RAC.  I expect the CP question to be heavily researched, to generate 
contradictory outcomes, and to be debated for a very long time.  There should be serious 
consideration given to diet energy density.  To generate additional lean mass with no 
change in DMI requires a substantial repartioning of energy away from adipose.  The 
Elanco carcass composition study infers that RAC-fed cattle lose adipose mass during 
RAC exposure (Table 1).  Using body fat stores as fuel for growth is an energy cost.  
Higher energy diets may ameliorate the need for lipolysis to provide sufficient energy for 
anabolic processes.  It is too early to tell if it is merely coincidental that ractopamine 
responses reported by Elanco were lower in the studies where lower NEG diets were fed. 
 

There are many other points to consider about targeting high or low response 
situations.  Will efficacy differ in calf-feds still demonstrating true growth versus long 
yearlings where virtually no true growth is occurring immediately prior to harvest?  Will 
fatter cattle have lower responses?  Are we getting compensated fairly for producing a 
higher cutability product?  Optaflexx is a relatively expensive input.  Because of this, we 
need to consider the no response rate.  Any of the technologies we currently use in cattle 
feeding are subject to a failure or no response rate.  Cost-benefit relationships in most 
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currently used technologies have been so wide that failure rate is overlooked.  In the case 
of Optaflexx, the input cost is high enough to justify determining failure rate.  If that rate is 
sufficiently high, it would be worthwhile to identify predictors of such events so they may 
be prevented. 
 

Optaflexx clearance was a long and arduous process.  Elanco is to be commended 
for their diligence and for the body of data they have provided with the product.  The 
biological efficacy of ractopamine and a justification for its use have been well 
documented.  The point of the questions posed here is not an expression of concern about 
the product. They were intended to provoke thoughts on how best to use this new tool in 
commercial cattle feeding.  The development and evolution of Optaflexx applications will 
make the next three years an interesting time for feedlot managers, nutritionists, packers, 
and academics. 
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Table 1.  Extrapolation from carcass composition data to carcass mass changes with 
exposure to ractopamine. 
 

Control 
Ractopamine 

(200 mg) 
Carcass Mass 

Change, lb 
HCW, lb 800 815 15 
Lean, %a 67.34 69.06  
Lean, lb 538.7 562.8 24.1 
Fat, %a 31.20 29.53  
Fat, lb 249.6 240.7 -8.9 
    

Heifers Control 
Ractopamine 

(300 mg) 
Carcass Mass 

Change, lb 
HCW 750 761 11 
Lean, %b 66.66 68.14  
Lean, lb 500.0 518.5 18.5 
Fat, %b 32.19 30.38  
Fat, lb 241.4 231.2 -10.2 
a Derived from Optaflexx Exchange No. 1, Elanco 
b Derived from Optaflexx Exchange No. 2, Elanco 
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Factors Influencing Assimilation of Dietary Starch in Beef Cattle 
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Summary 
 

• The process of starch assimilation in the ruminant is complex and remains an 
avenue by which increases in production efficiency can be gained.   

• Ruminal starch digestion is typically 75 to 80% of starch intake.  Starch that 
escapes fermentation and flows to the small intestine may be more resistant to 
enzymatic digestion.  On average, 35 to 60% of starch entering the small intestine 
is degraded there, and of the fraction that escapes small intestinal digestion, 35 to 
50% is degraded in the large intestine. This suggests that limitations to small 
intestinal starch digestion do exist.   

• Small intestinal digestive efficiency typically limits responses to shifts in site of 
digestion. 

 
Introduction 

 
The ruminant digestive system provides the powerful advantage of pregastric 

fermentation that enables the use of structural carbohydrates and the production of 
microbial protein to meet the needs of the host.  This complexity of ruminant digestion 
also offers a challenge towards optimizing nutrient supply for the host.   Despite the 
advantages for use of structural carbohydrates, this system is not designed for use of non-
structural carbohydrates.  Pregastric fermentation results in fermentation losses of 13-18% 
of gross energy (Harmon and McLeod, 2001) and is at risk of carbohydrate overload if 
excessive amounts are consumed (Dunlop, 1972).  Energetically, small intestinal digestion 
offers efficiency advantages over ruminal fermentation of non-structural carbohydrates, 
thus digestion in the small intestine must be maximized.  However, maximum small 
intestinal digestion does not simply refer to the quantity of starch digested.  Increasing 
starch flow to the small intestine may be accompanied by decreased total tract digestion 
(Theurer, 1986).  Maximum starch flow to the small intestine may also result in greater 
quantities of starch flowing to the large intestine; digestive efficiency in the large intestine 
is least and thus large intestinal digestion should generally be avoided (Harmon and 
McLeod, 2001).  We must be able to optimize digestion in the different regions of the 
gastrointestinal tract if nutritionists are to formulate diets for optimum efficiency of 
digestion in the total tract.  To achieve this we must understand the limitations of the 
animal to digest and absorb both structural and non-structural carbohydrates.  The goal of 
this review is to describe factors affecting intestinal starch availability and use in cattle.  
Greater emphasis will be given to the animal rather than the diet, and to digestion in the 
small intestine as this is where the greatest energetic advantages are to be gained. 
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Grain Characteristics 
 

While a detailed analysis of starch structure is beyond the scope of this paper, a 
rudimentary understanding is necessary to integrate the properties of the starch in feed 
grains with the digestion processes occurring in the animal.  The first impediment to 
digestion is the seed coat; this is generally overcome with processing but whole corn is still 
routinely fed.  The second obstacle to digestion depends on how the starch is packaged 
within the kernel.  

 
Starch structure, while simple in concept, is in fact quite complex.  Amylose, the 

linear chain of glucose, is composed of α-1, 4 linked glucose molecules.  Amylopectin is 
comprised of α-1, 4 glucose chains with α-1, 6 linked glucose molecules every 20-30 
glucose units, producing a highly branched polysaccharide with relatively short linear 
chains.  While the distribution of these molecules varies with starch source (Table 1) most 
feed grains are typically 75% amylopectin.  The packaging of these two molecules into 
plant starch occurs in granules that are semi-crystalline in nature and are organized as 
layers with “crystalline” regions composed of primarily amylopectin and “amorphous” 
regions of mostly amylose.  Amylose and amylopectin are held together within the starch 
granules by extensive hydrogen bonding.   Enzyme access to the crystalline regions of raw 
starch is limited and the altering of this structure is one means whereby steam flaking 
improves starch availability. 
 
Table 1.  Distribution of Amylose and Amylopectin in Various Starch Sources. 

 
 Corn Waxy Corn Wheat Potato Tapioca 
Amylose, % 25 1-5 25 20 17 
Amylopectin, % 75 95-99 75 80 83 
 
 

Considerable effort has been expended in recent years examining the impact of 
corn genotype on starch availability.  Almost all of the kernel area is comprised of 
endosperm, the structure containing starch granules surrounded by a protein matrix.  The 
protein profile of this protein matrix determines whether the endosperm can be defined as 
floury or vitreous.  Starch granules in vitreous endosperm are imbedded in an insoluble 
protein matrix whereas granules in floury endosperm are more loosely associated with a 
soluble protein matrix.  Dent corn types tend to have a greater percentage of floury 
endosperm which is more accessible than the vitreous endosperm in flint corn varieties.  
Philippeau et al. (1999a) estimated ruminal starch degradation using in situ disappearance 
and found that ruminal starch digestion ranged from 40 to 77% for 14 varieties of corn.  
These same authors (Philippeau et al., 1999b) also compared the digestibility of wheat with 
dent and flint corn using intestinally cannulated steers.  Ruminal starch digestibility 
(Figure 1) decreased from 87% for wheat to 61 and 35 % for dent and flint corns, 
respectively.  Small intestinal starch digestibility ranged from only 23 to 27%; however, 
starch digestibility in the large intestine ranged from 48% for dent corn to over 65% for 
flint corn.  Because flint corn markedly reduced ruminal starch digestibility the amount of 
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Figure 1.  Digestibility of starch in the rumen, small intestine (SI). and large 
intestine (LI) of steers (Philippeau et al., 1999b). 

 
starch digested in the large intestine was approaching 1 kg per day.  Large intestinal 
fermentation of up to a kilogram per day of starch is certainly indicative of a limited 
capacity for small intestinal starch assimilation.  These limitations are exacerbated when 
the starch is inherently refractory to digestion such as with vitreous endosperm in flint 
corn.    
 

Intestinal Starch Assimilation 
 
Pancreatic α-Amylase 

The process of intestinal starch assimilation begins in the lumen of the small 
intestine with the secretion and action of pancreatic α-amylase.  α-Amylase is synthesized 
in the pancreatic acinar cells.  Once synthesized,  α-amylase and other enzymes are 
packaged into zymogen granules and stored until a stimulus signals the cell to initiate an 
exocytosis event to release the enzymes into the duodenum.  α-Amylase is an 
endoglucosidase, meaning it does not require free ends of amylose chains for activity but is 
capable of hydrolyzing internal α-1, 4 glucosidic bonds.  Bovine α-amylase has reported 
characteristics similar to those of non-ruminant α-amylase; Michaelis constants and 
activation energies are similar (Clary et al., 1968) with a pH optimum of 6.9 (Russell et al., 
1981).  Products of luminal starch digestion by α-amylase are a mixture of maltose, 
maltotriose and various limit dextrins (Harmon, 1993). 

 
Because ruminants evolved as cellulose fermenters it has long been thought they 

have a limited ability for intestinal starch assimilation.  At birth calves have low 
concentrations of pancreatic α-amylase (Siddons, 1968) which increases with age (Morrill 
et al., 1969), concurrent with increased total pancreatic secretion with increasing age 
(McCormick and Stewart, 1966).  It is thought that the near continuous flow of digesta in 
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ruminants minimizes large diurnal fluctuations in intestinal flow and pancreatic juice 
secretion that occur in the nonruminant.  Nutritional regulation of pancreatic enzyme 
output must therefore result in changes in pancreatic enzyme synthesis to impact intestinal 
enzyme supply. 

 
Early experiments evaluating effects of concentrate or forage-based diets on 

concentrations of pancreatic α-amylase were confounded by energy intake.  Clary et al. 
(1969) maintained steers (24 each group) on pasture or an all-concentrate diet for 126 days 
prior to slaughter.  Steers consuming the all-concentrate diet had 40% higher α-amylase 
activity in pancreatic tissue than those maintained on pasture.  A similar tendency was 
reported for sheep (6 per group) fed either dried grass or ground corn-based diets for 4 
weeks (Janes et al., 1985); pancreatic α-amylase concentration was 34% greater in lambs 
consuming the ground corn-based diets.  

  
Russell et al. (1981) were the first to evaluate the effects of diet or energy intake on 

postruminal digestive enzymes.  Steers were fed either alfalfa hay to meet maintenance 
energy requirements or a corn/corn silage-based diet fed at one, two, or three times their 
maintenance energy requirements.  At equal energies, the corn/corn silage-based diet 
slightly reduced pancreatic α-amylase concentrations compared to alfalfa hay.  Increasing 
intake of the corn/corn silage-based diet from one to two times maintenance energy 
increased pancreatic α-amylase concentrations approximately two-fold, but there were no 
further increases in pancreatic α-amylase concentrations as energy intake increased to three 
times maintenance energy.  To evaluate the interactions of diet composition and energy 
content on pancreatic α-amylase concentration, calves were fed either 90% forage (alfalfa) 
or 90% grain (wheat:sorghum) diets at one or two times maintenance energy intake for 140 
d (Kreikemeier et al., 1990).  Regardless of diet, increasing energy intake (from one to two 
times maintenance energy) increased pancreatic α-amylase concentration (55%) and total 
content of α-amylase in the pancreas (140%).  However, both pancreatic α-amylase 
concentration and total content of α-amylase in the pancreas were lower in calves 
consuming the 90% grain diet compared with those fed forage (34 and 44%, respectively).  
Compared to grain-fed calves, calves fed forage had greater concentrations of α-amylase in 
the small intestinal digesta (34%) and greater total content of α-amylase in the small 
intestinal digesta (50%), indicating greater pancreatic secretion of α-amylase.  These 
results agree with those of Russell et al. (1981) which compared forage and grain at 
maintenance energy intakes. The decreases in pancreatic α-amylase concentrations with 
greater starch intake observed by Kreikemeier et al. (1990) are in contrast to other reports 
indicating greater pancreatic α-amylase concentrations with increased starch intake (Clary 
et al., 1969; Janes et al., 1985); however, the experiments that suggested greater pancreatic 
α-amylase as starch intake increased also had concurrent increases in total energy intake.  

 
Concentration and secretion of pancreatic α-amylase can be manipulated 

nutritionally, but experiments to determine the exact regulatory mechanisms in ruminants 
are lacking. Attempts have been made to investigate the regulation of α-amylase secretion 
by infusing carbohydrate post-ruminally.  Chittenden et al. (1984) infused either glucose, 
maltose, or starch (200 g/d) into the duodenum of wethers for up to 23 d while monitoring 



 

 73

pancreatic α-amylase secretion.  Glucose infusion increased pancreatic α-amylase secretion 
at 16 d but not at 23 d.  Maltose infusion did not change pancreatic α-amylase secretion at 
either 16 or 23 d, whereas starch infusion decreased pancreatic α-amylase secretion at both 
time points.  To my knowledge, this was the first report to suggest that increased small 
intestinal starch could result in decreased secretion of pancreatic α-amylase.   

 
To further define the relationship between intestinal carbohydrate supply and 

pancreatic enzyme secretion, Walker and Harmon (1995) infused a partially hydrolyzed 
starch solution or water into either the rumen or abomasum of steers fitted with pancreatic 
cannulas.  Abomasal infusion of partially hydrolyzed starch decreased secretion of 
pancreatic α-amylase by 60% compared with control water infusion.  This decrease 
occurred despite greater (19%) pancreatic juice secretion in steers with abomasal 
carbohydrate infusion.  Abomasal carbohydrate infusion also increased portal blood 
glucose concentrations; however, insulin concentrations were unaffected.  It is clear that 
increasing small intestinal carbohydrate can decrease pancreatic α-amylase secretion, but it 
is unclear if the negative effects of carbohydrate occur because of increased carbohydrate 
in the small intestinal lumen or result from increased absorbed glucose. To test this 
hypothesis Swanson et al. (2002b) abomasally infused water, glucose, or partially 
hydrolyzed starch in steers fitted with pancreatic cannulas.  Similar to the experiment 
(Walker and Harmon, 1995), infusion of both carbohydrate sources increased pancreatic 
juice secretion but resulted in linear decreases in pancreatic α-amylase secretion compared 
to control water infusion.  This indicates that complex carbohydrate in the lumen of the 
gastrointestinal tract is not solely responsible for the down-regulation of α-amylase 
secretion because similar changes are elicited by glucose.  Whether the negative effects of 
luminal carbohydrate (both simple and complex) on pancreatic α-amylase secretion occur 
via luminal or post-absorptive effects remains unclear. 

 
Both high-starch diets (Kreikemeier et al., 1990) and postruminal carbohydrate 

infusion (Swanson et al., 2002b; Walker and Harmon, 1995) have consistently reduced 
pancreatic α-amylase concentration and/or secretion in cattle.  Attempts to study the 
dietary regulation of α-amylase in sheep have produced different results.  Janes et al. 
(1985) fed sheep grass or corn-based diets and found only a tendency for an increase in 
pancreatic α-amylase.  Swanson et al. (2000) fed lambs either forage or concentrate based- 
diets at 1.2 or 1.8 times net energy for maintenance requirement.  Diet had little impact on 
pancreatic α-amylase with the exception of the high-energy, high-starch diet; lambs 
receiving this diet had higher pancreatic α-amylase activity and greater amounts of α-
amylase protein but the lowest amounts of α-amylase mRNA.  These differences 
demonstrate the complexity of α-amylase regulation and indicate that nutritional influences 
on enzyme regulation may not be comparable between different species of ruminants. 

 
Other luminal nutrients may interact with small intestinal carbohydrate 

assimilation.  Taniguchi et al. (1995) infused casein and starch post-ruminally in steers and 
demonstrated that glucose supply from the portal-drained viscera was increased in the 
presence of casein.  This suggested that casein (or protein) may somehow improve 
intestinal starch disappearance.  Abomasal infusion of starch with casein increased starch 
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disappearance from the small intestine of steers compared to starch infusion alone 
(Richards et al., 2002).  Further research showed that pancreatic α-amylase secretion also 
increased with absomasal casein infusion (Richards et al., 2003).  These experiments 
demonstrated that casein (protein) influences the regulation of pancreatic α-amylase.  To 
study how casein and starch interact to affect pancreatic α-amylase, calves were infused 
abomasally with starch and/or casein and the pancreas was collected at slaughter for 
analysis (Swanson et al., 2002a).  Starch infusion decreased pancreatic α-amylase activity 
(63%), protein content (71%) and tended to decrease α-amylase mRNA.  These changes 
are consistent with previous results in cattle (Swanson et al., 2002b; Walker and Harmon, 
1995).  However, casein infusion increased pancreatic α-amylase activity (28%), protein 
content (38%) and increased α-amylase mRNA (69%).  Infusion of both starch and casein 
decreased pancreatic α-amylase activity (53%), protein content (79%) and α-amylase 
mRNA (21%).  Thus, the beneficial effects of casein on pancreatic α-amylase were not 
maintained when starch was infused.  To determine how these changes in pancreatic 
enzyme content would relate to pancreatic enzyme secretion an additional experiment was 
performed using steers with pancreatic cannulas (Swanson et al., 2004).  Infusion of starch, 
with or without casein, increased secretion of pancreatic juice and decreased the α-amylase 
concentration in pancreatic juice compared to control water infusion, but total secretion of 
α-amylase was unchanged because of the increase in total juice secretion.  Casein infusion 
increased α-amylase secretion compared to control only when starch was not also infused.  
Starch infusion, in addition to increasing secretion of pancreatic juice, increased plasma 
concentrations of insulin and cholecystokinin (CCK) but reduced plasma glucagon 
concentration compared to control.  Casein infusion increased plasma insulin 
concentration, reduced plasma CCK concentration, and did not affect plasma glucagon 
concentration compared to control.  These differences show that pancreatic enzyme content 
and secretion can be manipulated nutritionally.  

  
The relationship between pancreatic α-amylase and casein is difficult to explain.  

Pancreatic α-amylase secretion in non-ruminants responds to increased dietary starch 
similar to how pancreatic α-amylase secretion in ruminants responds to casein (Brannon, 
1990).  The failure to maintain increased pancreatic α-amylase secretion when casein and 
starch are combined suggests that it may be difficult to increase pancreatic α-amylase 
secretion through formulation of practical diets.   
 
Mucosal enzymes 

There is comparatively little information available describing the regulation and 
composition of the mucosal dissaccharidases.   The information has been reviewed 
(Harmon, 1993) and I will only briefly touch on it here.   

 
There are four proteins possessing carbohydrase activity in the small intestinal 

mucosa of the non-ruminant.  Sucrase-isomaltase contributes approximately 80% of the 
mucosal maltase activity and maltase-glucoamylase contributes 20% (Galand, 1989).  
Trehalase also contributes α-glycosidase activity (Kreikemeier et al., 1990) but it’s 
nutritional significance has not been established.  The fourth nutritionally important 
carbohydrase is lactase.  The ruminant possesses a similar complement of enzyme 
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activities to the non-ruminant, with the exception of sucrase (Kreikemeier et al., 1990).  
The sucrase-isomaltase gene has been characterized in the bovine (Threadgill and 
Womack, 1991) but the sucrase subunit is apparently not expressed.  Neither the sucrase-
isomaltase nor the maltase-glucoamylase proteins have been characterized in the ruminant.  
Studies characterizing these proteins and their regulation in ruminants are needed before 
we can understand limitations to intestinal carbohydrate assimilation.   

 
Research has shown that neither energy or starch intake influences the 

concentration of dissacharidases in mucosal tissue from sheep and cattle (Janes et al., 
1985; Kreikemeier et al., 1990; Russell et al., 1981).  Maltase specific activity is highest in 
the mid-small intestine and declines abruptly towards the ileum.  These experiments show 
a rather limited capacity of the intestinal mucosa to alter dissaccharidase activities in 
response to changes in diet. However, dramatic changes in small intestinal maltase 
activities have been reported for wethers fed alfalfa hay and infused duodenally with 
glucose to supply 60, 120, or 180 g/d (McNeill et al., 1974).  As glucose infusion increased 
from 0 to 180 g/d, small intestinal maltase concentration increased 28-fold after 2 d of 
infusion of 180 g/d glucose, but then decreased to approximately two-fold the initial 
concentration by 5 d after infusion of 180 g/d glucose. Other examples of increases in 
mucosal maltase in animals infused post-ruminally with carbohydrate have been variable.  
Bauer et al. (2001b) reported greater jejunal maltase in sheep infused abomasally with 
partially hydrolyzed starch but in cattle jejunal maltase decreased in the same experiment 
or was unchanged in a companion experiment (Bauer et al., 2001a).  An additional 
experiment infusing various forms of carbohydrate post-ruminally in steers for 40 days 
reported increased maltase for steers receiving both glucose and partially hydrolyzed starch 
(Rodriguez et al., 2004).  These latter studies (Bauer et al., 2001a; Bauer et al., 2001b; 
Rodriguez et al., 2004) report maltase measured in isolated enterocytes.  While these may 
provide a more sensitive assay, it also would focus on enterocytes easily dislodged from 
the villus.  However, all approaches indicate that mucosal enzymes in the ruminant are 
highly variable and most do not respond to dietary manipulation. 
 
Glucose transport 

Comparatively few aspects of the process of glucose absorption have been 
described in detail for ruminants.  General aspects for ruminants have been reviewed 
(Harmon and McLeod, 2001) and only a brief description will be included here.  Excellent 
detailed reviews describing the structure and function of the Na+-dependent glucose 
transporter (SGLT1) are available (Hediger and Rhoads, 1994; Wright, 1993).  

 
Several processes have been proposed for the entry of luminal sugars into the 

vasculature draining the small intestine.  A mechanism of absorption has been proposed 
whereby sugars exit the lumen via the intercellular spaces, a process termed solvent drag 
(Madara and Pappenheimer, 1987; Pappenheimer, 1990; Pappenheimer and Reiss, 1987).  
For this process to occur, luminal glucose must be present at high concentrations (>25 
mM) and concentrations must exceed approximately 200 mM before paracellular 
absorption would exceed active transport, (Pappenheimer and Reiss, 1987) which may not 
occur under physiological conditions(Ferraris et al., 1990). However, these processes may 
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indeed contribute in experiments where glucose is infused post-ruminally (Kreikemeier et 
al., 1991; Kreikemeier and Harmon, 1995). 

 
The second means whereby sugars may cross the luminal membrane is the 

facilitated transporter GLUT5.  This transporter is responsible for the entry of fructose into 
the intestinal enterocytes (Burant et al., 1992) but does not transport glucose or galactose.  
Because it is a facilitated transporter, GLUT5 will transport fructose down a concentration 
gradient.  Fructose, a component of sucrose, could represent a significant contribution to 
the supply of luminal carbohydrate in humans.  However, its significance in ruminants is 
unknown since little fructose passes to the small intestine in typical ruminant diets.     

 
The third transporter that contributes to sugar entry and exit from enterocytes is 

GLUT2.  This transporter is present in the basolateral membrane and serves as the major 
route of glucose exit from the cells as well as entry of glucose from the blood into 
enterocytes (Thorens, 1993).  Fructose also crosses the basolateral membrane via the 
activity of GLUT2 (Cheeseman, 1993).  Recent evidence in rodents also suggests that 
GLUT2 insertion into the luminal membrane of enterocytes can occur when glucose uptake 
(via the Na+-dependent glucose transporter, SGLT1) increases and luminal concentrations 
of glucose are high (Helliwell and Kellett, 2002).  This mechanism could significantly 
contribute to glucose uptake by the intestine with high concentrations of luminal glucose 
but has not been characterized in ruminants.  

 
The fourth and primary means by which glucose crosses the brush-border 

membrane is via the Na+-dependent glucose transporter, SGLT1 (Hediger and Rhoads, 
1994).  The SGLT1 transporter is a high affinity glucose transporter (Km 100 µM; 
(Wright, 1993) that couples glucose transport to an inwardly directed Na+ gradient.  This 
Na+ gradient is maintained by Na+-K+-ATPase in the basolateral membrane. 

 
Ruminants possess a Na+-dependent, saturable system of glucose transport 

(Crooker and Clark, 1986; Moe et al., 1985).  Zhao et al. (1998) prepared brush border 
membrane vesicles (BBMV) from lactating dairy cows and observed SGLT1 activity 
throughout the intestine.  They also determined SGLT1 expression in several tissues and 
found high amounts in the stomach tissues, rumen and omasum, as well as in the intestinal 
tissues (duodenum, jejunum and ileum).  Whether this expression is translated into protein 
activity has not been demonstrated.  This transporter could play a role in maintaining Na+ 
and water balance in these tissues (Loo et al., 1999) if it was active.   
 
Nutritional influences on transport 

Lambs differing in age and rumen development have been used to measure glucose 
and galactose disappearance from isolated intestinal loops (Scharrer et al., 1979a) and 
uptake has been measured in vitro using isolated pieces of jejunum (Scharrer et al., 1979b).  
Both experiments demonstrated that sugar uptake was greater in milk-fed lambs compared 
with conveniently fed.  The rate of absorption decreased as age increased, and decreased 
most in the distal small intestine (Scharrer et al., 1979b).  Similar conclusions were drawn 
by Shirazi-Beechey et al. (1989) using lambs at 1- and 3-wks-old (milk-fed), 5-wks-old 
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(transition period) and 12-wks-old (ruminant).  Na+-dependent glucose transport was 
present in all regions of the small intestine in preruminant lambs, but was absent in the 
small intestine of ruminant lambs. In a more detailed report of developmental changes in 
glucose transport in the lamb, Shirazi-Beechey et al. (1991) found that glucose transporter 
activity peaked at 2-wks of age and declined to negligible levels by 8-wks of age.  This 
decrease in glucose transporter activity was maintained at 2 to 3-yr of age in adult sheep; 
however, the decline could be prevented by maintaining the lambs on a milk-replacer diet 
beyond the normal weaning period.  Furthermore, when 2 to 3 yr-old sheep were 
intraduodenally infused with a 30 mM glucose solution for 4 d, glucose transporter activity 
in brush border membrane vesicles (BBMV) increased 40 to 80-fold.  This increase in 
glucose transporter activity was accompanied by an increase in abundance of SGLT1 
protein in the brush-border membrane.  This was the first study to demonstrate that the 
presence of glucose in the intestinal lumen regulates glucose transporter expression in the 
brush-border membrane of ruminants. 

 
While an adaptive response to increased luminal glucose is indicative that 

ruminants can increase their capacity for carbohydrate assimilation, adaptive responses to 
starch in the intestine have been less clear (Bauer et al., 1995; Mayes and Orskov, 1974).  
Bauer et al. (2001b) used cattle and sheep in an experiment to study adaptation of glucose 
transport in the proximal jejunum.  Animals were fed fescue hay and infused either 
ruminally (control) or abomasally (adapted) with a partially hydrolyzed cornstarch solution 
for 7 d.  Animals were killed and 1 m of jejunum was harvested and used to prepare 
BBMV.  Animals that were adapted to the hydrolyzed starch (infused abomasally) had 
higher (2-fold) rates of Na+-dependent glucose transport.  This increased Na+-dependent 
glucose transporter activity was greater in sheep than in cattle.  This adaptive response was 
studied in more detail in a second experiment using 13 steers (Bauer et al., 2001a).  Steers 
were fed fescue hay and infused for 7 d either ruminally (control, n=6) or abomasally 
(adapted, n=7) with a partially hydrolyzed cornstarch solution.  On d 7 steers were killed 
and the entire intestine removed and 5 equally spaced, 1-m segments of small intestine 
were used for BBMV preparation and analysis of SGLT1 activity.  In this experiment, 
adaptation did not affect SGLT1 activity in the small intestine.  Activity of SGLT1 was 
greatest in the mid jejunum and declined towards the ileum.  Similar results were seen in 
another experiment where steers were infused for 35 d either ruminally or abomasally with 
water, starch hydrolysate or glucose (Rodriguez et al., 2004).  The intestine was removed 
at slaughter and BBMV were prepared from 5 sites throughout the small intestine. There 
was no effect of treatment on small intestinal glucose transport.  These experiments 
question the ability of the small intestine of cattle to upregulate glucose transporter activity 
in the presence of complex carbohydrates. 

 
Optimizing Site of Digestion Advantages of the Small Intestine 

 
The dilemma we face as nutritionists is how to take advantage of the increased 

efficiency of small intestinal digestion.  In order to evaluate the impact of site of digestion 
on energetic efficiency (McLeod et al., 2001) determined energy retention in steers 
receiving ruminal versus abomasal starch infusions for 28 days, and from these animals 
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they estimated partial efficiencies of infused substrates using indirect calorimetry.  
Abomasal infusion resulted in a partial efficiency of 0.60 whereas ruminal infusions 
resulted in a partial efficiency of 0.48.  It was known that the amounts of starch infused 
abomasally in these experiments would not exceed the capacity of the small intestine to 
digest the starch and absorb glucose (Branco et al., 1999).  These data demonstrate that an 
energetic advantage can be gained if starch is digested and absorbed in the small intestine.  
At the very least we should avoid digestion in the large intestine because of its low 
efficiency of nutrient utilization (Owens et al., 1986).  Zinn et al. (2002) summarized 
available literature and suggested that post-ruminal starch digestion appears to be limited 
by accessibility of the amylolytic enzymes and not limitations in the amount of enzymes.  
It is clear that processing, particularly steam-flaking enhances digestive efficiency.  
However, starch that escapes digestion in the small intestine is extensively fermented in 
the large intestine (Philippeau et al., 1999b), indicating that additional starch is potentially 
available in the small intestine.  It has not been demonstrated that additional amylolytic 
activity would improve digestion in the small intestine (Remillard et al., 1990), suggesting 
that either mucosal enzymes or glucose transport may be limiting assimilation.  To apply 
these concepts in practice we need an accurate depiction of small intestinal digestion.  We 
need to predict starch flow and disappearance from the small intestine at the time of diet 
formulation.  Based on our current methods, adequate means of reliably assessing small 
intestinal digestion are not available.  Without the ability to accurately describe and predict 
small intestinal starch digestion we cannot optimize starch digestive efficiency.  We can 
only hope to avoid fecal starch excretion through grain processing and nutritional 
management. 
 

Another factor complicating our ability to predict small intestinal starch digestion 
and glucose absorption is the changing visceral metabolism.  Just because starch 
disappears in the small intestine does not mean in contributes to absorbed glucose 
(Kreikemeier et al., 1991).  To determine how site of starch digestion interacts with 
visceral glucose metabolism, steers were infused either ruminally or post-ruminally with 
starch (Harmon et al., 2001).  Visceral nutrient flux and glucose metabolism were 
measured while infusing 14C-glucose.  Based on an estimated small intestinal digestibility 
of 90% for the infused starch (Branco et al., 1999), estimates of net portal-drained visceral 
glucose absorption indicated that from 38 to 56% of the infused carbohydrate was 
presented to the liver as glucose.  However, when the estimates were corrected for changes 
in visceral glucose metabolism this estimate increased to 77%.  Measuring glucose net 
absorption and visceral metabolism may provide more meaningful and precise estimates of 
small intestinal starch availability, upon which we can begin to build much needed dietary 
predictions and thereby improve digestive efficiency.  We need data such as these in beef 
and dairy cattle with high levels of feed consumption.  
 

Starch Supply 
 

Rumen 
 In order to better understand and describe factors that affect the digestion of starch 
in the small intestine we reviewed available literature and compiled estimates of intestinal 
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digestion.  We limited our search to studies that 1) used cattle and, 2) measured starch 
specifically and 3) reported small intestinal starch digestion.  A summary of these data are 
included in Table 1.  Data were adjusted for experimental differences using the procedures 
described by St. Pierre (2001).  These adjusted equations were created using the Mixed 
model procedure which accounted for the random effect of study.   
 

The data show that across all experiments the simple arithmetic means for ruminal 
digestibility were approximately 80% (Table 2) while the adjusted slope indicates that 
digestion on average was 77% (Figure 2). 
 
Table 2.  Summary of experiments that measured intestinal starch digestion in cattle 
(n=79)1

Item Mean SEM 

Body Weight, kg 326 11 

Dry Matter Intake, g/d 6,381 316 

Starch Intake, g/d 3,160 116 

Ruminal Digestibility, percent of intake 79.5 1.1 

Small Intestinal Digestibility, percentage of entering 61.9 2.9 

Large Intestinal Digestibility, percentage of entering  46.9 2.5 

Total Tract Digestibility, % 94.8 0.6 
 

1 References include: ((Axe et al., 1987); (Garcia et al., 2000); (Hill et al., 1991); (Karr et 
al., 1966); (Hibberd et al., 1985); (Palmquist et al., 1993); (Streeter et al., 1989); (Streeter 
et al., 1990); (Streeter et al., 1991); (Streeter and Mathis, 1995);  (Swingle et al., 1999); 
(Theurer et al., 1999); (Zinn, 1988);(Zinn, 1989); (Zinn, 1990); (Zinn, 1991)).  

 
 

We separated the data into those that involved sorghum grain based diets (n = 42) 
and non-sorghum (primarily corn and barley) to determine if the sorghum grain-based 
diets, which are inherently less digestible, influenced the analysis. The slope of the 
regression for sorghum was lower, 0.75 while the slope for the non-sorghum containing 
diets was higher, 0.80.  However, this difference was smaller than one might expect.  There 
was no relationship between starch intake and ruminal digestibility (slope = -0.0007) 
indicating that at least for the range of intakes employed in the metabolism studies ruminal 
digestion was not limited. 
 
Small intestine 

The summarized data show that small intestinal digestibility averaged 62% (Table 
1) while the adjusted slope indicated that small intestinal digestibility was 40% (Figure 3). 
This large difference was largely the result of the variation in the small intestinal data (r2 = 
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0.36) and the tendency for small intestinal digestion to decline at the higher intakes.  This 
could also be demonstrated by regressing small intestinal digestibility and starch intake.  
This relationship yielded a negative slope (slope = -0.023) indicating a declining small 
intestinal digestibility with increasing starch intake.  The decline in small intestinal 
digestibility with increasing starch supply was greater for the corn and barley (slope = -
0.03) diets than the sorghum (slope  = -0.02).  This could have been influenced by the 
greater potential digestibility for the corn and barley diets as indicated by the intercepts, 89 
versus 72%. The large amount of variation in the small intestinal digestibility data 
illustrates that improvement is needed in our ability to measure and subsequently predict 
small intestinal digestion.  
 
Large intestine 

The large intestine also yielded a very good relationship between starch entering 
and starch digested (Figure 4).  The results were similar for both sorghum and non-
sorghum containing diets (46 versus 44%, respectively).   

 
As we compare the data sets for the three sites within the tract it is apparent that the 

data for the small intestine is much more variable than is data for the rumen or the large 
intestine.  This is probably the result of small intestinal digestion relying on digesta 
markers for both entry and exit data and the greatest heterogeneity of sample, whereas 
rumen and large intestinal data offers direct measurement for intake and fecal excretion 
and a greater opportunity to obtain a representative sample.   
 
Efficiency of digestion 

To assess the impact of changes in site of digestion we calculated the yield of 
digestible energy for each region of the gastrointestinal tract and summed these to estimate 
overall energy yield.  Values for efficiencies were from (Harmon and McLeod, 2001) and 
were as follows; ruminal 80%, small intestinal 97% and large intestinal 62%.  Digestibility 
in the large intestine was held at 44% (Figure 4) and ruminal and small intestinal digestion 
was varied to generate the data in Figure 5.  This data analysis demonstrated that shifting 
digestion from the rumen to the small intestine decreased the yield of energy when small 
intestinal digestion was less than 75%.  When digestibility in the small intestine was above 
75% energy yield was increased by shifting digestion from the rumen to the small 
intestine.  When one examines small intestinal digestibility (Figure 3) values were quite 
often in the low end of this range with an overall mean of only 62% (Table 2).  This 
suggests that only with highly processed feeds where small intestinal digestibility can be 
maximized can we benefit from shifts in site of digestion.  The low digestibility and low 
energetic efficiency of large intestinal digestion dictate that little starch should escape the 
small intestine or declines in efficiency will be noted. 
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Figure 2. Relationship between starch intake and ruminal digestion of starch (derived from data in Table 1, n = 79).    ((Axe et al. 

1987); (Garcia et al. 2000); (Hill et al. 1991); (Karr et al. 1966); (Hibberd et al. 1985); (Palmquist et al. 1993); (Streeter et 
al. 1989); (Streeter et al. 1990); (Streeter et al. 1991); (Streeter & Mathis 1995);  (Swingle et al. 1999); (Theurer et al. 
1999); (Zinn 1988);(Zinn 1989); (Zinn 1990); (Zinn 1991)).  
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Figure 3.  Relationship between starch supply and small intestinal digestion of starch (derived from data in Table 1, n = 79)  ((Axe et 
al. 1987); (Garcia et al. 2000); (Hill et al. 1991); (Karr et al. 1966); (Hibberd et al. 1985); (Palmquist et al. 1993); (Streeter 
et al. 1989); (Streeter et al. 1990); (Streeter et al. 1991); (Streeter & Mathis 1995);  (Swingle et al. 1999); (Theurer et al. 
1999); (Zinn 1988);(Zinn 1989); (Zinn 1990); (Zinn 1991)).  
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Figure 4.   Relationship between starch entering the large intestine and large intestinal starch digestion  ((Axe et al. 1987); (Garcia et 

al. 2000); (Hill et al. 1991); (Karr et al. 1966); (Hibberd et al. 1985); (Palmquist et al. 1993); (Streeter et al. 1989); (Streeter 
et al. 1990); (Streeter et al. 1991); (Streeter & Mathis 1995);  (Swingle et al. 1999); (Theurer et al. 1999); (Zinn 
1988);(Zinn 1989); (Zinn 1990); (Zinn 1991)).  
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Figure 5.  Relations between rumen and small intestinal starch digestion on energy yield.  Each line represents the energy yield from 

shifting digestion to the small intestine at the given small intestinal starch digestibility. 
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Summary of On-going Research at  
USDA-ARS-Conservation and Production Research Lab 

Bushland, TX 
 

N. Andy Cole and Rick Todd 
Research Animal Scientist/Lead Scientist and Soil Scientist 

USDA-ARS, Bushland, TX  
 

Introduction 
 

 The beef cattle research program at Bushland currently focuses on the potential 
impacts of feedyards on the environment.  The work concentrates in the following areas: 1) 
decreasing N and P excretion of finishing cattle without adversely affecting animal 
performance, 2) determining ammonia emissions from feedyards and the variables that 
control it, 3) decreasing ammonia emissions through diet and management, and 4) 
quantifying downwind ammonia concentrations and dry deposition.  We also have several 
cooperative studies with Texas Tech Univ., West Texas A&M Univ., Texas Agricultural 
Experiment Station in Amarillo, Kansas State Univ., New Mexico State Univ., and the 
ARS labs at Clay Center, NE., Watkinsville, GA., and Kimberly ID. 
 
Decreasing nutrient excretion 

We conducted a cooperative study with the Clayton Research Center of New 
Mexico State University (Drs. Glen Duff, Paul Defoor, Justin Gleghorn, and Mike 
Galyean) to evaluate the effects of phase feeding of crude protein (CP) on performance of 
beef steers fed a high concentrate, steam-flaked corn based diet.  
   
Table 1.  Effects of phase feeding on steer average daily gain, feed efficiency, and dry 
matter intakea. 
Item Cont11.5a Cont13.0 11.5>10.0 13>11.5 13>10 13>>11.5 
ADG,lb       
   D 0 -112 3.46 3.54 -- -- -- -- 
   Final 56 2.99 2.95 2.71 2.71 2.46 2.55 
   Total 3.26 3.39 3.26 3.34 3.25 3.26 
DM/Gain       
  D 0-112 4.64 4.68 -- -- -- -- 
  Final 56  6.06 6.21 6.25 6.37 6.90 6.49 
  Total 5.00 5.02 5.00 5.00 5.00 5.13 
DMI, lb       
  D 0-112 16.1 16.6 -- -- -- -- 
  Final 56 18.1 18.4 17.1 17.2 16.9 16.1 
  Total 16.3 17.2 16.3 16.7 16.6 16.7 
a  Cont11.5 = continuous 11.5% CP, Cont13.0 = continuous 13% CP, 11.5>10.0 = changed 

from 11.5 to 10% CP with 56 d left on feed,  13>11.5 = changed from 13 to 11.5% CP 
with 56 d left on feed, 13>10.0 = changed from 13 to 10% CP with 56 d left on feed,  and 
13>>11.5 = changed from 13 to 11.5% CP with 28 d left on feed.   
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Three hundred sixty, medium-framed cross-bred steers were randomly assigned to 
the following 6 treatments (6 pens/treatment): 1) fed 11.5% CP (DM basis) throughout, 2) 
fed 13% CP throughout, 3) fed 11.5% then switched to 10% approximately 56 d before 
slaughter, 4) fed 13% then switched to 11.5% approximately 56 d before slaughter, 5) fed 
13% and switched to 10% approximately 56 d before slaughter, and 6) fed 13% and 
switched to 11.5% approximately 28 days before slaughter.  In contrast to studies with 
diets based on dry-rolled corn, in this study, lowering the dietary CP concentration late in 
the feeding period tended to decrease average daily gain; primarily due to a decrease in 
feed intake.  
 
Ammonia emission from feedyards 

We are measuring ammonia emissions from feedyards using several 
methodologies: 1) flux gradient, 2) backward Lagrangian stochastic, and 3) the change in 
N:P ratio between the ration and dried pen surface manure.  We have conducted five field 
campaigns lasting 15 to 20 d each at a 50,000 head commercial feedyard.  This yard was 
selected because of its topography, pen/retention pond layout, and the willingness of the 
managers to cooperate.  Using the flux gradient method, mean daily ammonia flux ranged 
form 23 to 93 ug per sq meter per second and total ammonia flux ranged from 3,234 to 
12,892 lb per day.  Emissions during the summer were approximately 2X emissions during 
the winter.  During the summer, approximately 50% of feed N was lost as ammonia and 
during the winter approximately 27% of feed N was lost as ammonia.  On an annual basis, 
39% of feed N was lost as ammonia which equated to approximately 31 lb per head fed.  
Total N volatilization losses, estimated using the N:P ratio, averaged 45%.  The diets were 
changed in early 2003 and the dietary CP concentration was increased approximately 1%.  
Based on comparisons between values in 2002/03 runs and values in 2003/04 runs, 88 to 
98% of additional feed N was lost as ammonia.  Emissions were greatest during hot dry 
weather.  Ammonia emissions were temporarily depressed after precipitation; however this 
was followed by a “burst” of ammonia as the pen surface dried.   
 
Decreasing ammonia emissions 

We have conducted several in vitro studies to determine the effects of diet, feed 
additives, and pen surface amendments on ammonia emissions.  Ammonia emissions were 
highly correlated to urinary N excretion.  As days on feed increased, the proportion of feed 
N lost as ammonia increased.  This suggests that lowering the dietary CP concentration 
later in the feeding period (ie. phase feeding) could potentially have a marked effect on 
overall ammonia losses. Ammonia losses from feces and urine of steers fed a 13% CP diet 
were approximately 25% greater than steers fed an 11.5% CP diet.  We took samples from 
the pen surface (unconsolidated loose surface, dry hard pack, wet hard pack, and 
underlying soil) of 27 pens in 3 feedyards during the four seasons.  Ammonia+ammonium 
(NHx) concentrations in the pen surface were 2X to 3X greater in winter than in summer 
suggesting that cool conditions slow the loss of ammonia from the pen surface.  In 
subsequent studies we applied artificial urine to a feedlot pen surface.  Pen surface NHx 
concentrations increased 14 fold in less than 5 minutes after urine application.  The NHx 
concentrations had decreased by half within one hour.  These results suggest that urine 
spots are the primary source of ammonia losses and that ammonia losses occur very 
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rapidly from urine spots.  Thus, to control ammonia losses through chemical means, the 
chemical will have to be present on the pen surface.    

 
In a cooperative study with Dr. Shawn Archibeque and others at the USDA-ARS-

MARC in Clay Center, NE  (See Archibeque et al. 2004. J. Anim. Sci. 82 [Suppl. 1]:116) 
steers were fed diets containing low (9.1%), medium (11.8%) or high (13.9%) CP or fed 
the low and high CP diets at 2-d intervals (oscillating CP). Fourteen-d in vitro ammonia 
emissions from feces and urine of the steers were 6.7, 57.9, 238.6 and 48.1 mg, 
respectively (all values different at P <0.05).     
 
Downwind ammonia concentrations 

Ammonia concentrations were measured at heights of 1.5 and 3 meters at distances 
of 10, 25, 50, 100, 200, 400 and 800 meters downwind of a 50,000 head commercial 
feedyard.  During the summer, concentrations decreased approximately 10 to 12.5% every 
100 meters and approached background at 800 meters downwind.  During the winter, 
concentrations decreased 21 to 23% every 100 meters and approached background 
concentrations at 400 meters downwind.  An unknown portion of this decrease is due to 
dry deposition of ammonia downwind of the yard; whereas, the remainder is possibly due 
to long-range transport in the atmosphere. An observational study at Bushland 
demonstrated that after 30 years of operation, dust and/or ammonia losses from a 30,000 
head feedyard affected native rangelands for approximately 500 meters downwind of the 
yard.  
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Impact of Nutrition on Metabolism, Health, Performance, and 
Carcass Merit by Feedlot Cattle - A Summary of On-going 

Research at Oklahoma State University 
 

C. R. Krehbiel1, G. W. Horn1, J. J. Wagner2, M. P. McCurdy1, J. J. Cranston1, L. O. 
Burciaga1, R. A. Ross1, and B. P. Holland1

1Oklahoma State University, Stillwater; 2Continental Beef Research, Lamar, CO  
 

Introduction 
 

Current research being conducted at Oklahoma State University in the area of 
receiving and feedlot cattle nutrition and management continues to emphasize effects on 
health, performance, carcass merit and body composition, and metabolism by feedlot 
cattle. The long-term goal is to develop the knowledge and technology to improve 
efficiency of utilization of feed resources for the production of a desirable and healthful 
product.  Research emphasis includes: 1) identification of mechanisms responsible for 
differences in efficiency of nutrient utilization; 2) development of nutrient management 
strategies to improve feed utilization; and 3) development of nutrition and management 
strategies to improve receiving calf health.  Recent research conducted at OSU in the area 
of stocker and feedlot nutrition/management can be downloaded from our 2004 Animal 
Science Research Report (accessed at http://www.ansi.okstate.edu/research/2004rr/).  
Current research is discussed below. 

 
Effects of Previous Nutrition on Metabolism, Feedlot Performance, Carcass Merit, 

and Body Composition (Matt McCurdy, Ph.D. Student) 
 

Maintenance energy requirements account for more than half of the metabolizable 
energy intake of beef cattle depending on the quality and energy density of the diet (NRC, 
1996).  The net energy for maintenance (NEm) requirement of feedlot cattle can be 
influenced by plane of nutrition during the growing phase.  Fox et al. (1972) attributed 
increased gain in the feedlot by previously restricted cattle to a decreased NEm 
requirement.  In addition, Sainz et al. (1995) determined that steers fed a high-concentrate 
diet at restricted intake (70% of control steers) during the growing phase had a 17% lower 
NEm requirement during the finishing phase compared with steers fed ad libitum during 
finishing.  Hersom et al. (2004) grazed steers on winter wheat pasture at two rates of gain 
(1.21 or 0.61 kg/d) or dormant tallgrass native range (0.16 kg/d).  Estimated heat 
production during the subsequent finishing phase was approximately 15% greater for steers 
grazed on dormant native range compared with steers grazed on wheat pasture at a high 
rate of gain.  These data suggest that both DM intake and dietary energy density during the 
growing phase can influence subsequent finishing performance.  

 
We hypothesized that different backgrounding or stocker programs for feeder 

cattle, with differences in DM intake, dietary physical form and composition, energy 
density, and nutrient availability would affect growth rate, metabolic activity, and relative 
rates of tissue accretion, resulting in altered finishing performance and carcass 
composition.  Therefore, the objectives of our experiments were to determine the effects of 

 93



 

growing program on subsequent visceral organ mass, GIT metabolic activity, blood 
metabolites, body composition, feedlot performance, and carcass merit in beef steers that 
are grown in different winter growing programs commonly used for backgrounding feeder 
calves in the United States.   

 
Four treatments were used for this experiment.  For the first treatment, steer calves 

were placed in the feedlot (n = 8 pens; 8 steers/pen) immediately after weaning and fed a 
high-concentrate diet ad libitum (CF).  The three remaining treatment groups were 
managed using three different growing programs to achieve approximately equal rates of 
BW gain. One group was grazed on wheat pasture with unrestricted forage availability 
(WP), the second group was fed a sorghum silage-based growing diet (SF; n = 8 pens; 8 
steers/pen), and the third group was program fed a high-concentrate diet (PF; n = 8 pens; 8 
steers/pen).  Performance, carcass merit, and visceral organ mass results are reported in the 
present proceedings by McCurdy et al. (2005).  In addition, a group of similar steers was 
used to determine metabolizable energy (ME) content of the diets for each of the four 
treatment groups (CF, WP, SF, and PF).  Steers in the CF, SF, and PF groups (n = 4 
steers/diet) were fed individually, and energy losses in gas, feces, urine, and heat of 
fermentation will be subtracted from intake energy.  Feces and urine were collected for 
determination of fecal and urinary energy loss.  Gaseous energy losses associated with 
methane for all groups will be estimated using the equation of Moe and Tyrrell (1980) and 
heat of fermentation will be estimated as 7% of ME (ARC, 1980).  For WP steers, a 
separate experiment was conducted for determination of ME intake.  Feces and urine were 
collected for determination of fecal and urinary energy loss.  Gaseous energy losses and 
heat of fermentation will be determined by the same estimates as the other treatment 
groups.  Retained energy will be obtained from the energy content of the whole body 
composition of steers and will be subtracted from ME intake for determination of daily 
heat production.  Daily heat production (kcal/kg0.75) will be linearly regressed on ME 
intake for determination of maintenance energy requirement (Lofgreen and Garrett, 1968).  
Laboratory analyses are currently underway. 
 

Feeding Methods and Additives that Impact Ruminal Function and Animal 
Performance (Jake Cranston, Ph.D. Student) 

 
 Roughage can be difficult to handle and process compared to most cereal grains.  
When the cost of roughage is calculated on an energy basis, it is one of the most costly 
ingredients in feedlot diets.  However, some degree of roughage inclusion is preferred to 
maintain ruminal function.  Inadequate roughage levels can lead to increased incidents of 
acidosis, liver abscesses, and erratic feed intake, all causing a decrease in animal 
performance and profitability.  Therefore, roughage is generally included in beef finishing 
diets at 4.5 to 13.5% of the diet dry matter (Galyean and Gleghorn, 2001).  Although 
roughage constitutes a relatively small portion of the typical finishing diet, recent research 
has suggested that the addition of fibrolytic enzymes to the finishing diet may enhance 
animal performance (Ware and Zinn, 2001; Ware et al., 2002; Beauchemin et al., 2003).  
In a review of the scientific literature, Beauchemin et al. (2003) reported a 6 to 12% 
improvement in feed efficiency when fibrolytic enzymes were added to finishing diets.  In 
fact, Beauchemin et al. (2003) also reported that the addition of fibrolytic enzymes to high-
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concentrate diets produces more consistent results than enzyme supplementation in high-
roughage diets.   
 

Ruminal pH plays an important role in fiber digestion.  When cattle are fed high-
concentrate diets, ruminal pH typically ranges from 5.8 to 6.2, causing a depression in 
ruminal fiber digestion because the cellulolytic organisms within the rumen require a pH of 
6.5 or greater for maximum growth.  Therefore, addition of a pH-tolerant additive that may 
enhance ruminal digestion of fibrous compounds in the diet may be beneficial in high-
concentrate diets.  Zinn and Ware (2003) speculated that an improvement in fiber digestion 
within the rumen may decrease ruminal fill and allow the animal to consume more feed 
and, thus, improve animal performance.   

 
We hypothesized that adding a fibrolytic enzyme to a high-concentrate diet would 

increase performance of finishing steers, and that the addition of the fibrolytic enzyme 
would be more efficacious for steers consuming 9% compared with 4.5% roughage in a 
finishing diet.  Our objective was to evaluate the effects of FibrozymeTM (Alltech, 
Lexington, KY) and roughage level on feedlot performance and carcass characteristics of 
steers. 

 
 Methods and results from this experiment are summarized in the present 
proceedings (Cranston and Krehbiel, 2005).  In addition, an experiment with the same 
treatments is being conducted to evaluate the effects of roughage level and a fibrolytic 
enzyme (Fibrozyme™) on ruminal fermentation and site and extent of digestion.  From 
preliminary results, neither roughage level nor enzyme supplementation influenced (P ≥ 
0.27) ruminal pH.  However, a roughage level x enzyme supplementation interaction (P = 
0.01) was observed.  Fibrozyme supplementation decreased (P = 0.01) ruminal pH in 
steers fed diets containing 4.5% alfalfa hay, while having no effect (P = 0.29) on ruminal 
pH in steers fed diets containing 9.0% alfalfa hay.  It may be possible that Fibrozyme 
supplementation caused a greater increase in ruminal fiber degradation in steers fed the 
diets containing 4.5% alfalfa hay compared with diets containing 9.0% alfalfa hay.  This 
improvement in fiber degradation could have resulted in greater VFA production, causing 
a decrease in the ruminal pH of steers receiving Fibrozyme, explaining the observed 
values.  Analyses of ruminal fluid samples for VFA content may provide more insight into 
the observed response. 
 
Effects of cultures of Lactobacillus acidophilus and Propionibacterium freudenreichii 

on feedlot performance and carcass merit by steers fed a high-concentrate diet  
(Luis Burciaga, Ph.D. Student) 

 
Direct-fed microbials (DFM) have received increased attention by the feedlot 

industry. Increased interest in DFM has resulted from increasing concerns about antibiotic 
use in production agriculture, and the need for producers to implement preventive 
measures against pathogen outbreaks in the food supply.  Recent research has shown that 
bacterial DFM reduce fecal shedding of Escherichia coli O157:H7 from infected calves 
(Elam et al., 2003).  Therefore, a possible application for DFM might be to reduce 
shedding of this pathogen from cattle.  In addition, bacterial DFM have been shown to 
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increase daily gain and feed efficiency in feedlot cattle.  In several experiments, 
supplementing feedlot steers with lactate-utilizing and/or lactate-producing bacteria has 
been shown to improve feed efficiency and daily gain (approximately 2.5%) with little 
change in DMI (Krehbiel et al., 2003).  Few attempts have been made to determine the 
mechanisms responsible for the beneficial effects of DFM, but the potential for a decrease 
in subacute acidosis has been suggested.  Overall, data indicate that DFM have the 
potential to improve production efficiency by feedlot cattle, alter ruminal fermentation 
processes and products, and decrease fecal shedding of harmful pathogens in inoculated 
animals.  However, as results have been inconsistent, more research is needed to evaluate 
the efficacy of DFM use.  The objective of this experiment was to evaluate the effects of 
Lactobacillus acidophilus and Propionibacterium freudenreichii on feedlot performance 
and carcass merit by finishing beef steers fed a high-grain diet. 

 
Four hundred twenty Brangus steers (557 ± 57 lb) were delivered to the Willard 

Sparks Beef Research Center.  Of the initial 420 steers, 360 were assigned to treatments.  
Steers were blocked by initial body weight (BW) into six weight blocks and implanted 
with Component E-S (VetLife, Overland Park, KS).  Within block, steers were randomly 
assigned to four pens (12 pens/treatment; 15 steers/pen).  Steers were reimplanted with 
Revalor-S (Hoechst Roussel Vet, Clinton, NJ) on d 81.  Treatments included: 1) control 
(no DFM), or 2) Lactobacillus acidophilus and Propionibacterium freudenreichii 
(Bovamine; Nutrition Physiology Corp., Guymon, OK) fed from day 1 through finish.  The 
finishing diet contained 60.0% dry rolled corn and 20.0% dry rolled wheat, and was 
formulated to meet or exceed NRC (1996) nutrient requirements.  Monensin (33 mg/kg of 
diet) and tylosin (11 mg/kg of diet) were fed.   

 
 Steers were harvested at Tyson Fresh Meats, Inc., Emporia, KS.  The three heaviest 
weight blocks were harvested after 208 days on feed and the three lightest weight blocks 
after 227 days.  Trained personnel from the Kansas State University Carcass Data 
Collection Service obtained all carcass measurements.  Normally distributed data were 
analyzed as a randomized complete block design using the Proc Mixed procedure of SAS 
Release 8.02 (SAS Institute Inc., Cary, NC).  Non-parametric USDA quality grade data 
were transformed using Friedman’s test by listing the percentage of Choice and Select for 
each pen within a block and then analyzed as normally distributed data as above (Elam et 
al., 2003).  Pen was the experimental unit.  The model statement will include treatment, 
and the random statement included block. 
 

None of the differences among treatments in this experiment were significant (P > 
0.10).  Krehbiel et al. (2003) summarized several experiments in which various 
combinations of L. acidophilus and P. freudenreichii were fed to feedlot cattle. Results 
suggested that cattle fed DFM had an approximately 2.5% advantage in ADG and a 2% 
improvement in feed:gain over control cattle, resulting in increased HCW.  In the present 
experiment, feeding Bovamine resulted in a 2.4% increase in carcass adjusted ADG, a 
2.5% improvement in carcass adjusted feed:gain, and a 3.2 kg increase in HCW, similar to 
data summarized by Krehbiel et al. (2003).   
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Use of Dual Energy X-Ray Absorptiometry to Estimate Body Composition  
(Rebecca Ross, M.S. Student) 

 
 A multitude of techniques exist to estimate total body composition in beef cattle; 
for example, whole body grind, carcass specific gravity, urea space, and 9-10-11 rib 
dissection. Although many techniques have been developed and researched, none have 
been exclusively accepted and utilized in place of whole body grind and analysis, which is 
generally considered the most accurate method of estimating carcass composition.  
However, because this approach is very costly and inefficient, other methods are often 
employed.  The 9-10-11 rib section dissection and analysis has long been proposed as an 
accurate estimator of carcass composition in beef cattle and is relatively low in cost 
compared with grinding the whole body.  More recently, lean tissue mass measured by 
dual-energy x-ray absorptiometry (DXA) was highly correlated with chemical 
measurements of total grams of body water (r = 0.99), total grams of body protein (r = 
0.94), and lean body mass (r = 0.99) in small pigs (Mitchell et al., 1998).  In addition, 
DXA has been evaluated for estimating rib sections in beef cattle (Mitchell et al., 1997).  If 
the 9-10-11 rib section is in fact an accurate estimator of total body composition, perhaps 
DXA could estimate the percentage of lean and fat, and the rib piece could be salvaged in 
conjunction with the carcass.  We are currently testing this hypothesis. 
 

Sensor for Rapid Diagnosis of Bovine Respiratory Disease  
(Ben Holland, M.S. Student) 

 
 This project will assess exhaled nitric oxide (eNO) as a biomarker in the breath of 
cattle to evaluate respiratory health.  The production of NO in bovine alveolar 
macrophages exposed to bacteria associated with bovine respiratory disease (BRD) has 
been demonstrated (Boulanger et al., 2001).  We hypothesize that eNO levels will reflect 
airway inflammation associated with bacteria and viruses that cause BRD.  A bovine 
prototype mid-infrared laser absorption spectroscopy system is currently being developed 
and standardized to quantify eNO and CO2 levels in breath of cattle, and to confirm the 
utility of eNO in detecting BRD.  We will use this prototype in calves experimentally 
challenged and naturally exposed to respiratory pathogens to demonstrate detection of eNO 
in breath and to compare eNO as an indicator of respiratory disease with current diagnostic 
methods.  Our long-term goal is to demonstrate that measurement of NO in the expired 
breath of cattle can be used to diagnose and monitor respiratory inflammation associated 
with BRD. 
 

Other Projects 
 
Influence of Bovine Respiratory Disease on Whole Body Protein Utilization and 
Hepatic Acute Phase Protein Response in Stressed Calves (Luis Burciaga; All 
Graduate Students).  
The objectives of this experiment are to: 1) characterize net nutrient flux across portal-
drained viscera and liver tissues in fed and fasted calves not infected or infected with 
bovine respiratory disease; 2) determine proinflammatory cytokine and hepatic acute phase 
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protein response in fed and fasted calves not challenged or challenged with bovine 
respiratory disease. 
 
Effects of Winter Growing Program on Net Portal and Hepatic Flux of Nutrients and 
Oxygen Consumption (Jake Cranston; All Graduate Students).  
The objective of this experiment is to determine the effects of growing programs 
commonly used for backgrounding feeder calves in the U.S. on net nutrient flux and 
oxygen consumption across portal-drained viscera and liver tissues. 
 
Effects of Energy Supplementation to Steers Grazing Wheat Pasture on Net Portal 
and Hepatic Flux of Nutrients and Oxygen Consumption (Jake Cranston; All 
Graduate Students). 
The objective of this experiment is to determine the effects of energy supplementation on 
net nutrient flux and oxygen consumption across portal-drained viscera and liver tissues in 
steers grazing winter wheat pasture. 
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The Effect of Algae and Bacterial Additions to a CAFO Lagoon on 
the Conversion from Anaerobic to Aerobic Fermentation -  

A Summary of On-going Research at Colorado State University 
 

T.L. Stanton, W. R. Wailes, S. Reynolds, D. Johnson and J. Davis 
Colorado State University, Ft. Collins 

 
Summary 

 
An alternative treatment system was installed adjacent to a dairy anaerobic lagoon 

to convert digestion to aerobic digestion using algae and bacteria addition plus mixing.  
After six months of operation, dissolved oxygen was significantly increased from 0.04 to 
an average level of 0.61 mg/L.  The higher oxygen level in the lagoon seemed to 
substantially reduce odors as soon as three months of operation.  The micro-diffuser 
system appeared to be an adequate mixing system based on the increased level of total 
dissolved salts (TDS) in the lagoon, followed by a leveling off of TDS levels after three 
weeks of operation.  Algae and bacteria additions plus mixing system evaluated appears to 
have potential for increasing dissolved oxygen levels without the expense of high 
horsepower mechanical aeration, while also showing potential for reducing odors that were 
produced from anaerobic digestion of lagoon waste.  No written complaints were received 
from neighbors after the system was operational. 
Key Words:  Algae, bacteria, aerobic digestion, dairy waste, micro-diffuser, water column 
mixing 
 

Introduction 
 

Livestock operations have always been willing to protect the natural resources 
associated with their operations.  Regulations are evolving from protecting natural 
resources to preventing nuisance conditions.  Regulatory agencies have responded to 
complaints by writing rules which; (1) mandate separation distances between livestock 
facilities and property lines, (2) control timing of manure and wastewater applications and 
(3) control nuisance conditions through best management practices. 

 
Aeration treatment strategies have been formulated to reduce offensive odors of 

swine manure for many years.   Techniques have included continuous aeration (Burton and 
Sneath, 1995), intermittent aeration (Zhang et al., 1997; Zhu, 2001), combined anaerobic-
aerobic bioreactors or mixed and aerated ponds (Bernet et al., 2000; Westerman and 
Bicudo, 2002), aerated lagoon bioblanket (Zhu, 1998), and surface aeration or shallow 
aeration (Ginnivan 1983 a,b; Zhang et al., 1997).  Among strategies evaluated, surface 
aeration has been the least expensive and has the potential to become a means for effective 
odor control for open manure storage.  Energy expense still precludes widespread adoption 
of these strategies for odor control. 

  
A study was designed to evaluate the conversion of an anaerobic livestock lagoon 

to an aerobic lagoon with the addition of algae and bacteria plus mixing.  The interest in 
completing this conversion was twofold.  First, the conversion should reduce odor due to 
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the biochemistry of aerobic digestion compared to anaerobic digestion.  Secondly, the rate 
of digestion should be increased with aerobic digestion compared to anaerobic digestion.  

 
The aerobic digestion process consists of two steps; the direct oxidation of 

biodegradable matter, and endogenous respiration where cellular material is oxidized (Ros, 
2002).  These processes can be illustrated in the following equations: 
 
Organic matter + NH4

+  +  O2 →  cellular material + CO2 + H2O                    Eq. 1 
 
Cellular material + O2  →bacteria  → digested sludge + CO2 +H2O +NO3

-           Eq. 2 
 
The first equation describes the oxidation of organic matter to cellular material.  This 
cellular material is subsequently oxidized to digested sludge.  The process described in the 
second equation is typical of the endogenous respiration process and is the predominant 
reaction in aerobic systems.  The values of dissolved oxygen were a very good indicator of 
process quality.  If the value was above 0.5 mg/L, good process quality was assured. 
 

Materials and Methods 
 

The study was conducted at La Luna Dairy, Wellington, Colorado.  La Luna has 
1500 milking cows located on 60 acres across the road from Wellington.  La Luna was at 
risk of being closed due to odor concerns.  Their system involves a flushing system that 
circulates 250,000 – 400,000 gallons of water per day through their barns into a leaky dam 
system that separates solids (which are collected for composting) and then ends up in an 8-
acre lagoon, which is approximately 12.5 feet deep and contains approximately 31 million 
gallons of wastewater.  Approximately 30,000-40,000 gallons of fresh water were added 
daily. One of the challenges with this system was that the primary water loss was through 
evaporation.  The lagoon was approximately two years old prior to the start of this study 
and had not been cleaned. 

 
Our algae addition was made possible by construction of a 12 x 72 foot green house 

to grow the algae (AgSmart Inc., Strasburg, CO1).  The green house was completed in May 
2003 and the algae were added to the lagoon on June 2nd, 2003.  The green house contained 
six 1000-gallon tanks to grow the algae (patent pending).  The algae solution was added to 
the lagoon through a flushing system that was designed using a PVC piping system that 
ends up distributing the algae on the bottom of the lagoon in six locations.  The algae were 
added 24 hrs/day to the lagoon.  

 
In addition to the algae, a micro-diffuser system was installed on the lagoon bottom 

(Keeton Industries, Inc., Wellington, Colorado2).  This system used 28 micro diffusers (10” 
Keeton EPDM fine bubble DuraplateTM) on the bottom of the lagoon. Air was pumped 
from two 2 hp compressors via manifold piping and ½ in. delivery tubing to each micro 
diffuser, thereby mixing the lagoon vertically.  Each micro diffuser received an 
approximate airflow of 1.4 cubic feet per minute.  This system was operated 24 hours per 
                                                 
1 AgSmart, PO Box 329, Strasburg, CO  80136 
2 Keeton Industries, Inc., PO Box 249, 13751 NCR 11, Wellington, CO  80549 
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day throughout the summer months and then only turned on during the day starting in 
November. Average transfer rate efficiency for surface aeration systems is 1.5-2.0 pounds 
oxygen per horsepower per hour.  A total of 4 HP of blowers rated at 40 cfm at 5 psig were 
installed at LaLuna Dairy, along with 28 mixing diffusers. Diffusers were installed 
uniformly to achieve total mixing of the 8 surface acre lagoon, with 12 foot average depth.  
LaLuna Dairy had a 10,000 mg/l BOD level in direct influent water and a flow of 40,000 
gpd would result in 3331 lbs BOD loading per day.  Net oxygen needs of approximately 
4996 pounds per day are required to meet BOD demand.  Normally, 1.5 lbs. oxygen per 
pound of BOD is required for oxidation.   

 
Oxidation calculations using a FTR (field transfer rate) of 12 % - 15% TE  (transfer 

rate) indicate that an air flow rate of 1329 cubic feet per minute air and 556 Duraplates™ 
diffusers would be needed to meet BOD demand, compared to the 40 cfm provided by the 
test system. 
  
CFM AIR NEEDS =  oxygen in lbs/day ( 4996)

1440 min/day x 0.075 lbs 02 x 0.232  x  FTR per cu.ft air  
 

Where: 0.232 = % oxygen in air at standard condition  
 

In short, the 28 diffusers provide approximately 5 % of the total oxygen needed if 
you are going to rely on a subsurface air system only to provide necessary oxygen for 
BOD conversion.  

 
Calculating from a standard waste water system approach for surface aerators and 

4996 pounds biological oxygen demand per day, a total of 139 horsepower would be 
needed at 1.5 lbs. oxygen per hp/hr. to meet system oxygen requirements. 

 
In addition to growing and adding algae, multi-inoculums of microbials were also 

added (Table 1) to the lagoon (Keeton Industries, Inc.).  The purpose of the microbial 
additions was to improve sludge digestion and nitrogen conversion.   

 
The cost of this system was $40-60 per cow installed, which included the 

greenhouse, tanks, algae feeding and distribution system, the algae food, microbial 
additions for the first year and the micro-diffuser system.  After the first year, the cost is 
between 0.50-0.75 cents per cow per month. The system cost is based on a number of 
factors, such as the BOD loading rate, the volume of the waste stream, and the depth of the 
sludge layer in the bottom of the lagoon. 

 
Results and Discussion 

 
Lagoon measurements were made at depth of 6’ below the lagoon surface with a 

YSI 556 Multiprobe System (Ted D. Miller Associates, Inc., Lakewood, Colorado 80227).  
Each mean represents the average of 14-20 observations that were recorded at weekly 
intervals at approximately 11 a.m. mountain time.  Lagoon temperature increased 
significantly from June 4 through September 12, peaking on August 12th (figure 1).  
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Temperature significantly decreased after September 21 through December 5, compared to 
the initial temperature.  Lagoon temperature mirrored ambient temperature as expected 
(figure 2).  The lagoon was frozen from December 10 through early March, 2004.  
Conductivity decreased significantly July 10-August 5th compared to the initial recordings, 
and then significantly increased for the remainder of the recording dates (figure 3).  Total 
dissolved salts (TDS) increased significantly compared to the first reading (figure 4) and 
remained higher over the observation period.  A conductivity reading measures the 
capacity of a solution to conduct an electric current and is directly related to the total ionic 
concentration of dissolved substances in the solution.   The elevation in TDS was probably 
due to the vertical mixing of the pond via the micro-diffuser mixing system. The increase 
in TDS and then leveling off indicated that the micro-diffuser system was doing a good job 
of mixing the lagoon.  Evaporation of water from the surface of the lagoon concentrates the 
dissolved solids in the remaining water - and so it has a higher EC.  

 
The pH of the lagoon changed over time.  Initially, pH was unchanged until July 

10th at which time a significant reduction occurred. As the study continued, pH increased 
to 7.35 on December 5th (figure 5).  Oxidation-reduction potential (ORP) was comparable 
to initial readings until July 21, after that date ORP was significantly lower than the initial 
readings (figure 6).  The large negative ORP numbers reflect a very reduced solution and 
an excess of electron donors in the wastewater.  ORP values of –100 to –400 provide 
environments to enhance microbial growth.  Research has shown that ORP values of 650 
to 700 mV kill bacteria such as E.coli and Salmonella within a few seconds. 

   
Biological oxygen demand (BOD5) was high initially (13,113 mg/L-average of four 

surface samples) in June and got higher in September (16,372 mg/L) with mixing.  March, 
2004 sampling indicated and average BOD5 of 8698 mg/L, a 34% reduction from initial 
BOD levels and a 47% reduction from the highest level recorded. 

 
Dissolved oxygen was significantly higher at the July 10 reading compared to the 

initial observation and increased to a high of 0.61 mg/L on December 5th (figure 7). Colder 
water has the ability to increase retention of higher levels of dissolved oxygen, which may 
in part explain the spike upward in DO in December.  Microbial digestion is also known to 
slow as water temperature declines in the winter months, thus reducing the oxygen demand 
for microbial digestion.  
 

Hydrogen sulfide was measured on April 6, 2004 at 11 a.m. at seven sites on the 
lagoon perimeter.  Wind was from the north at 2 mph.  H2S averaged 1.6 ppb and ranged 
from 0-5 ppb (Jerome  631-X, Arizona Instruments, Corp.). 

 
Phosphorus was 164 ppm initially (average of four surface samples), increased to 

554 ppm in September due to mixing of the lagoon and declined to 458 ppm in March 
2004.  The 17% reduction of phosphorus from September to March may have been due to 
the demand for phosphorus for algae growth. 

 
The sludge layer was estimated manually with two poles fourteen feet long marked 

at one-foot intervals.  One pole had a 14” x 14” square plate welded perpendicular to the 
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pole on its end. The plate pole rested on top of the sludge layer while the other pole rested 
on the bottom of the lagoon.  The difference was an estimate of the depth of the sludge 
layer.  Measurements at six locations across the lagoon indicated a sludge layer of 6-18” on 
March 9, 2004. 

 
In August of 2002, there were six written complaints from neighbors about odor.  

Adjectives use to describe the odor included “horrific odor”, “stench unbearable”, and “ 
another round of smelling the stench”.  When this project was started, the odor coming 
from the lagoon was overwhelming.  Odor intensity was diminished in late July (two 
months after the start of algae addition), when DO levels averaged above 0.2 mg/L.   When 
data was recorded on Oct.8, 2003, there was very little odor coming from the lagoon.  No 
new neighbor complaints about odor were received in 2003. 
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Figure 1. Lagoon temperature, oF Figure 2. Ambient temperature, oF 
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Figure 3. Conductivity, mS/cm Figure 4. Total dissolved salts, g/L 
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Figure 5.  pH Figure 6. Oxidation Reduction  
Potential,  mV 
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Figure 7.  Dissolved Oxygen, Mg/L 
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Table 1. LaLuna Dairy Microbial Treatments starting June 12, 2003 
 
1. June 12 – Initial dosing   10 lbs. Waste and Sludge Reducer (WSR™) to pond and 5 lbs. 

to sump tank in greenhouse. 
2. June 19 – 5 lbs. WSR™ to pond and 2 lbs. to sump area and 1 gallon of Ki-Nitrifier™ to 

greenhouse sump tank. 
3. June 26 5 lbs. WSR to lake and 1 lbs WSR to sump area and one gallon Ki-Nitrifier to 

greenhouse sump. 
4. July 2003 weekly treatments. 
 
    Totals for month applied all microbes once per week, July. 
    Week One – 2.5 lbs. WSR™, 6.25 lbs. Dairy Waste Formula, 0.5 gallons Ki-Nitrifier 
    Week Two-   2.5 lbs. WSR, 6.25 lbs. Dairy Waste Formula, 0.5 gallons Ki-Nitrifier. 
    Week Three –2.5 lbs. WSR, 6.26 lbs. Dairy Waste Formula, 0.5 gallons Ki-Nitrifier. 
     Week four – 2.5lbs. WSR, 6.26 lbs. Diary Waste Formula, 0.5 gallons Ki-Nitrifier 
 
5. August – same applications as July. 
6. September Applications repeat of July. 
7. October totals for Month.  0.5 gallon Ki-Nitrifier, 25 lbs. Dairy waste Formula and 10 
     Pounds WSR. 
 
Weekly treatments were scheduled for Monday’s and Fridays as follows: 

a. 8 ounces of Ki-Nitrifier on Mondays and Fridays 
 

b. 3.125 lbs. Dairy waste formula Monday and Friday. 
1.25 lbs. WSR Monday and Friday. 

 
November & December treatments were the same. 

 
All applications starting in October were applied to the greenhouse sump so microbes are 
pumped to the lagoon via the 6 tube arrangement for microbe dispersal and  to increase 
incubation time. 
http://ansci.colostate.edu Department Programs Research Reports 
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A Summary of On-going Research at Texas A&M University 
 

1G.E. Carstens, 1J.E. Sawyer, 1E.G. Brown, 1P.A. Lancaster, 1S.A. Woods, 1E. 
Bumpus, 1R. Rhoades, 1J.T. Vasconcelos and 2R.C. Anderson 

1Texas A&M University, College Station; 2USDA, ARS, Southern Plains Agricultural Research 
Center, College Station, TX 

 
Preharvest Strategies to Cost-effectively Mitigate Foodborne Pathogens 

 
The bovine gut is considered a reservoir for E. coli O157:H7 and Salmonella, 

bacteria that cause economic losses to the beef industry due to compromised food safety. 
Recently, Robin Anderson and coworkers at the USDA’s Food & Feed Safety Research 
Unit have developed the use of an experimental chlorate product (ECP) as a pre-harvest 
intervention strategy to mitigate foodborne pathogens in beef cattle.  The use of ECP 
exploits the ability of E. coli and Salmonella to utilize nitrate as an anaerobic electron 
acceptor via respiratory nitrate reductase activity, which also reduces chlorate to cytotoxic 
chlorite. This strategy selectively kills E. coli and Salmonella that possess nitrate 
reductase, without affecting beneficial anaerobes that lack the enzyme.  Pre-adaptation 
with dietary nitrate has been shown to enhance expression of this enzyme and thus the E. 
coli killing activity of ECP in broilers and pigs.  In collaboration with Robin Anderson’s 
group, we have conducted several studies designed to obtain specific ECP dosage 
information to support regulatory approval, and to determine if pre-adaptation with various 
nitrocompounds will enhance the effectiveness of the ECP in cattle. Our results confirmed 
that feeding ECP for 24 h significantly reduced gut E. coli concentrations in cattle.  
However, unlike data obtained with swine and poultry, the efficacy of ECP was not 
enhanced by low-level pre-adaptation with nitrate.  Based on results from in vitro studies 
demonstrating that certain nitrocompounds reduce ruminal methane production, we have 
also conducted a study to examine effects of nitroethane on methane emissions in cattle.  
The sodium salt of 2-nitroethane was administered at one of four levels to Holstein calves, 
and methane emissions measured on days 0, 2, 4 and 8 using the sulfur hexafluoride tracer 
gas technique.  Nitroethane administration reduced methane emissions 24-28%, 
demonstrating that this nitrocompound effectively reduced methane production in vivo for 
up to eight days.  Current studies are underway to determine if pre-adaptation with certain 
nitrocompounds enhances the efficacy of ECP against E. coli, Salmonella and 
Campylobacter and to examine long-term effects of nitrocompounds on methane 
emissions. 
 

Use of a Common Polyol to Reduce Carcass surface Pathogens 
 

Effects of a 10% xylitol solution (X) on adhesion of Escherichia coli O157:H7 and 
Salmonella serotype Typhimurium to meat surfaces were examined utilizing three 
approaches. In Experiment 1, rifampicin-resistant strains of E. coli O157:H7 and S. 
Typhimurium were dispersed in xylitol or a peptone solution (containing approximately 
8.9 mean log per ml of each pathogen) and used to inoculate beef outside round meat 
surfaces. Samples were then rinsed with water or not rinsed in a 2X2 factorial arrangement. 
No interaction existed between inoculum type and post-inoculation treatments (P > 0.84). 
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s were inoculated with pathogens at an initial level of 5.5 log CFU/cm2 and 
received a hot (35°C) water wash, 2.5% L-lactic acid spray, 10% xylitol spray, lactic acid 
+ xylitol or hot water + xylitol. Pathogen counts were taken at 0 and 24 h post treatment.
Lactic acid treatments reduced Salmonella by 3.3 log CFU/cm2 at 0 h (P < 0.01) and by 2
log CFU/cm2 after 24 h (P < 0.02). Hot water treatments reduced Salmonella by 1.5 lo
CFU/cm2 at 0 h (P < 0.07). Xylitol did not minimize pathogens (P > 0.62) nor did it 
increase effectiveness of other treatments. These data indicate that xylitol is ineffective at 
preventing E. coli O157:H7 and S. Typhimurium adhesion to meat surfaces. 
 

Nutritional Manipulation of adipose Tissue Deposition in Finishing Steers 
 

Based on observations of variability in insulin sensitivity due to diet in gluc
limited cows, and on observations of substrate preference and utilization patterns by 
adipose depots, we hypothesized that dietary energy source impacts insulin resistance in 
growing/finishing beef cattle, and that this model could provide a mechanism for 
manipulating the relative partitioning of calories into subcutaneous vs. intramuscular
depots. Wagyu and Angus cattle were finished on either hay- or corn-based diets to simila
final BW. Adipose tissue explants were incubated in vitro to evaluate differences in 
glucose and acetate metabolism metabolism due to breed, diet, and tissue type and their 
interactions. Additional tissue samples were incubated in the presence or absence of insulin
to evaluate differences in tissue insulin responsiveness due to the above factors. Breed did 
not affect responses (P > 0.19), nor interact with diet (P > 0.18). Tissue glucose w
greater in steers fed CORN (P = 0.01) and 264% greater in IM vs. SQ (P < 0.01). Glucose-
6-P and fructose-6-P were similar across diets (P > 0.46) and tissues (P > 0.07). Diet did 
not impact acetate incorporation into FA (P = 0.42). Diet by insulin interactions
glucose utilization (P < 0.05). Insulin did not increase conversion of glucose to CO
lactate in st
a

ose oxidation than IM (P = 0.04), and 290% greater acetate incorpor

(P = 0.99). These results suggest that feeding HAY limited both glucose supply and 
tissue capacity to increase glucose utilization in response to insulin without altering
synthesis to FA. Because SQ consistently utilized more acetate and oxidized more g
than IM, these results suggest that HAY diets may alter IM metabolism with less impact 
SQ. 
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Characterization of Feed Efficiency Traits in Growing Calves 
 

Feed efficiency is an important trait to consider in developing selection programs t
identify cattle that are more economically and environmentally sustainable to produce. 
Residual feed intake (RFI) is an alternative feed efficiency trait that measures variation in 
feed intake beyond that needed to support maintenance and growth requirements.  RF
calculated as the difference between an animal's actual feed intake and the feed an anima
is expected to consume based on its BW and ADG.  Objectives of these studies were to 
characterize feed efficiency traits in growing steers and heifers and to examine correl
responses with performance, ultrasound, and temperament traits.  Santa Gertrudis st
= 120) and Brangus heifers (N = 120) were individually fed in separate studies roughage-
based diets (ME = 2.2 Mcal/kg) using Calan gate feeders.  The steers were subsequently 
fed a finishing diet and harvested to examine relationships between feed efficiency and 
carcass quality traits (tenderness, calpistatin activity, LD lipid).  The heifers are currently
being bred and a grazing trial will be conducted to examine relationships between fee
efficiency and reproductive traits and subsequent forage intake and grazing performance. 
In both studies, residual feed intake (RFI) was calculated as the residual valu
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obtained at the start and end of the studies.  In both studies, RFI was positively correlated 
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Considerable genetic variation is known to exist in efficiency of feed utilization in 
eef cattle, but the expense of measuring feed intake in cattle has prevented the 

plementation of selection programs that target this trait. Moreover, the traditional 

re
ment) and ultrasound measures of backfat, ribeye area and intramuscular fat 

MI (0.68 to 0.70) and feed:gain ratio (FCR; 0.56 to 0.59), but not BW or ADG. I
contrast, FCR was negatively correlated with ADG (-0.68 to -0.70) but not DMI or B
Calves with low RFI (< 0.5 SD from mean) consumed 15-18% less DMI and had 15-17%
lower FCR than calves with high RFI (> 0.5 SD from mean), even though ADG an
were similar for low and high RFI calves.  RFI tended to be correlated with gain in 
ultrasound backfat (0.10 to 0.16) suggesting the calves with low RFI tended to be leaner.  
In both studies, exit velocity was negatively correlated with ADG (-0.26 to -0.28) and
(-0.31 to -0.22), suggesting the calves with calm temperaments (slow exit velocity) 
consumed more DMI and gained faster than calves with excitable temperaments.  
However, exit velocity was not related to RFI.  In steers, RFI measured during the growing
phase was positively correlated (0.48) with RFI measured during the finishing phase.  The
correlation between FCR measured during the two phases was only moderately correlated 
(0.22), suggesting that RFI may be a more appropriate trait to assess feed efficiency acros
various production phases. RFI was correlated with carcass backfat (0.29) and yield grade 
(0.28), but was not correlated with REA, marbling, quality grade, tenderness, or calpista
activity. These results suggest that phenotypic variation in RFI measured during the 
finishing phase prior to harvest was not associated with variation in carcass quality trait
but that steers with low RFI (more efficient) were slightly leaner. Current studies are 
underway to determine the biological basis (e.g., composition of growth, digestibility,
energy expenditure) for genetic variation in RFI of growing calves. 
 

Commercialization of Feed Efficiency Technologies for the Seedstock Industry 
 

b
im

 109



 

measure of f rowth and 
mature size, such that selection for improved FCR will lead to increases in cow mature 
size.  R

ost 
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t 
) fed ad libitum; 2) 

iber-based (no grains, based on wheat midds and cottonseed hulls) fed ad libitum; 3) 
Lim
Blended diet (50:50 mixture of diets 1 and 2 fed ad libitum). Diets were fed for 56 d. 
Intrave

ield work 

eed efficiency (feed conversion ratio; FCR) is inversely related to g

ecent developments provide opportunities to improve the genetic merit of Texas 
beef cattle for feed efficiency: (1) emerging commercialization of new technologies to c
effectively measure feed intake and growth in cattle and (2) discovery of a new efficiency 
trait (residual feed intake; RFI) that facilitates selection of efficient cattle without 
impacting growth or cow mature size. A GrowSafe® feed-intake system equipped with 18 
feed bunks was recently purchased as part of a joint partnership between the Beef 
Development Center (BDC) at Millican, TX and the Department of Animal Science.  This
feeding system was installed at the BDC in July 2004 and two performance tests have 
since been conducted with producer-owned bulls. Individual DMI, growth, ultrasound and
feeding behavior traits were measured in 240 Angus and Brangus bulls fed a corn silage 
based diet (ME = 2.78 Mcal/kg) using a GrowSafe feeding system. As expected, RFI wa
correlated with DMI (0.59) and FCR (0.53), but not ADG or BW. Bulls with low RFI (< 
0.5 SD from mean) consumed 15% less DMI and had 16% lower FCR than bulls with h
RFI (> 0.5 SD from mean) despite the fact that low and high RFI bulls gained and weighed
the same during the performance tests. Feeding duration and frequency was not correlated 
with DMI, ADG and FCR, but was correlated with RFI (r = 0.41 and 0.17 for feeding 
duration and frequency, respectively). Bulls with low RFI spent less (P < 0.01) time a
feed bunk (111 vs 131 ± 2.9 min/d) and had fewer feeding events (4.8 vs 5.1 ± 0.08 
events/d) than bulls with high RFI, suggesting that feeding behavior traits may be 
predictive of RFI, but not FCR. Data from these tests have been used to construct a three-
trait (RFI, ADG and yearling BW) selection index for bulls with the objective set to 
increase feedlot profitability of market progeny. Results demonstrate that this feeding 
system can be successfully employed in commercial performance-test facilities to m
feed efficiency in bulls. 
 

Current Studies 
 
Impacts of dietary energy source on adipose deposition rate and insulin sensitivity in 
growing steers 

Due to observations of dietary effects on adipose sensitivity to insulin and 
alterations in glucose and acetate metabolism (see above), we hypothesize that diets that 
are propiogenic will enhance insulin sensitivity and increase the proportion of dietary 
energy partitioned to intramuscular adipose tissue. Conversely, we hypothesized that diets 
high in degradable fiber (more acetogenic) would reduce insulin effects and thus resu
greater accumulation of subcutaneous fat as a proportion retained energy. Steers were 
assigned to one of 4 growing phase strategies to evaluate the relationships of dietary 
energy source and energy intake on growth rate, whole-animal insulin sensitivity and fa
deposition. Treatments consist of 1) Starch based (~80% Flaked corn
F

it-fed starch based (diet #1 fed to achieve similar ME intake as treatment 2); and 4) 

nous glucose tolerance tests were conducted on d 0, 28, and 56. Ultrasound scans 
and BW measurement were conducted on d -2, 26, and 54. As of PNC meeting, f
will be complete, sample analysis underway. A finishing phase of this trial is also 
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underway. Study conducted at Amarillo Agricultural Research and Extension 
Center/Bushland Filed Station.  
 
Nutrition X biological type interaction effects on growth & nutrient partitioning in 
growing cattle 

In an effort to evaluate lifetime effects of early exposure to different dietary
sources on energy partitioning and their potential interaction with biological type, early 
weaned calves (avg = 120 d) were received (avg. wt . = 210 lb) into a forage-based
grain-based growing program, followed by a rolled corn- rolled milo finishing program. 
Calves are Mashona-sired out of dams produced from a 3-breed diallellic mating system
Growth responses and fat deposition patterns are being monitored with serial 
ultrasonography and carcass attributes will be evaluated at slaughter. Results from this tri
will be utilized in an effort to characterize calves early in life by their potential to respond 
to intensive vs. extensive management programs, and cumulative effects of these 
categories on production efficiency and product value. Study in progress at McGregor 
Field Station. 
 
Acetogenic versus propiogenic supplements for stocker cattle grazing ryegrass 
pastures 

Steers grazing ryegrass pastures are being supplemented with grain- or rough
energy supplements. A negative control is also included. Based on the above findin
hypothesize that these supplements will not differentially impact growth rate, but will 
impact deposition of subcutaneous fat relative to intramuscular fat. Serial ultrasonogr
is being used to evaluate deposition of fat in the different depots. In addition, the use of
dual marker system will allow estimation of individual consumption of forage and 
supplement. These meas

 energy 
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urements will allow estimation of impacts on forage utilization 
fficiency, overall production efficiency responses to treatments, and thus an assessment of 

production costs and projected produ n progress, cattle will be finished 
nd slaughtered in July. 

dicators of residual feed intake in cattle 
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Physiological in

Measuring RFI in beef cattle is expensive due primarily to the cost of meas
feed intake in individual animals.  Identification of physiological indicators that would be
predictive of RFI would be useful as early screening tests to minimize the number of b
that would need to be subjected to a complete RFI evaluation protocol.  Australian research
has shown that serum insulin-like growth factor I (IGF-I) concentrations are genetically 
correlated to RFI (rg = 0.39 to 0.56), and in two studies we have found that IGF-I is 
moderately correlated phenotypically to RFI in growing steers and bulls (r = 0.22 to 0
Mike Davis and coworkers at Ohio State University have been conducting a divergent 
selection study for low and high serum IGF-I in Angus cattle since 1989 (about five 
generations). We are currently examining performance, feed efficiency and ultrasound 
traits in bulls and heifers from these two IGF-I selection lines to determine if selection fo
low IGF-I concentrations results in calves with improved feed efficiency, and to furthe
examine the relationships between RFI and the GH/IGF-I axis in cattle. 
 
 

 111



 

Feedlot Performance of a New Distillers Byproduct (Dakota Bran C

1

ake) 
 for Finishing Cattle 

V. R. Bremer , G.E. Erickson 1, T.J. Klopfenstein 1, M. L Gibson 2, K. J. Vander Pol 1, 

ebraska, Lincoln; Dakota Gold Research Association, Sioux Falls, SD 
 

ed 
lot 

) 
nd 45 % DB 

 basis).  
y to 

e assigned randomly to treatment within block with five/treatment and 12 
teers/pen.  Steers were fed for 116 d and slaughtered on d 117 at a commercial abattoir.  

d 
s level of DB in the diet increased and a significant quadratic response (P < 

0.01) fo
 

 

nd 

e level and 
ibrozymeTM (Alltech, Lexington, KY) supplementation on performance and carcass 
haracteristics of finishing beef steers.  One hundred eighty-four yearling steers (initial 

and M.A. Greenquist 1

1University of N 2

Three hundred crossbred yearling steers (BW = 837 ± 44 lb) were utilized in a randomiz
complete block design to evaluate the effect of level of Dakota Bran Cake (DB) in feed
rations on animal performance and carcass characteristics. Dakota Bran Cake is a new 
distillers byproduct feed produced as primarily corn bran plus distillers solubles (53% DM
containing 14.9% CP (DM basis).  Dietary treatments consisted of 0, 15, 30, a
and 30% dried distillers grains plus solubles (DDGS), replacing corn (DM basis).  Basal 
ingredients consisted of high-moisture corn and dry-rolled corn, fed at a constant 1:1 ratio 
(DM basis), plus ground alfalfa hay and dry supplement each fed at 5% of diet (DM
Steers were blocked by weight, stratified by weight within block, and assigned randoml
pen.  Pens wer
s
There was a significant linear increase (P < 0.01) in final BW, ADG, G:F, diet NEm an
diet NEg a

r DMI as level of DB in the diet increased.  With the exception of HCW, there 
were no significant differences (P > 0.05) for carcass characteristics.  These results indicate
the new DB byproduct has feeding performance similar to DDGS at the same inclusion
level.  Feeding DB in this trial, up to 45% of the diet, resulted in improved performance 
compared to feeding high-moisture/dry-rolled corn, suggesting energy value 100 – 108% 
of corn, depending on diet inclusion level.  
 
Treatment a: 0 DB 15 DB 30 DB 45 DB 30 DDGS SE 
Final BW, lb 1b 1273 1302 1315 1331 1301 8 
DMI, lb/d 25.1 26.8 27.1 26.9 26.3 0.3 

7 4.01 0.07 ADG, lb 3.76 4.02 4.10 4.2
G:F 

b Calculated from HCW divided by a common dress of 63%. 
c Calculated with iteration process for net energy calculation based on performance  
  (Owens et al., 2002) 

 
 

Effects of Roughage Level and FibrozymeTM Supplementation on Performance a
Carcass Characteristics of Finishing Beef Steers 

J. J. Cranston and C. R. Krehbiel 
Oklahoma State University, Stillwater 

 
he objective of this experiment was to determine the effects of roughag

0.149 0.149 0.150 0.157 0.152 0.002 
Diet NEg c, Mcal/cwt.   58.52   58.29    58.80   61.47      59.27 0.7 
a DB = Dakota Bran Cake, DDGS = dried distillers grains plus solubles  

T
F
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BW = 
factorial arrangement of treatments olled corn-based finishing diets; 
tre
(9N); 2) 9.0% alfalfa hay with Fib ) (9Y); 3) 4.5% alfalfa hay 
w

teers in the heaviest weight block were slaughtered on d 126; steers in the remaining three 
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. J n

as S niv  Ma n 
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sed on regression analysis, ADG and feed efficiency were 
optimized (Quadratic, P<0.01) at approximate y 15% sorghum wet DGS (dry basis).  
R
(
Experiment two util  114 day finishing 
study to evaluate 1)effecti lfa hay, 2) comparison of 

et and dry DGS, and 3) omplete removal of 
rcass 

 fat 
 

343 ± 42.1 kg) were used in a randomized complete block design with a 2 x 2 
.  Steers were fed dry r

atments (8 pens/treatment) included (DM basis): 1) 9.0% alfalfa hay without Fibrozyme 
rozyme (10 g·steer-1·d-1

ithout FibrozymeTM (4N); 4) 4.5% alfalfa hay with Fibrozyme (10 g·steer-1·d-1) (4Y).  
S
weight blocks were slaughtered on d 159.  Steers were implanted (Component E-S) at the 
initiation of the trial and reimplanted (Revalor-S) on d 56.  Enzyme supplementation 
increased (P = 0.05) carcass-adjusted final BW.  From d 0 to slaughter, neither DMI no
ADG was affected (P ≥ 0.13) by treatment; however, enzyme supplementation increased 
(P = 0.10) carcass-adjusted ADG.  Roughage level x enzyme supplementation interactions 
were detected (P ≤ 0.08) for carcass adjusted final BW, carcass-adjusted ADG, and 
carcass-adjusted G:F.  These interactions resulted in steers being fed the 4Y diet having 
greater performance (P ≤ 0.07) than steers fed the 4N diet; no differences were observed (P 
≥ 0.55) between steers fed the 9Y or 9N diets. An enzyme effect (P = 0.05) and roughage 
level x enzyme supplementation interaction (P = 0.08) were detected for HCW.  Steers fe
the 4Y diet had heavier (P = 0.01) HCW than those receiving the 4N diet; however, no 
difference was detected (P = 0.86) between steers fed the 9N and 9Y treatments.  A 
roughage level x enzyme supplementation interaction was also detected (P = 0.06) for 
yield grade scores, with steers fed the 4N diet having lower (P = 0.04) yield grades than
steers fed the 4Y diets; steers fed the 9N and 9Y diets did not differ (P = 0.53).  No other 
carcass measurements were affected (P ≥ 0.17) by treatment.  When dry rolled corn-base
finishing diets were fed, Fibrozyme supplementation was more efficacious in diets 
containing 4.5% alfalfa hay compared with diets containing 9.0% alfalfa hay.  
 

Optimiz in Steam
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Three different experim nts were onducte  using di iller’s gr ns with so

und
le Gs (D

and tsteam-flaked corn based finishing diets.  The first experiment used six h
even heifers (849 lb) to determine optimal level of sorghum wet DGS in

d
 ds

finishing study.  Inclusion levels of sorghum wet DGS were 0, 8, 16, 24, 32, and 40%
matter intake linearly decreased (P=0.01) with increasing leveldry matter basis.  Dry 

sorghum wet DGS.  Ba
l

ibeye area decreased (P=0.01) while USDA yield grade and marbling score increased 
P=0.02 and P=0.08, respectively) as the proportion of sorghum wet DGS increased.  

ized two 0 lb) in ahundred and ninety-nine steers (80
veness of DGS as a replacement for alfa
comparison of sorghum and corn DGS.  Cw

alfalfa hay from sorghum DGS resulted in a decrease (P<0.01) in DMI, ADG, and ca
weights, but had no effect on feed efficiency (P=0.78).  USDA yield grade and 12th rib
thickness decreased when alfalfa hay was removed (P<0.05).  These results suggest that
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complete removal of alfalfa hay is not recommended with 15% inclusion of DGS in s
flaked corn finishing diets.  Dry matter intake and ADG were similar (P>0.29) for steers 
fed sorghum wet DGS and sorghum dry DGS; however, feed efficiency tended to be lower 
for steers fed sorghum wet DGS (P=0.08).  Dressing percent was lower (P=0.01) for s
fed sorghum dry DGS.  Carcass weights, carcass merit, and liver abscess were not differ
(P>0.22) between sorghum dry and sorghum wet DGS.  This research suggest that 
sorghum wet and sorghum dry DGS have a similar feeding value; however, steers fed 
sorghum wet DGS tended to be more efficient.  Dry matter intake, ADG, feed efficien
and carcass weights were similar between sorghum and corn DGS treatments (P>0.12).  
Steers fed corn DGS dressed better (P=0.01) than steers fed sorghum DGS.  Carcass 
characteristics, including liver abscesses, did not differ (P>0.31) between sorghum and 
corn DGS.  This research suggests that DGS derived from sorghum and corn grains a
comparable products.  Experiment three utilized six hundred and ten yearling heifers (76
lb) in a 118 day finishing study.  Two different steam-flaked corn finishing diets with 13% 
(dry matter basis) of a dried corn DGS (DDGS) or a partially de-germed (DEGERM) corn 
DDGS were compared to a control diet (CONTROL) which had no DDGS.  Dry matter 
intake, ADG, feed efficiency, carcass weights, and carcass merit were similar (P>0.17) 
between CONTROL and the two DDGS diets.  However, heifers fed the DDGS cons
more (P=0.01) feed and tended (P=0.07) to gain more weight than heifers fed the 
DEGERM.  Feed efficiency and carcass weights did not differ (P>0.42) between DDGS 
and DEGERM.  The key point in this study is that the partial removal of the corn germ in 
the DEGERM resulted in lower intakes and gains when compared to a more traditional 
DDGS. 
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Effects of Feeding Polyclonal Antibody Preparations Against Streptococcus bovis or 
Fus ed 

N. DiLorenzo, F. Diez-G rson, and A. DiCostanzo 

 

-grain 
 

5% CP, 
ment 

. 

s 

 

obacterium necrophorum on Target Bacteria Populations and pH of Steers F
High-Grain Diets 
onzalez, J. E. La

University of Minnesota, St. Paul 

Three factorial experiments were designed to test the efficacy of avian-derived polyclonal 
antibody preparations (PAP) against Streptococcus bovis (PAPSb) or Fusobacterium 
necrophorum (PAPFn) in reducing rumen counts of target bacteria in steers fed high
diets with or without feed additives (FA; 300 mg monensin/hd/d and 100 mg tylosin /hd/d). 
Sixteen rumen cannulated steers were fed a diet comprised of 83% corn grain, 12% corn 
silage and 5% supplement on DM basis.  Diet supplied 1.39 Mcal NEg/kg DM, 12.
0.65% Ca, and 0.35% P. Polyclonal antibody preparations were top-dressed. In Experi
1, feeding increasing doses of PAPSb reduced S. bovis counts in a cubic response (P < 
0.05).  Inclusion of FA had no effect (P > 0.15) on rumen S. bovis counts.  Counts of F
necrophorum were reduced (P < 0.05) by feeding FA.  Feeding PAPSb or FA alone had no 
effect (P > 0.15) on rumen S. bovis counts, but feeding PAPSb and FA reduced (P < 0.05) 
rumen S. bovis counts relative to feeding either FA alone (Experiment 2). Rumen pH wa
greater (P < 0.05) in steers fed PAPSb, FA or both.  In Experiment 3, rumen F. 
necrophorum counts were reduced (P < 0.05) by feeding PAPFn, FA or both.  When 
feeding PAPFn and FA together, counts of F. necrophorum were greater (P < 0.05) than 
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when feeding FA alone.  Counts of S. bovis or rumen pH were not affected (P > 0.15) by 
feeding PAPFn.  Total anaerobic counts were not affected (P > 0.15) by feeding either PA
(Experiments 1 and 3). In conclusion, avian-derived PAP were effective in reducing rumen 
counts of target bacteria.  Specificity of the PAP was demonstrated as they did not affect 
counts of other rumen bacteria measured. Thus, PAP against S. bovis or F. necrophorum 
could be effective in preventing the pathogenic situations associated with these bact
and perhaps enhance animal performance. 
 
 

Winter Rye Pasture-based Production Programs for Growing Beef Cattle 
K.E. Hales

P 
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rylot all other times; 4) drylot, steers were backgrounded in drylot with ad libitum 

ccess to hay and soybean hulls.  Steers were on pasture for 140, 115, and 118 days during 
000, 2001, and 2002 respectively.  Final weight and weight gain of steers on the 

c
or
and drylot than for the full time and ents.  Additionally, soybean hull 
intake was g limit-
grazed cattle being intermed aximized in the 
onventional and full time treatments, gain per acre was greater in the limit-graze and 

 
n score, 

 

2, E.M. Whitley1, and G. W. Horn2

1The Noble Foundation; 2Oklahoma Agricultural Experiment Station 
 
Three studies were conducted near Burneyville, Oklahoma from December 2000 through 
April 2002 using a completely randomized design to evaluate different production 
programs for growing cattle on rye pasture.  A total of 112 acres were divided into 6 
pastures.  In December of each year fall-weaned calves (about 487 lb), were weighed an
randomly allotted to one of four grazing treatments.  Treatments included:  1) 
conventional; steers grazed rye pasture(1.15 ac/steer) and were given ad libitum ac
hay; 2) full-time; steers grazed rye pasture (1.05 ac/steer) and were given ad libitum acces
to hay and soybean hulls; 3) limit-graze; steers in drylot were allowed to graze rye pasture 
(.60 ac/steer) every other day for 4-6 hours and had ad libitum access to hay and soybean
hulls in d
a
2
onventional and full time treatments were greater (P<0.05) than steers limit-grazed on rye 
 backgrounded in drylot.  Hay intake was greater (P<0.01) for steers in the limit-graze 

 conventional treatm
reatest for drylot cattle and least for the full time treatment with the 

iate.  Although gain per steer was m
c
drylot treatment groups.  An economic analysis will be conducted to compare cost of 
weight gains and profitability of the different production programs. 

 
 

Effects of Feeding Regimen and Optaflexx™ on Non-dairy Type Cull Cow 
Performance and Carcass Characteristics 

S.F. Holmer, J. Homm, F.K. McKeith, L.L. Berger, and J. Killefer 
University of Illinois, Urbana 

 
Effects of feeding Optaflexx™ on cull cow performance and carcass characteristics were 
evaluated in a randomized complete block design involving 60 cull cows (505 ± 64.7 kg) 
randomly assigned to one of three treatments: Control, Fed, and Fed+Optaflexx™.  Cows
were allotted to pens (five animals per pen) by weight, hip height, body conditio
and ultrasonic backfat thickness.  Control cows were fed 90% corn silage and 10% 
supplement diet on a dry matter basis (DMB).  Fed and Fed + Optaflexx™ cows received
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a ration consisting of 20% corn silage, 20% dried distillers grains, 50% dry cracked corn,
and 10% supplement on a DMB.  Cows were fed for 57d, with the Fed + Optaflexx™ 
group receiving Optaflexx™ (200 mg/head/d) for the last 35 d.  Control cows had lower 
(P < 0.05) body weights and average daily gains after 22 and 57 days on feed than fed 
cows, however fed and Fed+Optaflexx™ cows were similar (P > 0.05).  Carcass weight, 
ribeye area, KPH, marbling, quality grade, adjusted fat thickness, and YG increased (P <
0.05) with the feeding of a high concentrat

 

 
e diet.  Fed cows had higher fat Minolta L* 

ore youthful lean color and less yellow fat (P < 0.05) as measured 
 Fed + Optaflexx™ cows had numerically 

highe ed 
cows, however these w  maturity and fat 
Minolta icate 

 for 57 d improved performance and carcass 

lone, 

c 

) 
iet (ME = 

r 84 

d residual gain 
efficiency (RGE) were computed as the residuals from appropriate linear regression 
models involving DMI, ADG and mid-test BW.75 (MBW). Partial efficiency of growth 
(PEG re 
1.44 (SD = 0.26) and 8 .28) and 10.07 (SD = 
1.35) kg/d in 0.53), but 
not ADG or MBW. Bulls with 15% less DMI and had 16% 
lower FCR than bulls with high RFI (> 0.5 SD MI (-
0  

 

d 

values (P < 0.05), m
subjectively and objectively than controls. 

r values for carcass weight, dressing percentages, and ribeye area compared to f
ere not (P > 0.05) statistically different.  Lean

L* values were lower compared to Fed cows (P < 0.05).  These results ind
that feeding cows a high concentrate diet
characteristics, compared to maintenance fed cows.  The addition of Optaflexx™ in the 
last 35 d of feeding showed numeric improvements over high concentrate feeding a
but few statistical differences (P > 0.05).  More research may be warranted to explore the 
possible advantages to Optaflexx™ due to the extreme variability that is associated with 
feeding cull cows.  

 
 

Evaluation of  Feed Efficiency Traits in Growing Bulls and Relationships with  
Feeding Behavior and Ultrasound Carcass Estimates  

P. A. Lancaster1, G. E. Carstens1, D. H. Crews, Jr.2 and S. A. Woods1

1Texas A&M University, College Station; 
 2Agriculture and Agri-Food Canada, Lethbridge, AB 

 
Objectives of this study were to characterize feed efficiency traits and examine phenotypi
correlations with performance, ultrasound composition, and feeding behavior traits in 
growing bulls. Individual DMI and feeding behavior were measured in Angus (n = 214
and Brangus (n = 26) bulls (initial BW 368.4 ± 46.1 kg) fed a corn silage based d
2.78 Mcal/kg) using a GrowSafe feeding system. DMI and 14-d BW were measured fo
and 91 d in test 1 and 2, respectively, and ultrasound subcutaneous fat depth (BF) 
measured at start and end of each test. Residual feed intake (RFI) an

) was computed as ADG divided by DMI for growth. Overall ADG and DMI we
.51 (SD = 1.10) kg/d in test 1 and 1.73 (SD = 0

 test 2, respectively. RFI was correlated with DMI (0.59) and FCR (
 low RFI (< 0.5 SD) consumed 

). PEG was strongly correlated with D
.51) and RFI (-0.85), but moderately correlated with ADG (0.29) and MBW (-0.25). Bulls

with low RFI had favorable PEG (0.36 vs 0.26) compared to bulls with high RFI. RGE was
correlated with RFI (-0.61), but was strongly correlated with ADG (0.74). Gain in BF was 
correlated with ADG (0.31) and DMI (0.29), and tended (P < 0.10) to be correlated with 
RFI (0.11). Feeding duration was not correlated with DMI or ADG, but was correlate
with RFI (0.41) and PEG (-0.20). Feeding frequency was not correlated with DMI or 
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ens/diet). Treatments were 1) control – no added fat; 2) tallow; 3) dry-

rolled soybean; 4) whole high-linoleic sunflower seed; 5) whole mid-oleic (66.7% of oil) 
sunflower seed; 6) whole high-oleic (86.8% of oil) sunflower seed.  Diets contained steam-
flak  
to contain 14% C d 90 mg 
tylosin dai 6.0% 
(DM basis) for treatmen ere removed from one 
side of 108 carcas nalysis of meat 
ensory attributes and fatty acid profiling of fat from the longissimus muscle.  Ribs were 

 
ly (P 
 

01) 
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5).  
 

DG, but was correlated with RFI (0.17). Bulls with low RFI had lower (P < 0.05) feeding
duration and frequency than bulls with high RFI. These results suggest that feeding 
behavior may be an indicator of RFI. Compared to other feed efficiency traits examined in
this study, RFI will facilitate selection for improved feed efficiency with minimal 
responses in growth or composition traits. 
 
 
Effects of Source of Lipid on Finishing Cattle Performance, Carcass Characteristics, 
Meat Sensory Attributes, and Longissimus Muscle Fatty Acid Profile from Yearling 

 Beef Steers 
E. R. Loe1, J. S. Drouillard1, T.J. Kessen1, M.J. Sulpizio1, J.J. Sindt1, S.P. Montgomer 1

M.A. Greenquist1, B.E. Depenbusch1, E.J. Good1, and F. N. Owens2

1Kansas State University, Manhattan; 
 2Pioneer Hi-Bred International, Inc., Des Moines, IA 

 
Crossbred steers (n = 376; 749 ± 46 lb) were fed for 132 d to evaluate effects of lipid 
source on feedlot performance and carcass merit.  Steers were blocked by BW and allotted
randomly to diet (9 p

ed corn (mean = 72%) and 6.3% ground alfalfa hay (DM basis), and were formulated
P, 0.8% Ca, 0.75% K, and to provide 300 mg monensin an

ly; analyzed dietary fat concentrations were 3.2, 6.6, 6.5, 6.8, 7.1, and 
ts 1 through 6, respectively.  Rib sections w

s (2 carcasses/pen) approximately 24 h postmortem for a
s
de-boned, packaged in impermeable vacuum bags, and stored at 0°C. After 14 d of storage, 
rib sections were removed from the vacuum packages and cut into steaks for sensory 
analysis by trained panelists.   For the randomized complete block design, pen was the 
experimental unit; data were analyzed with PROC MIXED of SAS.  Compared to steers 
fed rolled soybeans, steers fed sunflowers consumed 6% more feed (P = 0.007, DM basis), 
7% more lipid (P < 0.001), and gained 7% faster (P = 0.02); steers fed tallow were
intermediate; as oleic acid content of the sunflowers increased, DMI increased linear
= 0.001) but lipid intake decreased linearly (P = 0.02) and quadratically (P < 0.001). 
Steers receiving lipid were 9% more efficient (P < 0.001) and had more KPH fat (P = 0.
than steers not receiving lipid.  Steers fed tallow had fewer USDA Standard carcasses (P = 
0.03) and tended (P = 0.06) to produce more USDA Choice carcasses than steers fed 
vegetable oils.  Compared with those receiving mid-oleic sunflowers, steers fed high-oleic 
and linoleic sunflowers had greater 12th rib fat thickness, more KPH fat, higher USDA 
Yield Grades, and fewer USDA Yield Grade 1 carcasses (quadratic response; P < 0.02).  
Marbling linearly increased with oleic acid content of sunflowers (P = 0.03; marbling 
scores of Slight 53, Slight 47, and Slight 74 ± 12).  Intensity of beef flavor was greater for 
cattle fed no added lipid than for cattle fed added lipid (P < 0.01).  Off-flavor intensity was
greater for steers receiving supplemental lipid (P < 0.05).  Steak tenderness was greater fo
steaks from cattle fed mid-oleic vs linoleic and high-oleic sunflowers (quadratic; P < 0.0
Intensity of beef flavor and off-flavor intensity responded quadratically (P < 0.001) to
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dietary oleic acid; steaks from cattle fed mid-oleic sunflowers had greater intensity of beef 
flavor and lower intensity of off-flavor than steaks from cattle fed high-linoleic or hi
oleic sunflowers.  Steaks from cattle fed soybeans had more C18:2 fatty acids than steaks 
from steers fed sunflowers.  Oleic acid content of steaks increased and linoleic acid
decreased (linear; P < 0.001) with increasing concentration of

gh-

 
 oleic acid in sunflowers.  

ipid source and fatty acid profile can influence feedlot performance and carcass 
haracteristics of yearling steers influence flavor intensity and fatty acid profile of beef. 

Effect of Optaflexx  on Finishing Performance of Steers and Heifers 

Corr er1,  

1Kansas State U ; 3Cattlemen’s 
Nutrition Services, Lincoln 
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E.R. Loe1, M.J. Quinn1, D.K. Walker1, B.E. Depenbusch1, A.S. Webb1, M.E. 
igan1,T.J. Klopfenstein2, G.E. Erickson2, B.D. Dicke3, E.C. Titgemey

and J.S. Drouillard1 

niversity, Manhattan; 2University of Nebraska, Lincoln

 
Three experiments were conducted to evaluate the response to Optaflexx on finishing 
performance and carcass characteristics of steers and heifers.  In Exp.1, 2,015 crossbred 
steers (891 lb at reimplant) were fed for 98 days (range of 84 to 127 days) in a randomized
complete block design.  These steers were fed a flaked corn (71.3% DM basis) diet three 
times daily that contained 15.4% wet distiller’s grains with solubles at a commercial 
feedyard near Larned, KS.  They were implanted with Component® TE−S with Tylan
days prior to slaughter.  At the time cattle were given their terminal implant, they were 
sorted into treatment groups.  Treatments were Control and Optaflexx (0 or 200 
mg/head/day of ractopamine HCl) fed for the last 29 days prior to slaughter.  Three 
hundred crossbred heifers were fed a flaked corn/alfalfa hay diet (79.6% flaked corn/6.0%
alfalfa hay, DM basis) for 75 days in Exp. 2.  The heifers were housed in 24 feedlot pens, 
received a Revalor® H implant 90 days prior to slaughter, and were fed once daily.  Af
being blocked by weight, heifers were assigned to receive either 0 or 200 mg/head/day 
ractopamine HCl.  Loins were harvested from three heifers randomly selected from each 
pen for analysis of shear force, cooking loss, and color change during a 7-day retail 
display.   In Exp. 3, 72 crossbred heifers were individually fed for 77 days.  These h
were blocked by weight in a randomized complete block design with a 2 × 3 factorial 
arrangement of treatments to evaluate the effect of Optaflexx when protein sources var
in DIP were fed.  Factors were: 1) 0 or 200 mg/head/day ractopamine HCl; and 2) protein 
source (urea, solvent extracted soybean meal (SBM), or expeller extracted SBM).  All data 
are from the Optaflexx-feeding period that lasted 28 or 29 days.  Steers fed Optaflexx
added 16.5 lb of live weight gain, 0.62 lb/day ADG, and 11 lb of carcass, tended to 
consume more feed (P = 0.07), and were 13.9% more efficient.  There was no effect on 
number of bullers, dressing percentage, or USDA Quality Grade (P > 0.25).  The 
percentage of carcasses grading USDA YG 2 was greater for Control and percentage 
grading USDA YG 4 was greater for Optaflexx (P < 0.05).  Heifers that received 
Optaflexx in Exp. 2 were 9.6% more efficient (P = 0.06).  Feed intake, daily gain, carcass 
weight, USDA Quality and Yield Grades, fat thickness, or ribeye area were not affected by 
treatment (P > 0.17).  There was no effect of treatment on shear force, cooking loss, or 
color during the retail display (P > 0.11).  There was no main effect of protein source o
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performance or carcass characteristics of heifers in Exp. 3 (P > 0.54).  Heifers fed 
Optaflexx gained faster; however, there was a protein source × Optaflexx interaction (P = 
0.04), where, within No-Optaflexx treatments, heifers fed expeller SBM gained faster than
those fed urea and, within Optaflexx, the converse occurred.  This interaction was no
observed for carcass-adjusted gains.  Optaflexx-fed heifers were 27.3% more efficient an
tended (P = 0.10) to have heavier carcasses.  No other measurements were affected
treatment (P > 0.17).  Typical metabolizable protein supply is adequate for Optaflexx-fed

 
t 

d 
 by 

 
heifers.  Optaflexx improved feed conversion 13.9, 9.6, and 27.3% in Exp. 1, Exp. 2, and 
Exp. 3, respectively, with no effect on quality grade or meat attributes. 
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ffect of Corn Hybrid and Processing Method on Digestibility and Ruminal
Fermentation 

M. K. Luebbe1, G. E. Erickson1, T. K. Klopfenstein1, and W. A. Fithian2

1 Nebraska-Lincoln; 2J.C. Robin

Six ruminally cannulated steers (BW = 436 ± 8 kg) were used in a 6x6 Latin square 
designed experiment to determine the effects of corn hybrid and processing method on 
nutrient digestibility and ruminal fermentation.  Treatments consisted of three hybrids: H-
8562 (1), 33P67 (2), and H-9230 (3), processed either as dry-rolled corn (DRC), or high-
moisture corn (HMC) in a 3x2 factorial arrangement.  Periods were 14 d, with a 9 d 
adaptation, and a 5 d collection of feces, continuous pH, and intake patterns.  Ruminal 
fluid samples were taken on d 14 of each period prior to feeding and at 2 h intervals for 
h after feeding.  In a previous experiment, ADG: DMI was 0.185 for cattle fed hy
compared with ratios of 0.175 and 0.169 for cattle fed hybrids 2 and 3, respectively. 
Stenvert hardness tests indicate that hybrid 1 has the softest kernels followed by hybrids 2 
and 3.  An interaction between hybrid and processing method existed (P < 0.05) only for 
propionate molar % and the acetate: propionate ratio (A: P).  DMI and intake rate (%/ h) 
were greater (P < 0.05) for HMC than DRC, and total time spent eating was longer (P < 
0.01) for animals consuming HMC diets.  Total tract DM, OM, and starch digestibilities 
were higher (P < 0.10) for HMC than DRC.  Nutrient digestibilities were also higher
0.05) for hybrid 1 compared to hybrids 2 or 3.  There were no differences (P > 0.05) in 
average pH.  pH change (maximum to minimum) and pH variance were greater (P < 0.
for HMC than for DRC.  Total VFA concentrations were not influenced by processing 
method or hybrid (P > 0.50).  However, HMC had a greater (P < 0.01) molar % of  
 
Hybrid 1 2 3    
Itema DRC HMC DRC HMC DRC HMC SE Pro Hyb 
OMD, % 79.9 82.5 74.4 78.4 76.3 79.0 2.72 0.04 0.05 
SD, % 96.1 97.0 95.1 96.0 95.3 95.8 0.56 0.02 0.02 
Pro b 36.2 46.2 33.5 39.7 28.6 44.5 2.60 <0.01 <0.01 

A:P b 1.4 0.8 1.5 1.2 2.1 1.1 0.17 <0.01 <0.01 
a Organic matter digestibility, Starch digestibility, Propionate molar %, 
 Acetate:Propionate ratio 
b Hybrid*Process interaction (P < 0.01) 
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propionate than DRC and hybrid 1 had a greater (P < 0.01) molar % of propionate 
hybrids 2 or 3.  The increase in molar % of propionate from DRC to HMC for hybrid 3 
was greater (P < 0.01) than the increase for hybrids 1 or 2.  The A: P ratio was different for 
both processing method and hybrid with HMC having a lower (P <0.01) A:P ratio than
DRC and hybrid 3 having a higher (P < 0.01) A:P ratio than 1 or 2.  Similarly, the decrease
in the A: P ratio for hybrid 3 when fed as HMC compared to DRC was greater than the 
decrease for hybrids 1 and 2. More intense processing methods or selection of hybrids with
softer kernels will result in greater digestibility and more propionate production. 
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Effects of Winter Growing Programs on Subsequent Feedlot Performance, Carcass 

M. P. McCurdy , C. R. K orn , and J. J. Wagner
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Characteristics and Visceral Organ Mass of Beef Steers 
1 rehbiel1, G. W. H 1 2

ahoma State University, Stillwater; 2Continental Beef Research, Lamar,

T
subsequent finishing performance, carcass merit, and visceral organ mass of beef stee
total of 260 steers were utilized for the experiment.  Four steers were randomly selected
an initial harvest group.  Remaining steers were blocked by weight and randomly allotted 
to one of four treatment groups:  1) ad libitum fed high-concentrate diet (CF); 2) grazed o
wheat pasture (WP); 3) fed a sorghum silage-based growing diet (SF); or 4) program
high-concentrate diet (PF).  Steers in the WP, SF, and PF groups were managed to achi
approximately equal rates of BW gain.  After the growing phase (112 d) steers in the WP, 
SF, and PF treatments were adapted to a high-concentrate diet for finishing.  Steers from
all treatment groups were harvested at a backfat of 1.27 cm as determined by ultrasou
and complete carcass data was collected.  In addition, six steers from each treatment group 
were randomly selected for harvest at the end of the growing and finishing phases.  At eac
harvest, weights were collected on the carcass and all individual noncarcass tissues.  
During the growing phase WP, SF, and PF treatments gained 1.21, 1.10, and 1.18 kg/d, 
respectively, with WP steers differing from the SF and PF groups (P < 0.05).  During the 
finishing phase DMI was greater (P < 0.01) for SF steers (10.9 kg/d) than for PF steers 
(10.1 kg/d), with WP steers being intermediate (10.5 kg/d).  Steers in the SF and PF grou
had greater (P < 0.01) ADG (2.05 and 1.92 kg/d, respectively) and greater gain:feed (0.189
and 0.191, respectively) compared with WP steers (1.54 kg/d and 0.146).  Steers in the 
group gained 1.61 kg/d over the entire trial period and reached harvest in fewer days
c
the grow liv ma
WP ste  < 0.0   Silage ed stee had the eaviest  < 0.05) eticu rume   
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with increases in mass of liver, kidney, and small intestine occurring during the growing
phase and increases in reticulo-rumen, large intestine, and mesenteric fat occurring durin
the finishing phase.  Thus  feedlot growing programs may result in greater, more efficient 
gains during finishing resulting from less visceral organ mass and decreased maintenanc
requirements compared with steers grazing wheat pasture. 
 
 

Vaccination Against Escherichia coli O157:H7 in Feedlot Steers and Hei
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R.E. Peterson , D.R. Smith , R.A. Moxley , T.J. Klopfenstein , G.E. Erickson1, 

D. Rogan2, and S. Hinkley1 
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ctum in cattle fed in a research feedlot; (2) field test the effect of vaccination on the 
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1University of Nebraska-Lincoln; 2Bioniche Life Sciences, Inc. 

l trials were conducted to: (1) examine the effects of vaccination o
ability to detect E. coli O157:H7 (EC) in the feces or mucosal cells of the terminal 

re
probability to detect EC in a large-scale commercial feedlot intervention trial; and (3) 
examine the effects of vaccination on colonization of EC in the terminal rectum of 
commercially fed cattle.  (1) Steers (n=288) were assigned randomly to 36 pens (8 
head/pen) and to vaccination treatment (VAC or NOVAC; 3 doses at 3 wk intervals).  
Fecal samples were collected from each steer (n=1,416) on d 0 (pre-treatment), and d 14, 
28, 42, and 56 post-treatment by rectal palpation.  Terminal rectum mucosal cells (TRM) 
were collected at slaughter (d-57 post-treatment) by scraping the mucosa of the terminal 
rectum 3-5 cm proximal to the rectoanal juncture.  The outcome variables were recovery of
EC from the feces or TRM. (2) Commercial feedlots (n=19) were classified as either 
feeding or not feeding a DFM (Nutrition Physiology Corp.).  Within feedlots, pens of VAC
(2 doses) and NOVAC cattle were matched by time of testing.  Each pen of cattle enrolled 
in the study was sampled for EC by culturing ropes placed over the feed bunk (ROPES) 
starting at least one week after the second dose of vaccine was given, and continued e
three weeks for four test period samplings.  The outcome variable was the probability for 
pens to test EC-positive.  (3) TRM samples were collected from a subset of pens from the 
cohort described in the second trial.  The sample size for each pen was calculated to 
establish 95% confidence to estimate EC prevalence at 50% with a 15% precision.  EC was 
isolated and identified from each sample previously described using standard methods 
involving selective enrichment, immunomagnetic separation, and PCR confirmation.  Data 
were analyzed using the GENMOD procedure of SAS for trials 1 and 2 and the GLIMMIX 
procedure of SAS for trial 3.  (1) The probability for VAC or NOVAC steers to shed EC i
the feces was not different (OR=0.87, P>0.10).  However, the probability for steers to be 
colonized by EC in the terminal rectum was greatly reduced (OR=0.02, P<0.001) for V
(0.7%) compared with NOVAC (27.0%) cattle. (2) We studied a total of 148 pens of cattle 
(n=21,691 head of cattle). VAC pens were less likely to test ROPES-positive than their 
matched NOVAC pens of cattle (OR=0.63, P=0.009).  However, there was no differen
(P=0.14) in the probability for pens to test EC-positive in feedlots feeding or not feeding 
DFM.  Additionally, month (P<0.001), region (P<0.001), and pen condition (P=0.03) 
helped to explain the probability for pens of cattle to test positive for EC.  (3) Cattle were 
systematically selected from within 21 pens of cattle (11 VAC, 10 NOVAC) selected by 
convenience from a cohort of 148 pens from a larger study.  We collected TRM on 441 
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cattle from within 13 pens fed DFM and 279 cattle from within 8 pens of cattle not fed 
DFM. We observed a lower probability for EC colonization among vaccinated cattle 
(5.0%) compared with NOVAC cattle (19.9%; OR=0.20; P=0.025) within a feedlot.  
Feeding DFM was not associated with EC colonization (P=0.94).  Data from these three 
clinical trials suggest that vaccination may be a promising pre-harvest intervention for the 
control of EC in commercially fed cattle. 
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Dietary Energy Source Impacts Insulin Sensitivity in Finishing Steers  

Texas A&M University, College Station 

Angus (n = 8; 210 kg) and 7/8 Wagyu (n = 8; 174 kg) steers were used to test effects o
dietary energy source on adipose tissue metabolism and insulin sensitivity. Steers were 
assigned to either a grain-based (CORN) or hay-based (HAY) diet to gain .85 kg/d and
kg/d, respectively. Steers were fed to similar final BW. At slaughter, subcutaneous (SQ
and intramuscular (IM) adipose samples were collected. Portions of SQ and IM wer
cultured with ^{14}^C-acetate to quantify fatty acid (FA) synthesis, or ^{14}^C-glu
assess the production of C0_{2}_ and lactate in the presence of 0 or 500 ng/ml insulin.
Remaining samples were used to evaluate glycolytic intermediate concentrations as 
indicators of glucose flux. Data were analyzed as a split plot with breed, diet, and their 
interaction in the main plot; and tissue, insulin, tissue by insulin, and their interactions wi
main plot effects in the subplot. Breed did not affect responses (P > .19), nor interact with 
diet (P > .18). Tissue glucose was 28% greater in steers fed CORN (P = .01) and 264%
greater in IM vs. SQ (P < .01). Glucose-6-P and fructose-6-P were similar across diets (P > 
.46) and tissues (P > .07). Diet did not impact acetate incorporation into FA (P = .42). Diet 
by insulin interactions existed for glucose utilization (P < .05). Insulin did not increase 
conversion of glucose to CO_{2}_ or lactate in steers fed HAY, but resulted in a 103% 
increase in glucose conversion to CO_{2}_ and a 50% increase in glucose conversion to 
lactate in steers fed CORN.  SQ had 37% greater glucose oxidation than IM (P = .04), and 
290% greater acetate  incorporation into fatty acids (P = .04). No tissue differences w
observed for glucose conversion to lactate (P = .99). These results suggest that feeding 
HAY limited both glucose supply and tissue capacity to increase glucose utilization in 
response to insulin without altering acetate synthesis to FA. Because SQ consistently 
utilized more acetate and oxidized more glucose than IM, these results suggest that HAY 
diets may alter IM metabolism with less impact on SQ.  

 
 

Influence of a Concentrated Live Yeast as a Supplement for Newly Received Calves 
J. C. Silva and L. W. Greene 

Texas A&M UniversityAgricultural Research and Extension Center, Amarillo 
 

An experiment was conducted to determine the influence of concentrated live yeast (P
Saccharomyces cerevisiae on health and feedlot performance of newly received calves. 
Three hundred crossbreed calves from New Port, Tennessee with an average initial shrunk
BW of 206 kg were received at the Texas Agricultural Research and Experiment Station
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feedlot at Bushland, TX in May 2004. Cattle traveled for approximately 19 hours by a 
standard double deck trailer. Upon arrival cattle were immediately sorted, randomly 
assigned to pens, fed alfalfa hay ad libitum and 1 kg/head of a high roughage diet. An
were allowed to rest and co-mingle within their pen until the following day prior to 
processing. A high roughage diet (5.75 kg/d) consisting of 36% of steam flaked corn, 59% 
of roughage, and 5% of protein/vitamin m

imals 

ineral supplement were daily fed at 0800 h. 
Dietary treatments consisted in a basil diet with and without P7. Animals assigned to yeast 
treatment, consumed 10 g•head-1•d-1 of P7. The P7 was top-dressed on the control ration 
after fee  d 1 
consists in an ass of rectal 
temperature, individual b luded emasculation, 
dehorn, vaccination and treatment for interna  external parasites. Castrated animals 

ns 
 

 

) 

e 

 
a part of a larger experiment in 

which feedlot heifers (624 lb BW) were used  a 2 x 2 factorial experiment with main 
effects of implant strategy and Optaflexx.  Im lant treatments consisted of Revalor-200 
(
Optaflexx (200 mg/hd/d) was f ere randomly assigned to 
each  the 
experimental unit.  After 182 d, heifers were hich time carcass data was 

d was delivered to the feedbunck and mixed by hand. Processing animals on
essment of overall health, individually identified, records 

ody weight and, breed. This procedure inc
l and

received a 20 cc of penicillin. Calves were closely observed daily at 0700 for clinical sig
of diseases. Sick calves (anorexic, empty flanks, cough, nasal/ocular discharge, physical
weakness, diarrhea and depression) were clinically reviewed and therapeutically treated. 
P7 significantly increased performance (P < 0.05), DMI, ADG and tended to increase (P =
0.10) gain:feed ratio over that of control diet. Calves health evaluated by days head in 
hospital and heads in hospital did not significantly differ (P > 0.10). These data suggest 
that P7 improved performance and may improve health status of newly received feedlot 
calves. 

 
 

Effect of Implant Strategy and Optaflexx Administration to Feedlot Heifers on 
β-adrenergic Receptor and Insulin-like Growth Factor I Messenger RNA (mRNA

Abundance 
E. K. Sissom1, J. P. Hutcheson2, D. A. Yates2, and B. J. Johnson1 

1Kansas State University, Manhattan; 2Intervet Inc., Millsboro, DE 
 

Steroid hormones, like those contained in growth promoting implants, can affect the 
concentration of the β-adrenergic receptor (βAR) subtypes in various tissues.  With the 
current use of β-adrenergic receptor agonists such as ractopamine HCL (Optaflexx™) in 
the feedlot industry, it is unclear as to any potential interactions these products may hav
when used in conjunction with steroidal implants.  The objective of this study was to 
investigate the effect of administration of growth promoting implants with or without 
Optaflexx on carcass composition and βAR and insulin-like growth factor I (IGF-I) mRNA
concentrations in finishing heifers.  This experiment was 

in
p

R200) at arrival, or Revalor-IH at arrival and re-implanted with Finaplix-H on d 58 (RF).  
ed the last 28 d.  Treatments w

pen (n=16).  For this experiment, two heifers per pen were analyzed, and pen was
slaughtered at w

obtained and semimembranosous muscle tissue was excised for RNA isolation.  Total 
RNA was isolated from the muscle tissue then reverse transcribed to generate 
complimentary DNA (cDNA).  The cDNA was then used in real-time quantitative PCR to 
determine the relative abundance of βAR and IGF-I mRNA.  For the heifers used in gene 
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expression analysis, HCW was heavier (P = 0.054) in RF heifers compared to R200 
heifers.  There were no significant effects on ribeye area, yield grade, KPH, or marbli
score; however, there was a tendency (P = 0.09) for an implant by Optaflexx interaction 
with the RF/Optaflexx heifers having the largest ribeye areas.  For the gene expressi
data, there was no significant effect on the expression of β1-AR or β2-AR mRNA; 
however, there was a tendency (P = 0.10) for Optaflexx feeding to increase β2-AR mR
There was an implant by Optaflexx interaction for β3-AR mRNA with the R200-none 
having the greatest expression of β3-AR mRNA.  There was also an implant by Optaflexx
interaction on IGF-I mRNA with RF-none having the greatest IGF-I mRNA expression.  
This data will aid in our understanding of the interaction between steroidal implants 
Optaflexx in feedlot heifers.  This increased knowledge of mode of action of various 
growth promotants will aid in improving efficiency of lean tissue deposition in beef cattl

 
 

Influence of Endosperm Vitreousness and Kernel Moisture on Site and Extent of 
Digestion  of High Moisture Corn by Steers 

J.I. Szasz
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inally and duodenally cannulated crossbred steers (mean BW 450 kg) were used in 
a 6 x 6 Latin square to evaluate the impact of kernel vitreousness and moisture on intake 
and digestibility of high moisture corn.  Arranged in a 2 x 3 factorial, diets included a 
flou
W
corn, 6% chopped alfalfa hay, 2.0% cor , 0.75% urea, and 3.0% supplement.  
Geometric m (P < 0.05) 
linearly wi  for VIT 
versus FLO particles.  In situ rapidly degraded starch (“a” fraction) and effective ruminal 
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1, C.W. Hunt1, P.A. Szasz1, R.A. Weber2, F.N. Owens2, and W. Kezar2 

1University of Idaho, Moscow; 2 Pioneer Hi-Bred International, Johnston, IA 
 
Six rum

ry (FLO) and a vitreous (VIT) endosperm corn hybrid harvested at DRY, MID, and 
ET kernel moistures (28.1, 31.2, and 35.7%).  Diet DM consisted of 88% high moisture 

n gluten meal
ean diameter was less (P = 0.06) for VIT than FLO and increased 

th kernel moisture content.  Surface area was 15.8% greater (P < 0.05)

starch digestion (assuming 5%/h fractional passage rate) increased linearly (P < 0.001
with kernel moisture.  An interaction (P < 0.05) was observed between endosperm 
vitreousness and kernel moisture on in situ rapidly degraded starch content and effective 
ruminal starch digestion, both being greater (P < 0.05) for VIT-DRY than FLO-DRY.  
Intake and ruminal disappearance of DM, OM, and starch were not influenced by 
vitreousness or moisture.  Ruminal starch digestion averaged 90.9%.  Digestion of star
entering the small intestine, averaging 91%, was greater (P < 0.05) for VIT than FLO corn.  
Additionally, vitreousness tended (P = 0.12) to interact with kernel moisture in total tract 
starch digestibility.  Averaged across moisture levels, total tract starch digestibility was 
greater (P < 0.003) for VIT than FLO.  Compared with FLO kernels, VIT kernels were 
more brittle and shattered more readily when rolled, particularly when DRY.  The 
increased surface area of smaller particles may be responsible for the improved starch 
utilization.  For high moisture corn, total tract starch digestibility was greater for the 
vitreous than the floury endosperm corn.    
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Influence of Endosperm Vitreousness, Moisture at Harvest, and Microbial Inoc
on Chemical Composition, Available Starch and Ruminal Dry Matter Disappearanc

of Ensiled High Moisture Corn 
J.I. Szasz

ulant 
e 

 IA  

fermented VIT tended (P = 0.10) to have a  lower  pH but greater available (enzyme 
digested) starch, CP, NDF, and ash .  Within DRY, protein solubility was greater (P < 
0.0
linearly (P < 0.05) wit  (P < 0.10) to reduce 
pH, a .05) 
conce n for 

LO-DRY, FLO-MID, and VIT-MID compared to non-inoculated high moisture corn.  

s 
ize 

 

 basis) 

is). Steers were stratified by weight and 
assigned randomly to pen (eight steers per pen), with six pens per treatment, and pen 
serving as the experimental unit. Steers were implanted on d 28 with Revalor-S®, fed for 
126 d, and slaughtered on d 127 at a commercial abbatoir. Results indicate a significant (P 
< 0.01) quadratic increase for DMI, final BW, ADG, and Gain:Feed, as level of WDGS in 
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Samples from two corn hybrids, one floury (FLO) and one vitreous (VIT) endosperm 
type, were harvested at DRY, MID, and WET kernel moistures (28.1, 31.2, and 35.7 
percent moisture, respectively).  Samples of rolled high moisture corn from each 
endosperm by kernel moisture subclass were ensiled in triplicate, with or without a 
bacterial inoculant (Pioneer ® brand 1189), in polyethylene packets which were then 
vacuum packed, heat sealed, and stored for a minimum of 210 days.  Compared to FLO, 

5) for VIT than FLO.  Ash content and 24-h in situ DM disappearance increased 
h kernel moisture.  Microbial inoculation tended

sh content, and available starch.  Within FLO, microbial inoculant reduced (P < 0
ntration of CP.  Microbial inoculant reduced (P < 0.05) ammonia N concentratio

F
Microbial inoculant increased (P < 0.05) 24-h in situ DM disappearance for VIT corn 
harvested and ensiled DRY.  For inoculated DRY corn, 24-h in situ DM disappearance wa
greater (P < 0.05) for VIT than FLO.  In a companion study, VIT had smaller particle s
than FLO, particularly for DRY treatments.  Accordingly, the greater starch availability 
and soluble CP for VIT compared to FLO may have been  due partly to smaller particle 
size and greater surface area.  The beneficial response from the microbial inoculant for 
DRY-VIT also may be a result of application of the inoculant to smaller particle size corn 
characteristic of DRY-VIT compared with DRY-FLO.  

 
 

Effect of Level of Wet Distillers Grains Plus Solubles on Finishing Cattle
Performance, Energy Value Relative to Corn, and Economics of Feeding 

K.J. Vander Pol, G.E. Erickson, T.J. Klopfenstein, and M.A. Greenquist 
University of Nebraska, Lincoln 

 
Two hundred eighty-eight crossbred short yearling steers (BW = 774 ± 25 lb) were utilized 
in a randomized complete block design to evaluate the effect of level of wet distillers 
grains plus solubles (WDGS) on feedlot performance, energy value relative to corn, and 
economics of feeding. Dietary treatments consisted of 0 (CON), 10 (10WDG), 20 
(20WDG), 30 (30WDG), 40 (40WDG), and 50% (50WDG) dietary inclusion (DM
of WDGS, replacing corn. Basal ingredients consisted of dry-rolled and high-moisture 
corn, fed at a constant 1:1 ratio (DM basis), plus ground alfalfa hay and dry meal 
supplement each fed at 5% of diet (DM bas
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the diet increased. However, with the exception of HCW, there were no significant (P > 
0.05) linear or quadratic responses for carcass characteristics (i.e. liver score, REA, 12th rib 

Gain:Feed, an improvement abovefat, and marbling). Utilizing  the CON diet was 
calcu
trea

llowing a significant cubic decrease (P < 0.01) as level of WDGS in the diet increased 
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lated for each pen/treatment, considering the inclusion rate of WDGS for each 
tment. Calculations favored all dietary levels relative to CON, with the results 

fo
from 10 to 50% of DM. An economic analysis was conducted on a per head basis, relat
to a steer fed 0% WDGS for 153 d. The price of WDGS was assumed 95% of corn at p
and three different corn prices were used; 10 year average, $0.05/bushel increase, 
$0.10/bushel increase. Freight cost utilized was $0.10/ton/mile of wet feed, and thre
distances from the plant were analyzed (30, 60, and 100 miles). Cost of feeding was 
calculated by taking the percent increase of wet feed for each inclusion, multiplied by 
$13.00 (cost of feeding 0%, CON). Data were obtained from seven published research
trials as well as the present study, representing 21 treatment means of WDGS in finishin
diets at various inclusion levels to calculate an adjusted Gain:Feed for dietary inclusi
10, 20, 30, 40, and 50% WDGS. Economic analyses indicate that regardless of corn price, 
it is most economical to feed 40% WDGS in close proximity to the plant. Taking into 
consideration an increase in corn price at the plant, plus an increase in the cost of feeding, 
it appears most economical to feed 30-40% WDGS 0 to 30 miles from the plant and 20-
30% WDGS 60 to 100 miles from the plant. Overall, increasing WDGS from 0 to 50%
DM resulted in a quadratic increase for performance variables, with maximum ADG and 
Gain:Feed achieved when WDGS was fed at 30 and 40% of diet DM, respectively. 
Economic analyses favored feeding between 20 and 40% of DM, depending on distance 
from plant. Based on this economic analysis, it appears that besides the performance 
benefit, it is economically advantageous to feed WDGS, and that nutritionists/producers
need to examine more than just the price of WDGS, in making decisions on optimum 
dietary inclusion rate. 

 
 

t of Preconditioning Duration on Feedlot Performance, Carcass Character
and Profitability of New Mexico Ranch to Rail Steers 
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The duration from weaning to feedlot entry has been reported to be an important facto
feedlot performance of cattle. The objective of this study was to evaluate preconditioning
duration on feedlot performance, carcass characteristics and profitability of 834 ste
the New Mexico Ranch to Rail Program from 2001 to 2004. Steers were classified into one
of four categories, based on the number of days preconditioned prior to entry into the 
feedlot. Preconditioning categories were 0 to 20 d, 21 to 40 d, 41 to 60 d, and 61 d
Initial calf market, carcass value grid, and unit feed values were standardized across years 
to remove market variation. Ultrasonography was employed to assign a marketing dat
estimated maximum profit for each steer. Net income per head increased as 
preconditioning duration increased, with minimal improvement above 41 to 60 d 
(quadratic, P < 0.05). Net income was -$41.66, -$20.02, $2.23 and $4.00 per head, for 
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steers preconditioned for 0 to 20 d, 21 to 40 d, 41 to 60 d, and 61 d or more, respectively.
Steers preconditioned 41 to 60 d had the highest ADG (quadratic, P < 0.05) of 1.48 kg/d, 
followed by steers preconditioned 21 to 40 d (1.44 kg/d ADG), 61 d or more (1.35 
ADG), and 0 to 20 d (1.34 kg/d ADG). Steers preconditioned 41 to 60 d spent fewer 
on feed (quadratic, P < 0.05), and had a lower total cost of gain ($57.00/45.4 kg; qu
P < 0.05) than steers preconditioned 21 to 40 d ($56.00/45.4 kg), 61 d or more 
($60.00/45.4 kg), and 0 to 20 d ($66.00/45.4 kg). Medicine cost was highest for steers 
preconditioned 41 to 60 d ($9.05/hd, quadratic, P = 0.05) followed by steers 
preconditioned 21 to 40 d ($8.27/hd), 0 to 20 d ($6.06/hd), and 61 d or more ($5.43/hd
Marbling score increased (linear, P < 0.05) as preconditioning duration increased, whi
thickness and calculated yield grade peaked (quadratic, P < 0.05) at 41 to 60 d. This d
indicates that among steers entered in the New Mexico Ranch to Rail program optimum
preconditioning duration was achieved when steers were preconditioned for 41 to 60 d. 
 

 
 
 
 

 

kg/d 
days 

adratic, 

). 
le fat 
ata 

 

 127


