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US Beef Industry, K. Good, CattleFAX

The U.S. Beef
Industry
Plains Nutrition Council
San Antonio, TX
April 5, 2018
Copyright 2018 Cattle Marketing Information Service, Inc.
Please do not copy or reproduce any part of this document without written permission.

6 million more! 2014-2018
2017 was the 2nd best in history!

Inventory numbers have rebounded due to
good grazing conditions and profitability.

U.S. Cattle Inventory & Beef Production
150

35
The 2018 cattle inventory is similar to 1954.
However, beef production is 2.2 times larger.
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YTD Beed Cows +11%,
Dairy Cows +3%

Alabama
714,000 hd.
+62,000 hd.
since 2015.
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Since 2010, High Plains
+206K(+48K in 2017),
Northwest +91K, MI/WI +89K
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2017 exports +12%, imports -1%
2018F exports +6%, imports 0%

22,000 head/day lost capacity
since 2000, 18,000 since 2005

The balance of trade
improved 1 Bil. lbs.
between 2015 and 2017,
offsetting 40% of the
production growth

40 hour week

Source: USDA, CattleFax Forecast
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Major Export Partners 2017

Mexico
Japan
Canada
South Korea
Greater China

3.90 Bill. Lbs.

30 lbs. per capita

2.08 Bill. Lbs.

16 lbs. per capita

1.20 Bill. Lbs.

33 lbs. per capita

1.01 Bill. Lbs.

20 lbs. per capita

1.57 Bill lbs.

1 lbs. per capita

2018 Production Forecast
Beef

1 Bil lbs

Pork

1.3 Bil lbs

+5.1%

Poultry

700 Mil lbs

+1.5%

Total

3 Bil lbs

Increasing supply
will be price limiting!

+3.8%

+3%

Retail Beef Demand Remains Historically Strong
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How You Define Retail is
Quickly Changing

2018 Restaurant Trends

• Fine dining:
• Casual:
• Fast casual:
• Quick service:

2016 $306
2017F $335
2018F $343
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$/Head

Weekly Change in the Value of Fed Cattle, 2011 to Current
160
140
120
100
80
60
40
20
0
-20
-40
-60
-80
-100 Since 2011, 41% of the time the
-120 weekly price change was $30/hd
-140 or more and 60% of the time
-160

Source: CattleFax

Week

2018 Forecast
• Fed Cattle: $117/cwt. ($100-$130)
• 750- Feeder Steer: $145/cwt. ($130$160)

• 550-Steer Calf: $160/cwt. ($135-$185)
• Utility Cow: $60/cwt. ($50-$70)

Beef demand is key if the $100 area
can hold prices through 2019-2020.

Feeder-fat spreads remain in a tight range
within expectations. Unless corn has an
unexpected rally or break, expect the
feeder market to price itself accordingly
off of the deferred live cattle futures.
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$185

$135

Cyclical price risk is still ahead
but domestic and global demand
growth could offset much of risk!

Thank You!

Average Breakeven

www.cattlefax.com
1-800-825-7525
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Optimizing efficiency in the feedlot: Some areas of focus
A. DiCostanzo
University of Minnesota
St. Paul
Introduction
Efficiency is a commonly used term that easily becomes complicated by the elements that are
considered (or left out) in its definition. Often, feedlot consultants, feedlot owners and
managers think of feed efficiency when referring to efficiency. Politicians, activists and
Hollywood starlets with an interest in activism ignore efficiency; instead they mouth words
associated with sustainability. This term is even more confusing as sustainable production
activists refer to is truly subsistence production. Subsistence production systems occur in many
developing nations where a few animal and plant species are maintained on small acreages
contributing to a micro life cycle of nutrient supply and recycling. Although in principle
subsistence agriculture may seem sustainable, widespread application is unsustainable.
Urbanites that consider subsistence agriculture the only solution to sustainability are not the
least bit interested in participating in this production system; a requirement for community
food production. The dedication required to keep this system operational would keep them
from other urbanite pursuits such as movie night or game night or the pursuit of fitness at
corporate gyms.
Consideration of production efficiency is therefore left to those who participate in food
production systems designed to feed more than a single family. Challenges associated with
production efficiency in the feedlot are easy to define but difficult to pinpoint and overcome.
Simply stated, total production efficiency in a feedlot should be defined as lb of feed used or
produced for feedlot use and lb beef produced. This premise dictates that all efforts to place
feed into cattle at amounts consistent with a healthy response leading to accumulation of
sufficient beef gain to offset amount and value of inputs determines total feedlot efficiency.
Factors affecting total feedlot efficiency
Feedlot efficiency may be defined as a result of optimized processes within various subsystems
encompassing the feedlot. Although these subsystems can be defined by each individual
evaluating a feedlot, an example of subsystems representing a feedlot system resulting from
the bias and musings of the author is depicted in Figure 1.
Each subsystem listed in Figure 1 represents contributions of resources employed by the
feedlot toward a single goal: beef production at optimized input levels. Optimization is a
qualifier used, rather than using minimization, to represent the fact that basic production
requirements (water and nutrient requirements for maintenance, and cattle comfort) must be
met before the feedlot production systems ultimately delivers beef production.
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In Figure 1, subsystems are depicted on a continuum to imply that they are interdependent.
Optimized use of resources from within one subsystem are required so the other subsystems
reach optimum operational levels. For example, human resources employed in the feedlot
cannot subsist without optimum operation levels in all the other systems. Similarly, livestock
subsystem represents animal health and well‐being, which are highly dependent on preventive
health practices, facilities and equipment systems interventions, and observant humans.
The reader is encouraged to define each feedlot production system in greater detail so as to
develop management strategies that optimize each. This review of factors affecting total
feedlot efficiency is motivated by three objectives:
1) To inspire the reader (and conference attendee) to focus on factors that contribute to
production efficiency in operations with which they are associated
2) To suggest areas of focus where optimization processes may be applied to enhance
production efficiency
3) To motivate peers in education or research institutions to look beyond traditional
research areas to re‐focus our efforts on management factors that affect production
efficiency in the feedlot
Optimizing human response
One of the greatest challenges facing cattle feedlots in the USA is labor supply. Most activities
surrounding cattle feedlot operations are labor intensive and require operation of either
equipment or cattle. As newer generations enter the labor force, familiarity with agricultural
practices or the work ethic associated with agricultural operations is lacking owing to fewer
families involved in agriculture. In addition, motivation to work or career advancement in
newer generations is not driven by the same values as those of older generations. Therefore,
as generations of cattle producers or feedlot workers age, the supply of willing and able
replacements is compromised by a variety of factors related to demographics and motivation to
work. Therefore, cattle feedlot owners and managers are faced with a diminishing supply of
labor; concurrently, alternatives to work in a cattle feedlot abound. Therefore, cattle feedlot
owners and managers must manage human resources to continuously motivate the
appropriate response to ordinary and extraordinary situations arising in the feedlot.
Shortage of labor and the constant drive to optimize production processes are leading to
increased automation of feedlot production processes. Yet, this requires updating equipment
and facilities, which, in turn, results in requiring greater technical skills from a diminishing labor
force.
Optimizing processes in feedlot production systems requires intense participation of a willing
labor force. Based on subsystems defined in Figure 1, the entire system cannot operate if
human resources are either unwilling or incapable of delivering optimized production
responses regardless of how optimized other subsystems are.
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Human resources invested in a feedlot production system must be motivated and equipped to
render an optimized and prioritized response to each specific situation in a feedlot. Prioritizing
a response to ordinary or extraordinary events in a cattle feedlot must be clearly outlined in
standard operating procedures at each feedlot. Yet, although dependent on management
expectations, an individual’s response to specific scenarios in the feedlot is the result of
intrinsic and extrinsic factors (Figure 2). Intrinsic factors defining a response are those
associated with knowledge (the accumulation of prior experiences and academic training) and
information (data or visual feedback from the environment). Extrinsic factors are represented
by incentives and disincentives resulting from management or work environment motivational
factors.
An example of this response theory is illustrated by the need to spread bedding in a cattle pen
during an extremely cold and wet day. For the purposes of this example, the rank or position in
the feedlot of the individual in this example is irrelevant; but, the person in this scenario is
responsible and capable of applying bedding. The scenario is a particularly cold and wet Friday
night at a semi‐confined feedlot; within the pen, there is a tin shed on an unsurfaced lot with a
concrete apron behind the exposed feed bunk. Bedding should be applied within the shed by
driving round bales in with a skid loader equipped with a bale spear. Exiting the skid loader cab
to break away net wrap is required; this pen requires at least 4 bales to be unwrapped in the
bedding area. Other cattle‐related activities and agronomic practices would have taken priority
up to this point. Following the logic depicted in Figure 2, the individual has the knowledge and
sufficient information to understand bedding is needed, and soon to keep cattle comfortable.
Yet, a serious disincentive in this scenario is the need to individually load and unwrap each bale
after driving into the pen. Cattle may walk out every time the gates are propped open to access
the pen. Other disincentives present in the individual’s mind include delaying time with family
or friends and an intense hunger generated by 12 h of continuous hard work. At this point, the
only incentive is to witness cattle laying down happily in a newly delivered bed; yet, this
incentive will only occur after at least 1 additional hour of hard work.
The reader is encouraged to resolve this hypothetical scenario in their own minds. Further,
each manager, owner or consultant must evaluate each task as to the capacity of human
response based on this set of factors. Often times, we expect prompt and accurate resolutions
to ordinary and extraordinary feedlot events; yet, we do not equip our human resources to
respond swiftly and efficiently to even daily, scheduled tasks. Thus, feedlot consultant
assessments of recommended practices must take into consideration the capacity to generate a
response based on specific sets of incentives or disincentives and recommend improvements to
clients’ feedlots based on this analysis.
Some Areas of Focus
Feed deliveries
Feed deliveries are executed in response to cattle feeding program (backgrounding, step‐up,
finishing), observations of feed remaining in the bunk, and information derived from previous
bunk calls and feed deliveries. Feed deliveries represent the culmination of many decisions and
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processes; yet, deliveries represent the beginning of the beef production process. Much
information has been generated from feed delivery research. Yet, studies of integrative
responses to conditions that combine cattle type, size, stage of growth, manger allowance,
dietary nutrient composition, physical form of the diet, and frequency of feed delivery remain
to be conducted. The following discussion represents an attempt by the author to stimulate a
thought process by the reader to consider conditions in which manipulating feed delivery
frequency in response to manger allowance and growth stage.
Feeding frequency
The decision to deliver feed more than once daily is based on various factors. These factors
include manger space, diet moisture content, pen design (bunk accessibility), weather
conditions, labor time allocation, and the need to observe cattle. Most commercial and farmer
feedlots deliver feed twice or more times daily. Yet, feeding more than once daily had no effect
on feed conversion (Goonewardene et al., 1995; Lawrence, 1998). In one of these studies,
manger space was only 4” while in the other manger space was not specified. In one study
barley silage and high moisture barley were used while in the other, use of a barley diet was
specified.
As indicated above, interactions of diet moisture content, manger space and feeding frequency
have not been researched. In a study where cattle were limit fed to gain 3.2 lb/d using a steam
flaked corn‐based diet, Zinn (1989), discovered no differences in feed conversion when
permitting as few as 6” manger space per head.
At current fuel prices, improvements in feed conversion or ADG of 2% or better would be
required to offset increased fuel costs resulting from choosing to feed more than once daily.
This consideration is of special interest to feedlot owners and managers that are also dedicated
to raising crops. Time constraints resulting from planting crops in the spring and harvesting
crops in the fall impact timing and accuracy of feed deliveries. Given what we know about
feeding frequency and feed conversion, adding a second feed delivery to an already
constrained schedule must be evaluated carefully.
Remote Early Disease Identification
Respiratory disease (BRD) is one of the single, largest disease challenges cattle face while
housed in feedlots. Various sources (Miles, 2009; USDA 2013a) report of increasing incidence
of BRD; earliest indications of increasing incidence of BRD were made in 1999 (Loneragan et al.,
2001). This is in spite of improvements in antibiotics and supportive therapy. Reasons for the
increase in BRD incidence are beyond the scope of this paper; but, the economic impact of this
disease on cattle feedlots is large.
Several companies are investing resources in developing remote early disease identification
systems (REDI). These systems are based on interpreting accelerometer data as discrete
behavior patterns associated with normal and pathological responses through complex
algorithms. Results from a recent study (n = 614 cattle/treatment group) where cattle were
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observed by human observers or monitored by a REDI system in commercial feedlots are listed
in Table 4.
A trend (P = 0.09) for fewer cattle monitored using REDI received first treatment for BRD, and
fewer (P  0.01) cattle monitored using REDI received second and third BRD treatments. Also,
success at first treatment was greater for cattle monitored using REDI. Yet, days to first
treatment and doses of antimicrobial were not affected by these fewer treatments made to
cattle monitored using REDI. Net economic return, which considered end of observation period
cattle value (reference sale price multiplied by end BW) and costs associated with cattle
purchase, feed and yardage costs, treatment costs, costs of cattle rendered chronic by BRD,
observer cost (control) or REDI system cost ($10/hd), was not different between cattle
observed by personnel or those monitored with a REDI system.
At current feeder cattle prices and utilizing data from USDA (2013b) for metaphylaxis use,
treatment costs, and those associated with deaths resulting from BRD, revealed a cost of
$26/head for a 650‐lb starting calf. This estimate does not include costs of cattle becoming
chronic or due to poorer performance and carcass traits in cattle surviving BRD. Of these costs,
mortality (1.4%), represents the largest contributor to this cost, $16.61/hd, followed by
metaphylaxis and BRD treatment costs.
Monitoring health with REDI to detect BRD had no impact on mortality rate (White et al., 2015;
2017). Therefore, given results from experiments with cattle monitored by REDI, economic
incentive to monitor cattle with REDI would have to result from elimination of metaphylaxis
($5.30/hd) or near elimination of treatment costs ($3.87/hd). Results from a recent study
provided evidence that antibiotic dosing may be reduced in cattle monitored by REDI (White et
al., 2015).
It is clear that economics will drive adoption of REDI systems in the feedlot. At present time,
REDI systems that can deliver results similar to those described herein would facilitate adoption
of this technology. Further impact of REDI systems on monitoring disease other than BRD will
likely be forthcoming. In the meantime, other benefits of this technology may achieve greater
value. Increasing labor turnover and availability of a labor force with less experience will be less
of an obstacle if REDI systems are as effective as experienced observers. Positions filled by
these observers need not be in jeopardy because of REDI technology. Pen riders are needed to
follow up on alerts generated by these systems. Further, application of this technology may
facilitate personnel training and job performance evaluations leading to greater opportunities
for advancement and compensation.
Feed Storage
Feed losses result from a variety of conditions or situations occurring in feed storage and diet
mixing areas. In many situations, feedlot layout evolved over several years; this evolution may
result in feedlot facilities that are not optimally located or managed. Therefore, certain
conditions leading to feed loss during storage or transfer may arise.
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TMR mixer loading area
Although feed storage areas may be protected from wind or precipitation, feed center areas
may not. Figure 3 depicts theoretical air flow over solid windbreaks. Wind protection from a
windbreak extends 10’ for every 1’ of height. Also, for every 1’ in windbreak height, a 4’ long
snow drift is expected to develop (Harner et al., 2011). These guidelines are applicable to solid
windbreaks. Placement of windbreaks to reduce wind loss in the TMR mixer loading area must
involve consideration of other structures already in place, which may affect wind flow and
effectiveness of windbreaks.
During ingredient loading of TMR mixers, especially dry or lower density ingredients, wind can
reduce amount of product that reaches the TMR mixer. Theoretical calculations of wind
erosion (Figure 3) led to exponential losses resulting from winds increasing from 5 to 25 mph
(Harner et al., 2011).
Windbreaks for the TMR mixer loading areas must take into consideration the height at which
ingredients are loaded, ingredient characteristics (particle size and moisture concentration),
wind direction, and existing structures. Thus, on open areas, a windbreak positioned as close to
the TMR mixer, must rise at least 4’ higher than the top edge of the mixer to be effective.
Liquid supplements are not exempt from effects of wind. Using flexible hoses long enough to
reach below the top edge of the TMR will reduce wind loss and guarantee correct product
application site.
Feed storage
Using simple approaches to provide surfaces or walls for feedstuff storage is both economical,
and protects large investments in feed. Storing commodities on concrete or pavement pads
eliminates mixing soil or gravel with these. Old road barriers or precast concrete barriers can
be used as an economical solution to contain feedstuffs into piles, preventing mixing feedstuffs
during storage or feed preparation, and reducing wind effect losses.
One of the easiest ways to reduce feed loss is to consider ingredient placement relative to TMR
mixer loading area. Dry roughages and fermented feeds should be stored closest to the TMR
mixer loading area because bulkiness (dry roughages) and to prevent excessive losses during
transport to the TMR mixer loading area.
For feedstuffs stored over 250’ away from the TMR mixer loading area, hauling heavier loads in
the TMR mixer or truck rather than a skidsteer or payloader bucket at a time improves
efficiency; this simple action will decrease feeding time and will reduce compounded feed loss
effect. Using an estimated 850‐lb load of cracked corn in a skidsteer bucket and estimated loss
during transport of 1% results in $1.23 loss for every trip made (Table 1). Applying this
calculation to a skidsteer bucket loaded with 250 lb hay, and using a 5% transport loss led to
transport loss of $0.75/trip (Table 1). In addition, shrink may increasing from trampling
feedstuffs that are transported from a distance away by frequent trips (skidsteer or payloader
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bucket) as equipment moves back and forth near the feed pile. This action also can add organic
matter to gravel driveways and deteriorate their condition.
Environmental exposure losses must also be considered. Feedstuffs stored with no cover
permit direct sunlight or moisture (from precipitation) exposure, which can change dry matter
content. Drying due to sun exposure increases dry matter content, leading to inadvertent
increases in dry matter offerings. Similarly, moisture added from precipitation reduces dry
matter content, and increases nutrient leaching. Mold growth is commonly observed in
feedstuffs stored out in the open, because nitrogen, energy and oxygen: conditions supportive
of mold growth Nelson (1992) are present in feed and feed piles.
Commodity sheds are an investment to reduce environmental exposure from the sun, rain and
snow. When building commodity sheds, it is important to use plastic as vapor barriers in the
floor to eliminate moisture. The open face of commodity sheds should be faced south to avoid
moisture and other debris from reaching stored feeds.
It is also important to slope pads away from buildings to prevent water pooling inside of bays.
Number and size of storage bays and size should take into consideration current and future
storage demands. A bay that is at least 12’ wide or wider should be considered so semi‐trailers
can easily back up into them. A larger number of smaller bays with the same cubic feet storage
capacity as would be provided by a smaller number of larger bays is more desirable. This will
permit complete cleanout of one small bay before fresh feed is delivered into a single larger bay
preventing spoilage of feed remaining in areas of the large bay inaccessible to payloaders or
skidsteers.
Left without repair, holes caused by wildlife or equipment in plastic silo bags can result in
spoilage of a minimum of 15% to the entire contents of the bag Muck and Holmes (2006).
Considering the costs of concrete, tin and lumber structures often seems prohibitive to many
operators. Yet, when compared to ground alfalfa stored outside (Table 2), for which losses
were measured at 10% to 20% of stored mass, losses from ground alfalfa stored inside a 3‐sided
building were only 5% to 10% (Kertz, 1998). At a price of $120/ton, these results would
translate to savings of $9/ton. Using feed piles quickly (fewer than 7 days), and emptying
storage bays completely before placing new product in them is important to prevent spoilage
and dry matter losses.
Feed predation
Rodents and birds attracted to feed storage and preparation areas are a threat to financial
losses or cattle (and human) health. Observations resulting from a study conducted by Besser
et al. (1968) demonstrated that a single starling was responsible for the disappearance of up to
2.8 lb of diet delivered in the feed bunk over a wintering period in Colorado. In the same time
period, consumption by redwing black birds was measured at 0.13 lb/bird.
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At an estimated 250,000 starlings and 300,000 redwing black birds ranged over a 1,600‐square
mile area in Colorado, in which there were 250 feedlots (West, 1968). Utilizing estimates of
consumption above, the economic losses represented 370 ton (as‐is).
In dealing with feed predation by most birds such as starlings, scheduling feed delivery time
when birds return to their roosting area at dusk (Besser et al.,1968) was recommended as a
strategy to reduce predation. Greenquist et al. (2004) observed that delivering a steam flaked
corn‐based diet 30 min before dusk to be consumed overnight, instead of once in the morning
ad libitum to feedlot heifers, resulted in a reduction of 3.4 lb DMI/hd daily. In this study, DMI
reduction could have also resulted from improved feed conversion efficiency and reduced feed
predation by birds.
Disappearance of various diets by starlings ranged from 66% to 86% of original delivery in a
study (Depenbusch et al., 2011) where only birds and not cattle were permitted access to feed
bunks for 9 h (from 7:30 am to 4:30 pm). Diets formulated with steam flaked corn were more
susceptible to predation than those formulated with dry rolled corn. In addition, starch
concentration of residual feed left in the bunk after bird predation was less than 30% to 60% of
the original starch concentration depending on diet. Crude fiber of residual feed was greater
than that of feed placed in the bunk.
Feed consumption by other, larger wildlife may seem small; a single deer was measured by
remote sensor video weights to consume 0.5 lb/d (Cooper et al., 2006). When considering size
of deer, raccoon, wild boar and other wildlife populations around livestock operations, the total
amount of feed predation by wildlife can become excessive (Table 3). Birds, rodents and other
wild animals consume feed, increasing feed costs, but can also infect cattle with diseases such
as E. coli O157:H7, Salmonella spp, M. avium subsp. paratuberculosis, coccidiosis, chlamydiosis
(USDA 2000). Up to 8.3% of free ranging raccoons, rats and skunks carried M. avium subsp.
Paratuberculosis (Corn et al. 2005).
Control of bird populations in US feedlots may represent an area of opportunity for improving
overall efficiency. Only 35% of feedlots surveyed indicated that a bird control protocol was in
place (USDA, 2013a). Shooting at birds was the most commonly used form of bird control while
chemical control was only cited by 9% of feedlots surveyed.
Dimethyl anthranilate (methyl N‐methylanthranilate; DMA) and methyl anthranilate are GRAS
substances (FDA) that may be used as bird repellents. Bird populations were reduced to nearly
10% to 20% of original populations, and consumption of feed from feed bunks was reduced
nearly 90% when 0.20% to 0.28% DMA was sprayed onto lipophilic starch and included in
pellets of cattle feed (Mason et al., 1985). Similarly, when mixed using farm equipment to yield
a concentration of 1% DMA in milled feed, bird populations and consumption of feed by birds,
mostly starlings, declined dramatically (Glahn et al., 1989). Concentrations of DMA in mixed
feed remained relatively constant demonstrating stability of the compound. At current prices,
undiluted fogging applications at a rate of 7 oz/acre cost $10/acre and should be repeated at 3
to 4 wk intervals.
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Table 1. Estimated ingredient loss while hauling feedstuffs in a bucket over long
distances (as fed)
Ingredient
Travel
Skidsteer bucket
Ingredient
Loss per
loss, %
capacity
price
bucket trip
(lbs as fed)
(ton as fed)
Modified distillers grains
1
1200
$55.00
$0.33
Earlage
1
600
$78.00
$0.25
Corn silage
1
600
$35.00
$0.11
Corn, cracked
1
850
$290.00
$0.55
Hay
5
250
$120.00
$0.75

Table 2. Approximate feed loss (shrink) due to storage and handling (% as‐fed)
Ingredient
Open, uncovered piles
Covered, three‐sided
Closed bulk
Alfalfa, chopped
10‐20
5‐10
‐
Beet pulp, dried
12‐20
5‐10
3‐5
Distillers, dry
15‐22
7‐10
3‐6
Distillers, wet
15‐40
15‐40
‐
Dry grains, typical
5‐8
4‐7
2‐4
Adapted from Kertz (1998)
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Table 3. Estimates of feed consumption by wildlife (as‐fed)
Species
lb/d
Norway rat
0.06
Deer
0.50
Raccoon
0.41
Pigeon
0.08
Starlings
0.06
Redwing black bird
0.02
Adapted from Besser et al. (1968), Meyer (1994), and Cooper et al. (2006).

Table 4. Evaluation of a remote early disease identification system (REDI)
Item
In BW, lb
ADG, lb
End BW, lb
BRD treatments, %
First
Second
Third
Treatment success, %
Days to first
treatment
Antimicrobial doses
Net return, $/hd

Control
498
1.96
558

REDI
498
1.92
556

23.6
3.7
1.1
63.3
13

17.9
0.8
0.2
85.9
13

0.41
‐21.56

P‐value
0.79
0.59
0.73
0.09
< 0.01
0.01
< 0.01
0.96

0.25
0.21
‐4.65
0.25
Adapted from White et al. (2017)

32

Human

Equipment

Nutrients

Sustainability

Facilities

Livestock

Figure 1. Collection of systems in a feedlot. Sustainability is defined as the result of optimized
processes occurring in each of the systems the feedlot is comprised of. As an example,
optimized facilities, nutrients, livestock and equipment with poorly optimized human resources
will result in lowered efficiency.
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Knowledge

Disincentive

Response

Information

Incentive

Figure 2. Representation of components of human response to ordinary or extraordinary
events in a feedlot. Intrinsic factors determining the response are those encompassing
knowledge (the accumulation of prior experiences and academic training) and information
(data or visual feedback from the environment). Extrinsic factors are represented by incentives
and disincentives resulting from management or work environment motivational factors.
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Figure 3. Theoretical wind‐driven losses of feed particles. Wind‐driven losses are represented
relative to losses at 5 mph. Adapted from Harner et al. (2011).
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Figure 4. Typical wind and snow patterns resulting from windbreak
placement. Adapted (Harner et al., 2011).
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What sources provide useful information concerning production and utilization of various
corn products for cattle feeding?
Space and time limit the amount of information included in this article; much more extensive
and detailed information on individual topics is available elsewhere to address specific
questions. In 2016, a day‐long conference on “Silage for Beef Cattle” was held in Ames with
speakers from Iowa State, the University of Nebraska and Lallemand Animal Nutrition; written
texts and video tapes by individual speakers are available through the IowaBeefCenter.org. An
article by Burken et al. (2017) summarized much of the more recent work conducted by the
University of Nebraska with corn silage. An extensive (and free?) manual with sections devoted
to various aspects of production, harvest, storage, feeding and use of corn silage entitled “The
Silage Zone” was compiled by Bill Mahanna of DuPont‐Pioneer; the version last updated in
2017, available on request and on the internet, should prove useful particularly for student
instruction. Since this text was re‐edited before the Dow‐DuPont merger and preceded the
dismissal of several experienced silage scientists, the viewpoints expressed should be relatively
unbiased. A book with chapters compiled by nine skilled authors entitled “Corn Silage
Production, Management and Feeding” was published in 1995 by the American Society of
Agronomy. Various universities and seed corn suppliers also provide information freely
regarding corn silage production, management, and feeding as well as annual silage and grain
yield test results that provide more localized information. Joe Lauer of the University of
Wisconsin for many decades conducted detailed research on silage production, management,
and hybrid selection; he and his colleagues have written numerous articles that can be
searched on and retrieved from the internet. The Bible on biochemical aspects of silage
fermentation is “The Biochemistry of Silage” by P. McDonald in 1981. For this presentation,
information was compiled from steer performance data published from 134 corn silage diets
from 47 different trials from both peer reviewed journals and research reports.
The objective of this paper is to examine a few of the factors that influence both productivity
and utilization of corn crops harvested at different maturity endpoints. For crop growers, crop
yield and the price paid for the crop are of primary interest. In contrast, many corn crop users
express little if any concern about feed production and instead purchase commodity grains as
needed concentrating their attention solely on utilization of those purchased crops. However,
some livestock feeding operations produce some home‐grown grain or forage whereas many
large cattle feeding operations hire custom harvest crews and may contract crop production
and grain or silage storage with local growers. Increased communication between local corn
growers and corn users can prove useful because economic interactions exist. For example,

38

hybrid choice can impact NDF digestibility and value of the crop for certain cattle feeders, but
growing high NDF digestibility corn hybrids increases the risk of crop failure for corn growers.
Similarly, delaying silage harvest, though increasing crop yield and energy value (grain content)
of the crop for the benefit of silage users, shortens the time available for growers to plant other
crops and also may result in increased energy loss during storage, a cost borne by the crop user.
Economics of corn production and trade will not be discussed because it varies with local
conditions. Contrasts with dairy production systems will be mentioned occasionally. However,
economics of and benefits from specific hybrids and harvest practices at dairies will differ from
those at feedlots due to the wide divergence in diet and management conditions between beef
and dairy operations and in the extent of economic scrutiny practiced by nutritionists serving
the dairy versus the feedlot industry.
Why is there widespread interest in corn production and use?
As a source of energy for feeding livestock or humans, corn (Zea mays) is one of the most
productive plant species grown in temperate regions of the world. Yields of metabolizable
energy per acre typically are twice those of small grains, legumes, and root crops, and more
than triple that of vegetables (much to the chagrin of vegetarians!). Yield of protein per acre
rivals that of soybeans, yet certain other crops (e.g., hemp or cannabis, whether legal or not)
and even mushroom production can generate greater economic return per acre.
Thanks to physical separation of its male and female plant parts, the hermaphroditic corn plant
has allowed plant breeders to create and select corn hybrids for increased grain productivity; as
a result grain and silage yields have increased steadily for many decades. More recently, corn
hybrids have been developed that tolerate certain plant pests, certain fungi, and adverse
weather conditions ( cold, drought), to thrive with either a short or a long growing season, and
to resist herbicides (simplifying weed control). For feeding either ruminants or non‐ruminants,
grain from the corn plant can harvested when dry or when high in moisture content and
preserved by ensiling. Being stable when below 15% moisture, dry corn grain can be readily
stored and transported allowing it to be traded internationally. The corn crop is comprised of
two major parts: the grain, comprising about half of plant DM at maturity, and the vegetative
portion of the plant, often called “stover.” In addition to their high yield of DM, yield of fiber
(NDF) per acre from corn plants exceeds that of most other roughage plants and sources
including sorghum, alfalfa, and hay and other grass species.
What does stover include?
The non‐grain portion of the plant or "stover" includes the more fibrous, higher NDF
components of the plant (stalk, leaves, shank) as well as portions of the ear (husk and cob)).
Because ruminal microbes can digest NDF, the fibrous portion of the corn crop, even though
lower in net energy than grain, is widely harvested and fed to certain classes of ruminants.
Because the corn plant still is immature at the time of silage harvest, most stover parts are
digested by ruminants as thoroughly as growing or harvested immature grasses of most plant
species. But energy intake and performance of ruminants fed higher fiber diets is limited by
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diet bulkiness; slow and incomplete NDF digestion retards ruminal outflow of undigested bulk.
Consequently, the livestock performance responses to altering the NDF content or NDF
digestibility will differ markedly between high roughage diets, where intake is limited by bulk
fill, and high concentrate diets, where diet energy content, not bulk fill, limits energy intake.
With high roughage diets, stover is fed as a source of net energy. But in high concentrate diets,
roughages such as corn silage are fed primarily to DILUTE the amount of rapidly fermented
energy in the diet, to increase rumination, and to avoid metabolic disorders. Different strokes
for different folks!
What factors limit corn production and which corn products are most efficient to produce and
use?
Corn cropping, harvest, and feeding systems used by cattle production facilities differ widely;
switching from one system to another can prove as hazardous and chaotic as switching
spouses. Nevertheless, slight modifications in production practices within a system may prove
useful. Corn production and use systems, like marriages, usually are more peaceful when based
on tradition, familiarity, and experience as well as established facilities. (Never move to a new
location unless you are forced to!) The first basic need for corn production is an appropriate
climate (adequate moisture or irrigation water) with a sufficiently long growing season so that
corn hybrids are available to plant that are adapted for local conditions (frost‐free season
length with sufficient growing‐degree days to reach silage or to grain harvest maturity). In
more tropical regions of the world, two corn crops often be grown each calendar year. Through
substituting some of the newly developed short‐season hybrids designed for Canadian growers
instead of the very long season tropical hybrids, three or possibly even four corn crops might be
produced each year where the growing season is sufficiently long! Relative to corn, sorghum
plants have greater drought tolerance for production in arid regions and where use of irrigation
water is restricted. The cost and distance of transport as well as the need to maintain
adequately high levels of soil organic matter can limit one's choices among harvest methods.
Availability of storage facilities and the high cost of equipment for harvest, handling and
storage, processing, and feeding (bunk capacity) also can restrict one’s options. Operations
that rely on custom operators to harvest and place crops into storage may have limited
opportunity to alter harvest schedules than operations that control their own harvest
equipment. For very large corn growers, multiple hybrids often are grown with maturity dates
to “spread the risk” and to expand the harvest season so that harvest for individual hybrids
remains timely through the full harvest season. Cost of net energy, availability of appropriate
supplements, and the cattle type being fed (grower, stocker, finisher) with differences in feed
intake, and cattle performance and efficiency will dictate the economic return from a crop.
Finally, nutrient and roughage composition of the diet will alter volume of waste to be handled
and transported whereas its value as a source of nutrients for plants (P, N, and K where
needed) versus the nutrient requirements for the crop being grown and the benefits of feedlot
wastes in terms of soil tilth and erosion modifier . With three times as much waste being
produced by cattle finished on high corn silage than high grain diets, headaches concerning (or
marketing opportunities for) waste management are tripled by increasing the level of roughage.
As Terry Klopfenstein’s presentation in that ISU conference covered various aspects of waste
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management, that topic will not be revisited here. Waste management regulations have been
focused primarily on livestock production facilities, not on crop producers that stockpile and
spread waste; odor release and adverse environmental effects by the users of animal waste
products to date have largely escaped regulatory scrutiny. When compared with corn, no other
crop (except for soybeans) to date has had the persistent research input and strong economic,
competitive incentive from seed marketing firms to develop highly productive hybrids or
cultivars.
Corn silage
What specific factors limit production or yield of corn silage?
Silage growers seek maximum return on investment, a function of dry matter yield and nutritive
value ($ per ton) of the crop as appraised by the user. Based on information compiled by Lauer,
those factors with the greatest impact on yield of silage DM (Figure 1) include hybrid choice,
planting date (particularly where the growing season is short), and harvest timing. Plant
density, soil fertility, and disease and pest attack also impact silage yield.

Figure 1. Factors influencing yield and nutritive value of corn silage
(adapted from Lauer, http:corn.agronomy.wisc.edu)
What factors influence the nutritive value of silage for livestock?
For nutritive value, predicted feeding value of corn silage for lactating dairy cows (milk per ton
of silage DM in Figure 1) indicate that hybrid selection and harvest timing again are the two
variables of primary interest. Milk (or beef) per acre, being the multiple of yield and nutritive
value; also is strongly dependent on hybrid choice and harvest timing. Climatic conditions can
alter year‐to‐year yields substantially, but the relative impact of growing conditions on nutritive
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value generally seems minor when compared with the effect of growing conditions on crop
yields.
Nutrient content of corn silage differs greatly with stage of harvest. When whole growing
plants are harvested at 25 to 45% dry matter (55 to 75% moisture) and ensiled, provided that
ambient temperature is adequate for microbial growth, the harvested plants ferment
anaerobically to become corn silage. For lactating dairy cows and growing‐finishing feedlot
cattle, corn silage typically comprises over half of the forage DM included in diets, but the level
of forage DM in diets can differ drastically. For lactating dairy cows and for growing cattle,
forage DM typically comprises from 40 to 60% of diet DM, but for finishing feedlot steers and
heifers, corn silage and other roughage sources generally are included as only 8 to 15% of diet
DM; thereby corn silage provides only a small fraction of the total dietary NE in feedlot diets.
Furthermore, the low ruminal pH of cattle fed concentrate‐rich limits the extent of NDF
digestion in the rumen even through retention time of particles in the digestive tract is much
longer with concentrate than roughage diets. With lactating cows and growing cattle,
indigestible bulk (uNDF) is negatively related to feed intake. Consequently, dietary bulk limits
energy intake and thereby the ADG of growing cattle fed diets containing high amounts of corn
silage. Based on results from 11 trials where various levels of corn silage were included in the
diet, ADG (and thereby NEg intake) was not depressed by the first 21% of corn silage included in
the diet. Indeed, ADG generally was increased when 10 to 15% corn silage was included in the
diet (Figure 2). But when diets contained a larger proportion of DM as corn silage, rate of gain

Figure 2. Daily gain of growing cattle fed diets containing various levels of corn silage
from 11 trials where corn silage replaced concentrates. Corn byproduct levels within
these trial comparisons were held constant within these comparisons.
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declined primarily because energy content of the diet and thereby energy intake decreased
because corn silage generally had less NEg than the concentrate it replaced. However,
attempting to compensate for the lower diet energy, cattle increased their intake of DM (Figure
3). Although DM intake was not markedly increased by the first 29% of corn silage added to the
diet, higher corn silage levels increased DM intake when DM intake was expressed as a fraction
of mean body weight. At the highest dietary silage levels, DM intake later tended to have
plateaued. Among these trials, cattle with a lighter starting weight generally had lower DM
intake as a fraction of mean body weight. Presumably, this reflects their lower digestive tract
capacity and/or a reduced ability to clear undigested NDF from the digestive tract among
younger or smaller cattle. This indicates that the potential for feeding high amounts of silage
without depressing energy intake and ADG would be for cattle with a greater initial weight or
for cattle later in their finishing period when they are heavier; this is opposite to the end of the
finishing period when cattle typically are fed their highest dietary levels of corn silage.

Figure 3. Intake of DM as a fraction of mean body weight by feedlot cattle fed diets
containing various levels of corn silage.
Although bulk fill likely limits feed and energy intake of dairy cattle and starting feedlot cattle
fed high roughage diets, bulk fill should never limit energy intake of feedlot cattle fed high
concentrate diets. Therefore, basing one’s hybrid choices and harvest practices on methods
designed to reduce fiber fill, either by increasing rate of fiber digestion (BMR hybrids) or
reducing NDF content of corn silage being fed (high chopping), should not be expected to
increase performance of cattle fed high concentrate feedlot diets. Although the benefits of
practices detected with diets that contain over 50% corn silage presumably should be
applicable for cattle fed high roughage diets, extrapolation of results to cattle fed diets with less
than 20% of dietary DM from roughage is hazardous at best and counterproductive at worst.
Instead, greater resistance to fiber digestion may prove desirable with feedlot diets in order to
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increase rumination time and saliva flow! In contrast to practices that impact on fiber level or
digestion, those silage production changes designed to increase the concentration or
availability of starch in corn silage may prove useful independent of the dietary concentration
of corn silage. Conversely, some practices useful with high concentrates may also prove useful
with high roughage diets. For example delaying silage harvest to increase the concentration of
starch will automatically decrease the concentration of dietary NDF and thereby potentially
could increase intake of higher roughage diets. But with more mature silage with less NDF, a
higher amount of corn silage may be needed in feedlot diets maintain a sufficient amount of
dietary NDF in such diets.
What’s new regarding corn silage breeding, harvest, and processing?
Energy content of corn silage relies on its a) starch and NDF content and b) the digestibility of
these two components. Efforts to increase the digestible energy content of the corn crop have
concentrated on these four factors. In addition to increasing the amount of available energy in
corn silage, intake responses also are of interest. Corn silage with lower NDF content or a
greater rate of NDF digestion, through reducing bulk fill, often increases performance or
production of cattle being fed higher roughage diets (growing cattle; lactating dairy cows).
Specific alterations of widespread interest and partial adoption by corn growers and users
include:
(1) harvest of more mature corn silage, either through selecting hybrids that mature earlier or
that require fewer “growing degree days” to silage maturity or by delaying the harvest date
of the crop in order to increase yield of both silage and grain and to increase the grain:
stover ratio of the harvested crop. Today, most silage growers select hybrids that have the
longest growth period (most growing degree days to maturity) possible for their climatic
zone in an attempt to increase silage yield and volume during those years when the frost‐
free season happens to be sufficiently long. Alternatively, if one desires a higher grain
content of silage to benefit silage users, growers instead should consider selecting hybrids
with earlier maturity and smaller stature but equal grain yield. (Earlier maturity also may
reduce the amount of irrigation water needed.) Such a change should increase the nutritive
value of silage for silage users feeding either high roughage or high concentrate diets.
(2) Mechanically, one can process the crop more extensively during harvest with chopper‐
mounted kernel processors.
(3) As part of the hybrid choice process, one can select (a) hybrids with an increased rate of NDF
digestion by planting specific genetic mutants (BMR, i.e., brown midrib hybrids), (b) hybrids
with a greater leaf: plant ratio (leafy hybrids), or (c) hybrids with less vitreous kernels.
(4) At harvest one can leave more stubble (lower stalk and leaves) in the field by harvesting
only the upper portion of the crop in order to increase the grain: stalk ratio and the moisture
content of the harvested crop.
(5) One can lengthen silage storage time.
Hybrids with additional alterations of the crop or grain (lower phytate content or with phytase
or amylase enzymes being expressed within the grain) have been developed for specific feeding
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or industrial (ethanol production) applications. Capacity for such modified products to improve
livestock production from corn silage has not proven beneficial consistently based on the
limited research attention that they have received to date. Other selection or genetic
alterations (resistance to certain insect pests or plant diseases, insensitivity to herbicides to
simplify weed control, greater tolerance to drought) that often prove beneficial for crop
growers either by increasing grain or silage yields, reducing risk, simplifying production, or
reducing production cost, appear to have limited nutritional benefits for grain users except
perhaps indirectly through reducing fungal damage and concentrations of certain mycotoxins in
the crop. Similarly, fungicide application to reduce fungal damage under warm, moist
conditions should help plants maintain live leaves, improve late season plant health and
thereby increase yield especially if drought recovery occurs late in the growing season.
Why is corn silage harvest timing important?
Whenever corn silage is harvested before the grain reaches full maturity (black layer formation
of the grain), the yield of grain and thereby of starch and dry matter is reduced (Figure 4) based
on curves generated from multiple hybrids and sources. These changes reflect the normal
maturation process of the corn plant; the vegetative growth of the corn stalk and leaves has
been largely completed when the reproductive stage begins at pollen shed and silk emergence.
The primary change in the plant beyond this point is the expansion of the grain kernels with
some accompanying enlargement of the cob and husk. The weight of grain plus the cob and
husk continues to increase until plants reach 45 to 55% DM, far too dry for ensiling as corn
silage. However, such changes with plant maturity ultimately enhance the value of the crop
when harvested as earlage, high moisture ear corn, high moisture corn grain.

Figure 4. Impact of harvest DM on starch content of plants or silage.
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How is the energy value of various corn plant products related to the starch and NDF content
of these products?
The very precise fit of the regression line predicting TDN from starch and NDF against the TDN
reported for various corn products is presented in Figure 5. Energy content, measured as TDN,
increased as the ratio of starch to NDF increased across these corn plant components harvested
at various stages of development. Even though moisture content of plants will continue to
decrease during grain deposition, the dry weight of individual plants and thereby yield of DM
continues to increase as the weight of grain DM increases (Figure 4) to a peak when plant DM
content reaches 45 to 55% (Figure 6). Provided that corn plants do not succumb to diseases or
insects and remain healthy late in the growing season, delaying silage harvest will increase
starch content, kernel maturity, silage DM yield and, due to dilution of NDF, TDN content of the
crop.

Figure 5. Relationship of TDN to components of various corn products.
Based on analysis of hundreds of samples of corn silages from the field, silage produced and
used today ranges from under 25 to over 45% in DM content. Most crop specialists
recommend a much narrower range in DM for harvest. This is because when the plant is
immature and plant DM content is below 30%, fluid effluent often is lost from the stored
forage, especially when the crop is stored in upright silos. An increased incidence of effluent
loss also has been reported with kernel processed BMR hybrids. At the other moisture
extreme, when plant DM at harvest exceeds 40% DM, the chopped material is less pliable so
the forage mass more difficult to pack well. Packing the crop into the storage facility is
necessary first to remove as much air as possible (even though the residual air should be rapidly
flushed away by carbon dioxide produced by the fermenting silage mass) and secondly, and
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Figure 6. Influence of plant DM content (maturity) on weight of grain and total plants
and the typical harvest timing range for corn silage, snaplage, and high moisture (HM)
ear corn or HM corn grain.
likely of greater importance, to exclude oxygen re‐entry into the ensiled product, particularly on
the exposed surfaces on the top and face(s) of a silage pile. Oxidation losses can be reduced by
using a silage facer that reducing the irregularity of the exposed silage face and by reducing the
amount of surplus silage removed from storage for feeding but instead held for the next
feeding. Waiting to harvest silage until kernels to reach the black layer stage may not prove
desirable because starch digestibility will be reduced if fully mature corn kernels and large
kernel fragments remain in the drier silage due to incomplete kernel chewing by cattle,
inadequate processing when the silage is fed before being stored for 3 months or longer to
soften the kernels.
How is the DM content of corn plants related to kernel filling and maturation?
As plant DM increases, kernel weight and kernel maturity (measured by kernel milk‐line)
increase though the relationship of kernel maturity to plant DM content is quite variable (Figure
7) due to differences among hybrids in late‐season plant health as well as in growing and dry‐
down conditions. As shown in Figure 7, at ½ milk line, whole plant moisture varied from 55 to
75% (25 to 45% DM). Starch weight per kernel at ½ milk line was equal to 72 to 83% of the
starch weight of fully mature kernels (black layer stage) based on one trial from Wisconsin with
multiple hybrids.
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Figure 7. Relationship of whole plant moisture to kernel milk line across hybrids
and environments. (Lauer,1999. http://corn.agronomy.wisc.edu)
The harvest stage for corn silage recommended for many decades was based on plant DM
content alone with the boundaries of recommended values ranging from 30 to near 40% plant
DM with different moisture contents being recommended for different storage structures. Yet,
kernel maturity and starch content are not related closely to plant moisture content (Figure 7).
In contrast, extent of starch deposition is related quite closely to kernel maturity (milk line).
Thus, for maximum starch yield in silage, it appears preferable to target the optimum stage for
silage harvest and date based on kernel milk line rather than on whole plant moisture content.
Although this concept may seem to be a heretical departure from tradition and some
recommendations (Lauer, 2016). From the standpoint of silage users, such a change should
help to maximize the economic value of corn silage, not only to allow greater substitution of
starch from silage for starch from grain in high concentrate diets, but also to dilute silage NDF
with starch (and increase energy density) so that intake and performance of cattle of cattle fed
high silage diets could increase. Rather than harvesting corn silage at a specific plant moisture
content, harvesting for maximum grain yield, when corn kernels reach ¾ to full milk line, would
seem preferable. This assumes that plants remain healthy, that plant dry matter does not
exceed 40%, and that the crop is kernel processed adequately . Above 40% DM, reduced
pliability of the forage complicates thorough and complete packing into storage that in turn can
increase storage loss.
Does an advanced kernel maturity reduce starch digestibility by ruminants?
In several trials with lactating dairy cows, harvest of corn silage with a DM content above 35%
reduced total tract starch digestibility, particularly when the silage was not kernel processed at
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harvest or when the silage was fed very soon after it had been ensiled. This may reflect either
the greater prevalence of whole, dry kernels or the presence of more large kernel fragments in
drier than wetter less mature corn silage. Indeed, even with dry corn grain, grind size is
inversely related to starch digestibility by lactating cows. Does this relationship exist among
cattle fed feedlot diets? Relative to the substantial drop in starch digestibility noted with an
increased mean particle size of dry rolled or HM corn by lactating cows, the depression in total
tract starch digestibility with feedlot cattle in reported in trials to date seems very small in trials
with growing‐finishing feedlot cattle fed dry or HM grain(Figure 8). Why might starch be more

Figure 8. Total tract starch digestibility versus geometric mean diameter of rolled
dry of HM corn grain by feedlot versus dairy cattle.
extensively digested by feedlot cattle than lactating dairy cows? More youthful feedlot cattle
likely chew their feed components more thoroughly and have a longer retention time for
particles in their rumen and total tract than mature lactating cows fed diets rich in NDF with a
much higher daily DM intake. Older, larger cattle, particularly Holsteins, eat feed very rapidly
and take less time to chew their feed thanks to their very high rates of saliva production. In
parallel to this difference, feeding unprocessed (whole) dent corn may prove feasible and
economical with pre‐weaned calves or feedlot pens of young, growing beef cattle when fed
diets low in roughage content, but any recommendation to feed whole corn to lactating cows is
not likely to enlarge the client base of a nutrition consultant who works with dairy herds!
Differences in grain processing also may be involved in this particle size comparison. At the
same mean particle size, ground corn always contains more large particles than rolled corn, and
rolling probably is more prevalent as a grain processing method at beef feedlots than at dairies.
This indicates that mean particle size of processed grain alone is incomplete as an index of
digestibility. A higher prevalence of large particles would be expected to decrease extent of
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starch digestion, but conversely, high prevalence of small particle may increase the likelihood of
ruminal acidosis.
How can science be applied to project the ideal harvest date for a field or circle of corn?
The date that a heifer will calve can be predicted quite closely based on her breeding date. But
predicting calving date based only on the birth date of the heifer is virtually impossible. By
comparison, agronomists using plant growth models can reliably predict the time of kernel
maturation of corn plants based merely on the number of growing degree days (GDD)
accumulated after planting. In past decades, “days to maturity” were reported for individual
hybrids as a rough index of the number of days from planting until crop might be harvested for
silage or grain. But plant growth modeling revealed that that growth and development of
plants could be predicted much more precisely from daily mean temperatures provided that
adequate soil moisture is available. These models indicate that corn plants do not grow when
mean daily temperature falls below 50 F, and corn plants do not grow faster above 86 F than at
86 F. Mean daily temperature, based on a maximum of 86 F minus 50 (with negative values
deleted) provides a value for each day called its “growing degrees” . These values during the
growing season beyond the planting date can be accumulated to yield “growing degree days”
or GDD for the season to date. Plant growth and maturation are closely related to GDD, a
heuristic tool in phenology. Whenever a new hybrid is being developed and tested, the GDD
required for plants of that hybrid to reach sufficient maturity for silage harvest (35% plant DM
or ½ milk line) or full maturity (black layer formation) will be measured so a GDD or heat unit
value can be assigned to that specific hybrid.. To match these values, a corn producer can
retrieve locally accumulated growing degree based on local weather data for any zip code in the
US for every day of the growing season. By comparing the number of GDD needed for plant
maturation of the hybrid being grown with these GDD that have been received in the growing
season to date after planting, corn growers can estimate how many additional days or weeks
will be required for the hybrid to reach any chosen point of plant development.
One additional index to benchmark plant maturity is silking date. Silking date is the date that
silks first emerge from the developing ear. Hybrids differ in GDD required for maturation, but
regardless of the total GDD required, the number of days from silking to black layer is relatively
constant at 55 to 60 days whereas the time from silking to ½ milk line will be 42 to 47 days.
As an index of the maturity of the corn kernels, the milk line of the kernels can be measured.
Agronomists often use the term “milk” instead of “milk line;”. This difference in terminology
can prove confusing because these scales run opposite each other, with “milk” going from
100% milk at the dent stage of maturity to 0% “milk” at black layer while “milk line” values
increase from 0% at dent maturity to 100% “milk line” at black layer. To assure that kernels
will be adequately mature when harvested, silage producers often employ a milk line of 20 to
60% (depending on the storage facility being used for the crop) as the trigger point to begin
harvesting plants to check their moisture content. This process was described well by Lauer
(2016). If greater kernel maturity is desired at harvest, a later trigger point can be selected.
Regardless of its milk line, plant DM at harvest should not be allowed to exceed 40%.
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Once the trigger point in milk line is reached, it is time to begin checking the whole plant DM
content. Plants should be gathered from multiple locations in a field or circle (not merely those
on the outside edge) and chopped to obtain a representative sample to assay for DM content.
Dry matter content of samples can be determined with a Koster™ moisture tester or in a
microwave or forced‐air oven. Based on the measured plant DM, one can project moisture
content of plants in the future based an expected rate that standing plants loose moisture.
Rate of drying of the full plant typically is 0.5 (0.4 to 0.7) percentage points per day with dry‐
down rate being slower on moist, cool days but considerably faster on warm, dry, windy days.
More details on plant moisture determination have been outlined by Lauer (2016). Plant DM at
harvest should not exceed 40% to achieve adequate packing of the crop into the storage
facility.
Despite having all the information above so one can set an ideal harvest date for a field or
circle, crop growers who rely upon custom operators for silage harvest may have limited
options in scheduling the crop harvest date precisely although custom operators may allow
slight adjustments in the silage harvest date by rearranging the order in which the crop of
different customers is harvested.
Why kernel process corn silage?
Chopper‐mounted equipment is available to “kernel process” plant material as it is being
harvested. The total crop is crushed through a variable gap (down to 1 mm) between steel rolls
that crush the full crop including all corn kernels. Crushing increases starch digestibility from
whole kernels and large corn kernel fragments by fracturing and scarring the pericarp and
increasing the exposed surface area of the grain making the starch more readily accessible for
microbial and enzymatic attack and digestion. Processing rolls of various styles and surfaces
for various crops (e.g., sorghum grain) are available commercially.
In the initial studies with kernel processing, reductions in total tract NDF digestibility often were
apparent. Early researchers ascribed this decrease in NDF digestibility to a shortened ruminal
retention time for digestion of the crushed stover particles. However, kernel processing also
crushes the cob into small fragments. This prevents cattle from sorting and rejecting those
smaller, poorly digested cob fragments as often occurs with unprocessed corn silage. Those
“silver dollars” from unprocessed corn silage often are rejected by cattle and instead will
accumulate in the feed bunk. In contrast, when those poorly digested cob fragments present
within the processed corn silage are consumed, NDF digestibility is reduced automatically.
Among the most recent additions to the kernel processing arsenal are “shredlage” processing
rolls; these not only crush the corn kernels but also they will partially shred the forage.
Exposing more NDF for microbial attack appears to increase the extent of NDF digestion,
particularly for the NDF associated with larger fiber fragments.
Variability in the degree of the digestibility and performance responses to kernel processing can
be ascribed to differences in the adequacy of kernel processing (≤ 1 mm roll gap plus greater
differential in speed of the rolls being preferable) and the degree of kernel maturity at harvest,

51

with processing being more effective with more mature, harder and drier kernels, particularly
when fed in high roughage diets where retention time in the rumen is short. Interactions
among kernel maturity, kernel processing, and storage time should be expected; greater kernel
maturity tends to decrease the extent of starch digestion, especially with high roughage diets.
In contrast, kernel processing and longer storage time, by both softening or reducing the size of
the kernel fragments, will expose more surface area for starch digestion and combine to
increase the extent of starch digestion.
Benefits in starch availability from kernel processing are less with feedlot cattle fed high
concentrate diets than with dairy diets where the dietary corn silage level is greater and
ruminal retention time is shorter. As a result, with starting or maintenance diets containing
more mature corn silage, the increased cost of kernel processing may prove justified
economically. The high expense of kernel processing equipment when combined with the
additional input energy (fuel) required, and the slower harvest all add to the cost of kernel
processing of corn silage. A simultaneous increase in chop length can partially reduce the
amount of fuel used for harvest. . If silage growers or users are paying custom harvesters an
extra fee for kernel processing during harvest, loads of chopped material should be checked
frequently to assure that no kernel fragments larger than ½ kernels remain in the product.
Rolls must be working properly and the roll gap setting must be sufficiently small so that all
kernels, including those small kernels near the tip of the ear, are cracked. Less benefit should
be expected from processing kernels at less than ½ milk line, kernels more floury hybrids, and
from silage that has been fermented for a longer time; benefits should be greatest with flint or
flint‐dent hybrids harvested when more mature at harvest and when fed in diets containing
more silage or other roughage sources.
The DM content at harvest and the maturity of the harvested corn crop generally has little if
any impact on extent of in vitro NDF digestion after 24, 30, or 48 hours. In contrast, live animal
measurements consistently have detected slight decreases in total tract NDF digestion from
silages that are drier. This difference in NDF digestion response between in vitro (lab)
measurements and NDF digestion within the rumen or the total digestive tract are
disconcerting. Why might this difference exist? To obtain a representative sample for lab
analysis, silage samples are dried and ground finely. Grinding silage after it has been dried
exposes much more of the coarse fiber for digestion than occurs in animals that fail to fully
chew the moist, more pliable feed particles. Any process that exposes more NDF for microbial
digestion, as with shredlage rolls, should help to increase NDF digestibility by cattle.
Why grow or feed brown midrib (BMR) hybrids?
Corn and sorghum hybrids with the BMR trait have a reduced amount of lignin present in their
NDF. Lignin will bind with the hemicellulose fraction of NDF and reduce NDF digestibility. So as
a result of their decreased lignin, NDF forages with the BMR trait generally have an Increased
rate and extent of NDF disappearance in vitro, a reduced concentration of uNDF240h (the
quantity of NDF that remains undigested after 10 days of exposure to rumen fluid), and a
greater NDF digestibility by cattle when those cattle are fed a limited amount of feed. But
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when cattle are given free choice access to forage‐rich diets, BMR forages usually do NOT
increase NDF digestibility! Instead, feed intake is increased. The increased intake of DM and
energy can explain most if not all of the benefit from BMR hybrids. Why is digestibility not
increased when cattle are given free choice access to feed? The more rapid ruminal digestion of
NDF present in BMR hybrids reduces bulk fill which allows feed intake to increase. However,
this increased feed intake also increases the rate of passage of NDF through the digestive tract
so that the amount of time available for NDF digestion is shortened. Ultimately, this faster
passage rate counter‐balances the potential for an increased extent of NDF digestion seen with
either in vitro measurements or with limit‐fed cattle. Despite the failure of the BMR trait to
increase total tract NDF digestibility of cattle given free choice access to feed, because BMR
hybrids consistently increase DM and energy intake, they generally increase and performance
of cattle fed high forage diets where bulk fill limits DM intake. With high concentrate diets, no
performance increases due to an increased feed intake should be expected even through the
extent of NDF digestion from the BMR forage will be increased.
Unfortunately, the genetic base of BMR hybrids is very narrow; this has limited the potential for
selective improvements in composition or yield of BMR hybrids. As a result, increases in starch
content and yield from selection among BMR hybrids have lagged behind those of traditional,
non‐BMR hybrids. Consequently, the digestible energy yields per acre in the past generally has
remained lower for BMR than for non‐BMR hybrids. Furthermore, the altered NDF composition
of BMR hybrids is associated with an increase in the BMR plant’s susceptibility weather stresses
(e.g., drought, wind and weather damage), stresses that vary from year to year and among
geographic regions. These decreased yields combined with the increased risk from weather
damage has caused silage users to hesitate asking their contracted silage growers to grow BMR
hybrids despite the potential for the BMR hybrids to increase NDF digestibility and performance
of cattle fed higher roughage diets.
Although an increased NDF digestibility can influence feeding value, selection for greater NDF
digestibility of corn hybrids has been hampered by the imprecision of NDFD analysis (± 2%). As
a result, genetic selection for higher starch content among non‐BMR hybrids can be expected to
increase the energy value of corn silage more rapidly than selection for an increased NDF
digestibility.
What other harvest alterations can increase digestibility of NDF or decrease NDF content of
corn silage?
Plant parts differ in their NDF concentrations and in vitro digestibility (Figure 9). Note that
although the NDF content of leaves rivals that of other corn plant parts, digestibility of the NDF
from leaves is double that of most segments of the corn stalk. On this basis, one should expect
NDF digestibility to be greater for corn plants that have a greater leaf: stalk ratio. The response
to altering leaves should not be expected to have a large effect on total plants because all the
leaves of normal corn plants when combined provide less than 11% of the total amount of DM
and NDF present. Nevertheless, selection for and marketing of “leafy” hybrids has been based
on the fact that leaves are well digested. Leafy hybrids have several additional sets of leaves
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that unfortunately are located above the ear. As a result of their location, these additional
leaves shade the “ear leaves”, the primary source of sucrose for starch deposition in the ear. As
a result, leafy hybrids generally have lower grain yields so their silage will have less starch and,
conversely, more NDF. Overall, this method of increasing NDF digestibility and energy content
of corn silage appears to hold only limited promise.

Figure 9. NDF and NDF digestibility at 48 hours for various corn plant parts averaged
across 3 hybrids at 3 harvest DM contents (30, 35, and 40%).
The stalk makes up about 30% of the corn plant’s DM, but stalks provide about 46% of the
plant’s NDF and 57% of its indigestible NDF because stalks have an NDF digestibility that is
lower than most other plant parts. This means that bulk fill is associated largely with the corn
stalk. If the chopper leaves more of the lower stalk in the field and harvests only the upper
portion of the plant, this decreases the indigestible bulk in harvested in the corn silage while
also increasing the moisture content of the harvested crop. Although yields of DM and NDF of
corn silage are reduced by “high chopping”, the grain remains so energy density of the crop is
increased. Consequently “high chopping” decreases bulk fill but should increase energy
content of the harvested crop. The sacrifice in DM yield from “high chopping” concerns silage
growers and those with limited acreage to harvest relative to their silage need. Although some
trials with high chopped corn silage have shown promise, animal performance or production
benefits from increasing the chop height from 6 inches to 12 inches above the soil surface have
been inconsistent. This inconsistency likely is due to differences in plant health at harvest and
in the viability of the lower leaves and stalk being harvested. If the lower leaves are brown and
dead and if the lower stalk is brown, the NDF digestibility of these fractions likely is quite low;
dead tissues should be left in the field. But if the lower leaves remain green and healthy and
the lower stalk remains green, their NDF digestibility presumably should remain reasonably
high. As a result, adjusting height of cut “on the go” with a color sensing device on the chopper
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designed to harvest green but not dead tissues should increase NDF digestibility and avoid the
loss in the yield from failure to harvest the more readily digested NDF. Additional factors
regarding the topic of corn silage cutting height have been discussed extensively by Wu and
Roth (2017).
Do floury grain hybrids yield corn silage with greater feeding value?
Corn kernels vary in density; a greater ratio of hard or vitreous (hard deep yellow) starch to the
floury (white powdery) starch in the kernel endosperm increases the absolute density of
kernels. When dry and ground, floury grains yield more powder and fewer large particles than
denser, vitreous kernels. Suspended in rumen fluid, the starch present in smaller particles has
more surface exposed and thereby is fermented more rapidly than large particles. As a result,
the extent of starch digestion at a specified incubation time in vitro will be greater for floury
grains. Being dependent on particle size, the difference in rate and extent of starch digestion
between vitreous and floury grain can be largely removed by finely grinding the product or by
more extensive processing (flaking or ensiling). No differences in ruminal or total tract starch
digestibility were apparent for steers fed ensiled HM corn grain from a vitreous than from a
floury corn hybrid (Szasz et al., 2007). Thus, it seems illogical to suggest that floury hybrids
when used to produce corn silage should have higher starch digestibility, particularly if the
silage has been kernel processed adequately and fed only after being ensiled for over 3 months.
How long should corn silage be stored prior to feeding for maximum starch digestion?
Results from numerous in vitro studies consistently have shown that in vitro or situ starch
digestibility increases as the duration of corn silage storage increases (Figure 10). Although
these increases averaged only about 1% per month, this rate ranged from 0.2 to 1.5% per
month being greater for drier corn silages. In one study with lactating cows, digestibility of
starch increased from 2 to 6 months of storage by an average of only 0.25% per month of
storage for silage from a dent corn hybrid, but by 1.7% per month for corn silage from a flint
corn hybrid. With total tract starch digestibility from corn silage by feedlot cattle typically being
greater than 90%, these increases seem relatively small. Yet, many dairy producers routinely
hold corn silage for 3 months prior to feeding in an attempt to increase its feeding value
slightly.
What is the energy content of corn silage?
Because corn silage does not have a consistent composition (Figure 11), a consistent energy
value (TDN as calculated from nutrient composition or measured with cattle) should not be
expected. Yet, later harvest, by increasing the starch to NDF ratio, should have an impact on
TDN of corn silage. In an attempt to determine the TDN content of “typical” corn silage, the
realized TDN of each of 134 diets containing corn silage when fed to growing cattle at various
proportions of diet DM was calculated from daily gain, mean weight, DM intake, and net energy
equations. Next, the amount of energy contributed by the non‐silage portion of each diet was
calculated as the sum of the amounts of TDN being contributed from each of the other
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Figure 10. Influence of corn silage storage time on starch digestibility by lab
measurements and by lactating cows.

Figure 11. Mean composition and TDN values calculated from composition for corn
silages differing in DM content.
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components of the diet. Subtracting the TDN of these non‐silage components from the realized
TDN of the total diet gave an estimate of the TDN being contributed by the corn silage alone.
When this value was divided by the proportion of diet DM coming from corn silage, this
generated an estimate of the TDN from the corn silage alone. Those TDN values for each of the
134 diets are plotted in Figure 12.

Figure 12. Corn silage TDN for 134 diets calculated from cattle performance and
ME of non‐silage diet components with diets with different proportions of corn silage.
As expected, variability among TDN estimates was substantial, particularly when corn silage
levels in the diet were low. Errors involved with estimating TDN of non‐silage components
would be much greater when less silage is fed. But an interaction of the TDN content of corn
silage with inclusion of distillers’ products in the diet was detected. For diets without distillers’
products, TDN increased slightly but linearly from 59 to 73% as silage level in the diet increased.
This compares closely with the mean TDN estimates of 68% (61 to 75%) from NRC (1996) and
67.7% (65.3 to 70.1%) from NRBC (2016). But when fed in diets containing distillers’ products,
the TDN content of corn silage increased curvilinearly with level of corn silage in the diet; TDN
increased from being below zero to a peak of about 76% with 75% corn silage in the diet.
Averaged across all diets, TDN decreased as fat content of the diet increased, but TDN
increased as level of silage in the diet increased. Some past studies have indicated that higher
dietary fat levels will decrease the extent of NDF digestion. Alternatively, if the TDN values for
distillers’ products are overestimated by NRBC (2016), this error similarly would cause TDN
content of corn silage to be underestimated when distillers’ products are included in the diet.
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Despite the apparent depression in the TDN of corn silage when fed with distillers’ products,
total energy intake by cattle when calculated from cattle performance was NOT depressed by
including distillers’ products in the diet. Energy intake with these diets was compared with the
expected maximum energy intake of a high energy diet (2.1% of body weight daily with TDN
content of a typical high concentrate diet) as shown in Figure 13. Instead, primarily due to an
increased DM intake, daily energy intake and ADG of growing‐finishing cattle were consistently
greater with than without distillers’ products in the diet. This illustrates how both NE content
of the diet and DM intake will impact net energy intake and rate of gain.

Figure 13. Energy intake as a fraction of expected energy intake with various
levels of corn silage in diets that included or did not include distillers’ products.

“Feeding values” for feedstuffs often are calculated and discussed rather than performance‐
measured or realized NE (net energy) values for feeds. Such “feeding values” typically are
calculated directly from gain to feed ratios. Animal performance and gain to feed ratios will
vary with two interrelated but separable factors: DMI and net energy content of the diet. An
increase in “feeding value” should be expected when DMI increases due simply to greater
dilution of maintenance energy requirements. Thereby, any increase in DMI should
automatically generate an increase in “feeding value.” Although “feeding values” may be
related more closely to economic return than NE values are, the responses in NEg and in DMI
must be separated for clear study, full discussion, and proper diet formulation. Such separation
would help to clarify and advance our understanding about the potential for performance
benefits ascribable to specific feedstuffs, ionophores or production practices. Separation would
help avoid confusion among unskilled nutritionists (often veterinarians), producers, and
students. Failure to separate these two factors causes the “feeding value” for a feedstuff to
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exhibit peculiar but sizable changes when the dietary level of a feedstuff is changed. Indeed,
unless these two factors are separated and discussed, various additives or practices that
increase NE value but decrease DMI may go unrecognized while conversely, improvements in
energy value of a feed ingredient or practice may go unrealized if DMI is being restricted by
bulk fill or other factors. Separating these two factors also would help focus greater research
attention on the regulation and control of feed intake, an important research topic that often is
overlooked and ignored even though daily feed intake of individual groups of cattle is
monitored routinely by all progressive producers and feedlots. For future study and
comparisons, realized NEm and NEg values should be calculated and reported from all trials in
both reviewed and non‐reviewed publications.
How can the value of specific alterations of the corn crop be logically assessed and
quantified?
First, responses in nutrient content of silage (starch and NDF) to an alteration in harvest
maturity or silage type must be determined. Second, any effects on total tract digestibility of
these components must be known or predicted. From an energy (but not a protein) basis, total
tract digestibility can be used instead of ruminal digestion alone because even though site of
digestion of components may be altered by certain practices, the impact of site of digestion on
the energy value of a diet appears quite small and is very difficult to quantify. Hence, total tract
extent rather than site of digestion seems to be the simplest and most logical target to estimate
the amount of available energy from a diet. Assuming that all remaining cell contents beyond
NDF and starch (100 minus the amounts of NDF and starch) minus ash will have a true
digestibility of 98% and that fecal energy loss is 8% of dietary energy consumed (based on the
summative equation of Van Soest), available energy (TDN) of the crop without or with a specific
alteration can be assessed. These TDN values should be applicable directly for corn silages fed
in diets where bulk fill does not limit DM intake.
For conditions where bulk fill does limit intake, the intake response to a specific alteration in
NDF content or NDF digestibility must be assessed. To quantify the feed intake response, one
needs to use some estimate of bulk fill. Bulk fill from NDF can be estimated as the amount of
indigestible NDF consumed when DMI first becomes limiting for cattle are fed diets containing
high amount of roughage. This value allows one to estimate the maximum amount of
indigestible NDF that cattle can consume each day. The intake maximum for indigestible NDF
for a 660 lb. steer when ADG is limited by level of dietary corn silage calculates to be roughly
1.8 kg or 4 pounds of indigestible DM per day. This value is below the estimate of maximum
daily fecal DM excretion of 1% of body weight daily proposed by Australian workers, but does
not include the fecal loss from metabolic DM estimated as 8% of DM intake (about 1 pound per
day) plus undigested protein and fat that adds about 0.7 pounds per day to fecal output. This
maximum indigestible NDF value allows one to estimate the potential intake of corn silage
from the concentration of indigestible NDF content of the diet.
Finally, digestible energy intake for this 660 lb. steer can be calculated as daily DM intake of the
diet multiplied by the energy value (TDN) of the diet. From this TDN or NE intake, one can
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calculate ADG based on net energy equations. An example of energy value changes and energy
intake estimates for corn plants harvested at various milk‐lines is provided in Figure 14.

Figure 14. Expected performance responses to corn silage harvested at various
maturity stages.
Based on these input data, although starch content increased as kernel milk line increased,
starch digestibility dropped at higher milk lines so that TDN content of the diet became slightly
lower for corn silage harvested at 100% milk line (black line stage) than at earlier stages of
maturity at harvest. The TDN values at later silage harvest stages were only slightly greater
than for the base diet, the dent stage of harvest. Although changes in TDN were small, if starch
content were increased by 7% by delayed harvest and if corn silage comprised 15% of diet DM,
the added starch from the silage would spare 1.05 pounds of grain starch or about 1.5 pounds
of dietary grain each day. Results of this exercise indicate that delaying harvest of corn silage
from dent to full kernel maturity should increase TDN of the corn being fed in high concentrate
diets by only a small amount. Nevertheless, yield of corn silage DM and starch per acre would
be increased by delayed harvest so efficiency of land use and economic return for the corn
grower would be increased.
Would similar responses in energy intake be expected from including these same silages in high
forage diets? Because delaying harvest decreases NDF content of silage due to dilution of NDF
by the additional starch, the concentration of indigestible NDF in the corn silage will decrease
as plant maturity increases. As a result, if intake is limited by the amount of indigestible NDF in
the diet, intake of corn silage could increase by as much as 8% when compared with corn silage
harvested at the dent stage of maturity. Multiplied by the TDN contents of these diets,
substantial increases in energy intake would be expected from delaying corn silage harvest to at
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least ½ milk line although again waiting for full grain maturity again may sacrifice TDN intake
slightly due to a reduced starch digestibility. These calculations illustrate that performance
responses from a single specific practice such as maturity at harvest should be expected to
differ drastically with diet type (high concentrate diets used in feedlots versus high roughage
diets fed to lactating dairy cows).
Note that values in Figure 14 were based on normal (not BMR) corn silage that had not been
kernel processed or high chopped but had been stored for over 3 months prior to feeding.
Estimates of the TDN and DMI responses to kernel processing, high chopping, and BMR silages
also were calculated, but the numerical results rely strongly on the magnitude of change in
composition and NDF digestibility, and the degree of those changes that remain uncertain.
Therefore, detailed results of those comparisons will not be discussed herein though they could
be calculated with various inputs as desired (and I am available as a consultant!). In a nutshell,
processes that decrease NDF content (high chopping) of silage or that increase NDF digestion
rate (BMR hybrids) should prove most beneficial through increasing the DMI of high forage
diets. As noted earlier, most of the response to BMR hybrids with high roughage diets can be
attributed to an increase in DMI. However, changes in NDF content or digestibility would not
be relevant or important if the corn silage is being included in high concentrate diets. Increases
in silage starch content from high chopping and the increased starch digestibility from kernel
processing should be greater with more mature grain, but the magnitude of these responses
may be detectable only when the starch from silage comprises a substantial portion of the total
dietary starch. A slightly larger amount of the dietary grain could be displaced by silage if the
starch content or starch digestibility were increased.
What feedstuffs besides corn silage can be produced from corn plants?
Modern corn hybrids at maturity have about 50% of their DM as grain and 50% as stover (non‐
grain components); because digestibility is greater for grain than stover, over 2/3 of the energy
yield of the corn crop is derived from the grain. Although much of the increase in grain yields in
past decades can be attributed to increases in corn planting density (plants per acre), the ratio
of grain to stover has increased gradually but consistently with hybrid selection for increased
grain yield together with shorter plant stature. Because grain always drier than stover, if the
harvest of silage is targeted for a specific DM content (e.g., 30%), modern hybrids that have a
higher grain content automatically will be harvested at an earlier stage of plant and stover
maturity. Consequently, to harvest plants at a similar stover maturity, corn plants with greater
grain content must be harvested at a higher DM content than was true for hybrids with lower
grain content as were grown in past decades.
The “official” definitions of specific products from corn plants has been based largely on which
plant parts are included, the moisture content at harvest, and to some degree on the harvest
method employed (Figure 15; Lardy and Anderson, 2010). How these terms are defined also
can vary among livestock producers, researchers and analytical laboratories.
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Figure 15. Harvest products, timing, and equipment for the corn crop.
Grain, with or without the cob and shank plus husk, can be harvested at 28 to 40% moisture
and ensiled (forming either HM grain, HM ear corn, or snaplage) for feeding ruminants. Richer
in starch than corn silage, such products when ensiled for preservation are widely and
increasingly being fed to dairy and beef cattle as sources of digestible starch and energy.
Considering that some of the kernels present in these products will be fully mature, benefits
from kernel processing or grinding should be greater than for corn silage. The equipment
needed for harvest and the storage space required differs among these various products.
Although the rapid harvest speed and the very high cost of harvest equipment have increased
dependence on custom operators, dependence on custom harvest can markedly reduce the
options in harvest timing options that are available for corn growers or users. “Semi‐official”
definitions for various products used in this manuscript are provided below.
Whole plant corn silage: Entire corn plants typically harvested about 6 inches above the soil
surface with an all‐chop header on a chopper and coarsely ground through the chopper for
ensiling. With irregular ground or rocky soils, chop height may need to be increased to reduce
the amount of ash in the chopped forage and to avoid equipment damage.
Earlage: Ensiled corn grain, cobs, husks, shanks plus a portion of the stalk above the ear that
typically is harvested with a chopper with an all‐chop header, ground, and ensiled. Typically,
the faster the harvest speed, the greater the fraction of the upper plant fractions present in this
product.
Snaplage: Corn grain, cobs, husks, plus some of the shank harvested with a chopper equipped
with a corn snapper head, chopped through a forage harvester, and ensiled. To reduce the
separation of corn husks from the ensiled mass that may cause spoilage pockets, kernel
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processing with a shredlage roll to reduce husk separation is recommended. The term
“snaplage” will be used to include “earlage” in this presentation.
High moisture ear corn: Corn grain plus cob material harvested with a combine or corn picker
that retains the grain plus some portion of the ground cob and some finer particles of forage
that will be ground and ensiled. Note that the husk and shank present in snaplage have been
removed. Another term for this commodity would be "HM corn and cob meal."
High moisture corn grain: Corn grain ideally harvested between 26 to 34% moisture (the higher
the moisture content the better for starch digestion) harvested with a combine and
subsequently rolled or ground for anaerobic storage; HM grain can be stored without grinding if
placed in an oxygen‐limiting structure or when a portion (≈ 50%) of the grain is ground and
mixed with the whole grain for storage. Grinding or rolling to increase starch digestibility by
crushing or cracking all whole kernels and to avoid air penetration through the silage face is
recommended.
Despite differences in components presumably present in earlage versus snaplage,
differentiation between snaplage and earlage have been largely ignored in published or popular
press articles even though these two products remain classified separately in feed composition
tables. Composition means and ranges for starch‐enriched materials are available from various
feed analysis labs with annual crop summaries also being available from the Dairy One
Interactive Feed Composition Libraries (http://dairyone.com/analytical‐services/feed‐and‐
forage/feed‐composition‐library/interactive‐feed‐composition‐library/ ). Graphs prepared from
these values from different crop years should reflect composition changes over time. For
example, during the past 15 years (Figure 16) the concentration of NDF in snaplage has
decreased whereas TDN, presumably calculated from nutrient composition, has increased to a
plateau. Based on the decreased amount of NDF (presumably due to less top stalk being
present) in modern “earlage”, the term “snaplage” will be used in this presentation to
represent both earlage and snaplage. Various aspects of HM grain fermentation and feeding
values have been discussed previously by Goodrich and Meiske (1976), by Mader and Rust
(2006) in the Cattle Grain Processing Symposium (2006), and in an extension publication by
Lardy and Anderson (2010). General aspects of harvest, storage, and feeding of HM corn and
snaplage also have been described by Mahanna (2008) and Anonymous (2013).
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Figure 16. Concentrations of TDN and NDF in samples of corn earlage assayed at the
Dairy One laboratory (Dairy One, Ithaca, NY 14850) from harvest years 2000 to 2015.
What economically important feed components are supplied by corn and corn products?
Being economical sources of energy, protein, and fiber, corn products are used extensively by
the US feedlot industry. First and foremost, corn plants and plant parts as well as byproducts
generally are the most economical sources of energy for feeding ruminants and non‐ruminants
in the US. But in addition to supplying energy, corn and its components typically provide more
than half of the crude protein in diets for feedlot cattle even though protein or non‐protein
nitrogen (NPN) must be supplemented with most corn products to fully meet the nutrient
requirements of rapidly growing‐finishing cattle and lactating dairy cows. In contrast to the low
protein content of corn grain or silage, byproducts of corn generated by the ethanol industry
(distillers' feeds; corn gluten products) are notably rich sources in protein due to selective
removal of starch from the grain; they will provide both protein and energy for growing‐
finishing beef cattle and lactating cows. Distillers' grains have more value in diets when fed at
lower levels simply to replace the more costly sources of supplemental protein sources; larger
amounts are fed as a source of energy when such byproducts are economically competitive as a
source of energy with grain and other energy sources available locally and because distillers’
products dilute dietary starch (reducing the likelihood of metabolic disorders). Furthermore,
increases in DM and energy intake often are seen from when distillers’ grains are included with
many diets. Because the sulfur content of distillers' products can be excessive, dietary levels of
distillers' products seldom exceed 40% of diet DM. Much of the protein in corn stover and
grain of corn silage is fermented to soluble protein in the silo and to ammonia in the rumen;
such degradation reduces the amount of intact protein and amino acids available in the small
intestine as rumen undegraded protein (RUP) that is needed to meet metabolizable protein
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requirements for ruminants. Increasing the supplement supply of RUP from products like dried
distillers’ grain and roasted soybean meal has increased DMI and ADG slightly in several studies.
This may indicate that an increased supply of RUP from distillers’ products may be responsible
for the intake stimulation noted from including distillers’ products in certain diets. Yet, when
dietary starch or other feed components are degraded extensively within the rumen (e.g., with
flaked corn) and the postruminal supply of microbial protein is high, the need for and benefit
from an additional amount of postruminal protein from RUP‐rich supplements will be obviated.
When should corn plants and plant parts be harvested for various classes of cattle?
For livestock with sufficient rumen capacity and where energy requirements are not extremely
high (pregnant or lactating beef cows; larger incoming feedlot cattle) or where starch‐reduced
diets are desired to reduce the likelihood of acidosis (younger or starting cattle), whole corn
plants (freshly chopped or ensiled) can be included in diets at high levels. But for maximum
gain of growing‐finishing cattle, the (1) grain alone can be harvested and fed or the grain can be
harvested together with the cob forming (2) corn and cob meal that, when harvested together
with the husk and part of the shank will form (3) snaplage. Ear corn can be harvested when its
moisture content is sufficient to ensile following grinding or later when the grain and ear is dry.
To increase starch digestibility of the grain, particularly with flint corn grain, reconstituted grain
(formed by adding water to dry ground grain) is being used as an energy source for feedlot
cattle in Brazil and some other countries. For silage, huge choppers often run by commercial
operators, will chop the entire plant leaving more or less stubble depending on the amount of
silage needed and the desired digestibility of the NDF. But to capture and isolate the grain for
feeding or marketing, combines are used to separate the grain from other plant components
using sieves; alternatively, a corn picker with a husking bed can be used to remove the husk and
shank to form cob corn. Choppers equipped with snapper heads, being less complex, less costly
to purchase and maintain, and with greater harvest speed, usually are employed to glean the
full ear (including the grain, cob, husk and shank) to form snaplage. Compared with combines,
choppers can readily harvest the crop when the grain still has a high moisture content that
makes it difficult or impossible to cleanly and readily separate the grain from the cob with a
combine. Thus choppers are more adaptable for harvest when grain being harvested still has a
high moisture content; choppers also will retain a higher proportion of the grain from a corn
crop because combines often fail to recover the small kernels near the tips of ears (Spock’s
ears). The harvest of snaplage has expanded the time window for and the annual use of
custom choppers Multiple uses for harvest equipment (e.g., choppers for both whole plant
silage and snaplage; combines for HM or dry grain) also can dictate what type of harvest
equipment should be purchased and used. Large choppers currently are more prevalent than
combines for custom harvest of wet corn products commercially within the US though almost
all dry grain is harvested with a combine. To harvest HM corn and dry corn cleanly and
separately from the cob requires either a combine or a corn picker‐sheller.
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What is the nutrient composition of these higher starch corn plant products?
Nutrient compositions of various higher‐starch products compiled from assays at various
laboratories as summarized by the NRBC (2016) are shown in Figure 17.

Figure 17. Composition of higher starch products produced from corn plants as
summarized by NRBC (2016).
Compared with grain alone, either as HM corn or dry corn grain, snaplage and ear corn contain
considerably more NDF; this dilutes the starch and protein of the grain. The energy (TDN)
content of these products largely reflects their starch content.
What are the harvest yields of wet matter, dry matter, and energy from these various
products?
Because starch, unlike energy, is neither created nor destroyed during crop fermentation, the
starch content of various products presented in Figure 1 was used to calculate the relative
harvest yields of various products (Figure 18).
Compared with corn silage, the quantities and volumes of wet and dry matter that need to be
harvested, transported, and ensiled are considerably less for snaplage; total NEg yield also is
lower for snaplage than silage because the cell contents and NDF from the stalk and leaves are
not being harvested. But when compared with dry corn grain, snaplage will yield over 20%
more dry matter and 13% more NEg due to presence of the cob, husk, and shank in these
products. On this basis, the NEg content of snaplage should be approximately 90 to 94% that of
dry corn. Steer feeding trial performance data indicate that HM corn and cob meal had over
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Figure 18. Harvest yields per hectare from corn silage and other products produced
from corn plants.
97% of the value of a mixture of HM corn grain plus 8% corn silage (Hill et al., 1995) The "built‐
in" roughage, coming from the cob and husk plus shank present in snaplage but not harvested
with either HM or dry corn grain, also can replace a portion of the forage normally added to
high concentrate rations formulated for feedlot cattle. Roughage from snaplage thereby can
reduce a portion of the corn silage or other forages that need to be purchased or harvested,
and processed to be included in feedlot diets.
How do these estimates of DM and energy yield for various corn products compare with
those from steer performance trials?
The only experiment to date that has compared DM and realized net energy yields of corn
silage, snaplage, HM corn, and dry rolled corn as well as steer performance was conducted at
the University of Minnesota by Johnson et al. (2016). Yield results of that experiment (Figure
19) were remarkably similar to those calculated from NRBC values (Figure 18). Substantial
reductions in wet and dry weights were apparent when the crop was harvested as snaplage
rather than corn silage and an advantage in energy yield of snaplage over dry rolled corn grain
was detected even though the NEg value of the snaplage diets was slightly lower than
estimated by NRBC (2016).
How digestible is the NDF from these products?
Estimates of in vitro digestibility of the NDF present in various portions of the corn plant
harvested from two normal and one BMR hybrid averaged across three stages of maturity are
presented in Figure 20.
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Figure 19. Yields of wet and dry matter plus NEg from various corn products based on a
steer performance trial (Johnson et al, 2016)

Figure 20. In vitro 48 hour in vitro digestibility of NDF components of various fractions
of corn plants.
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Figure 21. In vitro 24 hour digestibility of DM from various components of ears from 4
hybrids harvested as snaplage at 4 different degrees of maturity from Soderlund et al.
(2006).
As noted previously, the fiber (NDF) fraction of the lower portions of the corn stalk is
considerably less digestible than the NDF from the upper stalk or the leaves and husk plus
shank portions. Because NDF digestibility is greater for leaves than stalk, increasing the leaf to
stalk ratio increases NDF digestibility of the full plant. Indeed, a reduction of stalk weight that
results in an increase the leaf: stalk ratio may explain why drought early in the growing season
results in an increased NDF digestibility of the full plant. Within snaplage, the husk plus shank
has quite high NDF digestibility whereas digestibility of NDF from the cob is considerably lower.
Digestibility of DM from the cob and the husk and shank tended to decrease as ears matured
and become drier (Figure 21) though digestibility of the full ear (that includes these two
fractions as well as the grain) failed to decrease. This may reflect a limited contribution of
these components to weight of the snaplage or possibly a continued increase in the starch
content of the snaplage .
How does corn plant maturity alter the quantities of cob and husk plus shank present in
snaplage?
Presence of various components within snaplage can be estimated from the amounts present in
the corn and cob meal and from snaplage that was hand‐harvested at various grain moisture
contents (Figure 22).
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Figure 22. Contributions of the cob (forming corn and cob meal) and the additional husk
plus shank (forming snaplage) to total ear weight at various grain DM concentrations
from 4 hybrids harvested at various maturities by Soderlund et al. (2006).
For snaplage harvested at 65% grain DM, the cob added 14% to grain weight while the husk
plus shank added an additional 8% reaching a total of 22% added weight. At 70% grain DM,
contributions of these fractions were less, being about 13% for the cob plus an additional 7%
for the husk plus shank for a total of 20%. Combine harvested HM ear corn in one trial (Hill et
al., 1995) was 18% greater than for HM grain, somewhat more than the estimates of 13 to 14%
calculated from data in Figure 22. This difference may reflect some loss of grain from Spock
ears during combine harvest. The relative contributions of the husk plus shank also can differ
among corn hybrids because the point at which the ear breaks from the stalk will be closer to
the stalk with some hybrids than with others. Hybrids with more tenacious attachment of the
ear, a characteristic of hybrids selected for reduced ear drop, may yield snaplage with a higher
proportion of shank present in their snaplage.
What is the grain moisture content that will maximize yield of snaplage?
Figure 23 illustrates the yields of ears including the husk plus shank, at various grain moisture
concentrations for 4 different hybrids.
Note that grain dry matter was used as the basis for comparison in Figure 22. This reflects the
fact that it is much simpler to obtain a representative sample of the grain than of either the
total plant or of the ear plus husk and shank to assay for DM content.
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Figure 23. Snapped ear dry weight versus grain dry matter at harvest from Soderlund et
al. (2006).
Based on these yield curves, the grain DM where snapped ear dry weight reached its maximum
ranged from 62 to 67% among these 4 hybrids. At a lower DM content, grain dry matter
deposition was incomplete so earlier harvest decreased the yield of snaplage due to incomplete
grain deposition. The point of maximum grain yield appears to correspond with the "black
layering" of kernels, when the kernel dry weight reaches its maximum and no further nutrients
can enter the kernel. Above this point, dry weights of ears tended to decrease slightly, possibly
due to ear drop or kernel abortions.
How much does yield of grain decrease when corn harvest is delayed?
The degree of DM lost during grain dry‐down in the field has been debated among agronomists.
The DM lost beyond the black layer stage represents one cost of dry grain production that has
not been widely recognized or researched. Any DM loss during dry‐down provides corn
growers with a strong economic incentive to harvest and market their corn crop at a high
moisture content or to harvest the grain early and dry it mechanically rather than letting it dry
in the field. Although very few studies measuring grain loss prior to harvest as field‐dried grain
have been conducted, the advent of combine mounted yield monitors, despite their
imprecision, are now providing more information on this topic. Although some corn growers
insist that dry weight is being lost during dry‐down, changes in the moisture content of the
harvested grain may not be fully recognized or accounted for using currently available grain
yield monitors. Nevertheless, means generated from the limited available data (Figure 24) are
disturbing.
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Figure 24. Grain yields when harvest of HM corn grain or ear corn is delayed based on
seven individual trials.
Although amounts of loss varied among trials, an average of 0.7% DM was lost for each
decrease in moisture of 1%. Theoretically, mature kernels should not lose mass following
maturity because kernel respiration is very low or nil. Instead, ear drop and combine losses
presumably are responsible for these decreases in yield of dry matter. If real, this decrease
provides a strong incentive for grain growers to market their corn crop as HM corn grain, HM
ear corn, or snaplage rather than waiting for the crop to mature in the field.
What is the ideal moisture content for harvesting and storing high moisture ear corn or
snaplage?
Extensive research with HM corn grain indicates that when the grain is harvested below 65%
DM, grain deposition is incomplete so yield is being sacrificed. But if DM is above 74%,
fermentation seems inadequate to soften the grain for maximum starch digestibility. This
range is illustrated in Figure 25.
Considering that the ideal kernel moisture for snaplage should be similar to that for the kernels
in HM corn grain, one can compare the DM content of ears with that of the grain alone.
Moisture content of snaplage typically is 5% greater for the full ear than for the grain because
the cob retains moisture. On that basis, the ideal moisture content for HM ear corn should fall
about 5% above that for grain, or at values between 60 and 69% DM. This is the equivalent of
grain DM contents between 65 and 74%. Though the husk and shank also contribute to
moisture content of snaplage, their contribution to moisture content of snaplage will differ with
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Figure 25. Relationship of grain and snaplage DM and ideal harvest windows for HM
corn grain and HM ear corn.
dry‐down conditions. Therefore, measuring the moisture content of the grain alone should
prove more direct for selecting a harvest date when yield will not be sacrificed. If harvested at
a higher DM content, HM grain will ferment adequately if substantial amounts of water are
added to the crop when it is ensiled. Indeed, based on one trial where 5% water was added at
ensiling to HM corn containing 27% moisture, performance from this product with added water
equaled that of HM corn harvested at 32% moisture. This indicates that the water added to the
drier grain had a feeding value and net energy content for finishing steers that was equal to
that of the grain DM to which it was added. This illustrates that moisture content of ensiled
crops is extremely important! Stay hydrated!
Compared with HM corn grain, the additional moisture provided from the cob should enhance
fermentation of the grain and increase the digestibility of starch of the grain present in the
snaplage. This should allow snaplage to be harvested at a slightly drier grain moisture than HM
corn grain.
How much DM and energy are lost during fermentation and storage of ensiled crops?
With HM corn grain, the measured loss of DM from a commercial scale silo typically was less
than 2% when the product was well managed and exposure to oxygen was avoided. But with
corn silage, DM losses greater than 10% are commonly reported, particularly when the crop is
not well packed into storage and not sealed with plastic film. Because the value per ton is
considerably greater for snaplage and HM corn grain than for corn silage, energy losses from
these products have much greater economic impact than a similar percentage loss of DM of
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corn silage. Consequently, extra care is justified to reduce DM and energy loss during storage
by using an effective silage inoculant, thoroughly packing the chopped crop into storage to
exclude oxygen and avoid spoilage pockets, to cover the silage with plastic, preferably with an
oxygen‐barrier film that reduces air (oxygen) entry, and to feed the ensiled crop rapidly after
removal from storage in order to reduce the time of that the silage is re‐exposed to air
(oxygen).
Regardless of management, some energy and DM invariably are lost during the fermentation of
sugars, primarily glucose or sucrose, to fermentation acids and alcohols. Substrates other than
glucose are fermented and the energy balance from these other starting materials can differ
from those indicated below for glucose as calculated from McDonald (1981). No starch is lost
during a normal fermentation process. Once oxygen is depleted and the silage mass becomes
anaerobic, the amount of water formed during silage fermentation is minimal being limited to
only a couple of fermentation reactions. Quantitative losses of energy, wet matter, and dry
matter during the fermentation of glucose to various end‐products are noted in Figure 26.
Note that the loss of energy from glucose ranges from being slightly negative when propionate
is formed (due to input of reducing equivalents) up to 38% when glucose is fermented to
acetate. Organic matter loss, by comparison, ranges from 0 with lactate being formed to nearly
50% when the product is ethanol. This is because with ethanol formation, carbon dioxide is lost
even though energy is almost completely retained in the ethanol formed. Some of this ethanol,
being volatile, is lost before being consumed by cattle. Conservation of energy despite loss of
carbon dioxide illustrates how the loss of DM can differ greatly from the loss of energy. Any
fermented material, like rumen fluid, will contain volatile compounds; some products being
more volatile and odorous than others. Most fermentation products are volatile and are lost
when samples are heated to drive off the water to determine the dry matter content of a silage
sample (Weirbach and Strubelt , 2008); lactate is an exception being considerably less volatile
than other products. Nevertheless loss of dry matter during storage always exceeds the loss of
energy, particularly when ethanol, acetate, and propionate are formed, because these products
are quite volatile and largely removed from a silage sample together with water during the
determination of dry matter. Because fermentation products are useful as energy sources for
animals but are driven off during dry matter measurement, the apparent dry matter lost as a
result of the fermentation typically will be 3 to 4 times the amount of energy lost. This also
means that dry matter loss can prove misleading as an index of the energy lost during the
fermentation of plants to form silage. Likewise, gain per unit of feed DM automatically will be
greater from fermented than from unfermented products. To accurately appraise the energy
balance of silage production and use, beef production per acre of crop harvested should be
determined as was calculated in the trial by Johnson et al. (2016) as shown in Figure 27.
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Figure 26. Losses of energy, organic matter, and DM associated with fermentation
of corn silage, snaplage, and HM corn grain. Silage concentrations of acids and
ethanol are means from a survey by Seglar (2015).

Other methods have been tested to avoid loss of volatiles during DM determination. These
include freeze drying, freeze trapping of the volatile compounds, using toluene distillation
rather than heat to determine dry matter content, and adding a base to convert volatile acids
to salts to make them less volatile. These methods usually present additional problems
because they may not fully conserve or recover all of the alcohols and acids that are volatilized.
Bomb calorimetry of wet samples also can be used to determine gross energy losses during
fermentation.
Losses of DM and energy from corn silage, HM corn, and earlage were calculated based on the
losses of energy associated production of individual fermentation products and the mean
concentrations of these products normally found in these fermented feeds (Figure 26). The
fraction of energy lost from these products during fermentation of glucose appears to be
minimal, under 1%, even when loss of DM exceeded 3%.
These estimates of DM and energy loss include only those losses that occur during the
fermentation process, not any oxidation losses that occur before the mass initially becomes
anaerobic and pH drops, when silage surfaces are exposed to air during storage, and after silage
is removed from storage. Losses of volatiles will continue until the feed is consumed. Although
measured DM loss for corn silage may exceed 10% of the DM ensiled, the extent of loss will
vary depending on the amount of time that silage is exposed to air and silage management.
Lactate, though useful to decrease silage pH for preservation, is stable only in the absence of
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oxygen. When oxygen is present, lactate is degraded readily, serving as a source of energy for
the yeasts already present in silage. Lactate depletion in turn allows pH to rise which permits
other microbes to grow that will the residual sugars and fermentation products release carbon
dioxide, water, and heat. Indeed, an elevated silage temperature reflects microbial
degradation of both silage sugars and fermentation products. Degree of heating of silage
during storage or feeding can be used as an index of oxidation and loss of energy; thermal
imagery of the silage face can be used to determine surface temperatures that will provide a
snapshot of the site and extent of heat being generated. Unfortunately, quantifying total
energy loss from the temperature of the silo face or from a silage pile appears impractical due
to continual dissipation of heat from the exposed surfaces.
Addition of certain silage inoculants (those containing Lactobacillus buchneri) will increase the
concentrations of acetate and 2‐propanediol in silage; elevated levels of these compounds
inhibit yeast growth and heat production and thereby help to conserve energy in silage exposed
to air. Low temperatures also retard yeast growth. Consequently, treatment of a crop with L.
buchneri prior to ensiling is most beneficial and effective when silage is fed during summer or
when environmental temperature are higher. Other compounds including propionic acid and
propionate salts and strong acids also inhibit microbial degradation of stored feeds and silages
though stabilization of a silage mass with such products can prove costly. Quantitatively, the
losses of energy from oxidation and losses of volatile compounds during the feeding process
greatly exceed the energy lost during the fermentation process alone.

Figure 27. Performance of steers fed corn silage, snaplage, HM corn or dry corn diets.
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How can corn products be logically priced?
Many methods for calculating the value of a harvested crop have been devised and are
available. Most are based on the value of the crop as if it were harvested and marketed as dry
corn minus the cost for harvesting dry corn. For HM corn, one can simply adjust for the amount
of moisture present. HM corn can be readily sampled for rapid determination of moisture by
conductivity or NIR measurements that can be standardized against and verified by cross‐
checking with a Koster™ moisture tester, or by oven drying with a microwave or forced air
oven. Discounts also may be applied to match grain prices at local elevators or the local price
basis relative to the board with or without including a cost equivalent to that for drying the HM
corn.
Silages are more difficult to price than HM grain because representative sampling is difficult;
this makes estimates of grain content of silage unreliable. Basing grain content on starch
content, assuming that corn grain contains 72% starch, is a logical approach, but representative
sampling of any chopped crop containing forage is very difficult. Moisture present also
decreases precision of NIR estimation of starch. Skilled yield scouts, agronomists, and seed
company representatives can estimate grain yields of standing corn quite accurately prior to
harvest. Alternatively, some of the crop can be left intact to be harvested later as dry or HM
grain, but any grain lost during dry‐down will reward the crop user while penalizing the corn
grower. These difficulties in appropriately pricing of the crop probably have been a major
bottleneck that inhibits widespread adoption of snaplage or HM ear corn as an alternative to
HM corn grain as a feed resource. Beyond compensation for grain, further payments to corn
growers may be appropriate for removal of the additional organic matter and nutrients that are
removed when silage is harvested, particularly if soil organic matter content is low and surface
cover is desired to reduce soil erosion. With home‐grown feeds, pricing generally is of less
concern. Therefore, the practice of substituting snaplage or HM ear corn for HM or dry corn
grain has been more extensive among smaller operations and farms than at large feedlots.
Adoption also has been greatest for operations that own a limited amount of land available for
grain or silage production and in areas where silage must be transported a long distance. A
clear understanding between corn growers and crop users concerning the method or methods
to be used for crop pricing is essential to avoid conflicts and maintain long‐term relationships.
What cattle performance responses can one expect from corn plants harvested in different
forms?
High‐moisture ear corn or snaplage
Although fermented snapped ear corn and high‐moisture ear corn have been fed to dairy and
beef cattle for over 60 years, research studies designed to quantify energy values are relatively
recent. Moreover, research results reported from 1960 to 2000 may be obsolete because
hybrid varieties, grain yields, harvesting techniques, analytical procedures, and the analyses
measured have changed dramatically in the last two decades. Today most snapped and HM ear
corn is harvested with a forage chopper or a combine equipped with a snapper head although
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the amount of top stalk and cob or fiber fragments present in the crop will vary with harvest
equipment and speed.
Yet, the popularity and prevalence of snaplage and high‐moisture ear corn have increased both
in feedlot and in dairy diets associated with these altered harvest methods. With a self‐
propelled forage chopper equipped with a combine head, harvest can start earlier at greater
kernel moisture content than with a self‐propelled combine equipped with a corn combine
head. Expanding the time window between snaplage or high‐moisture ear corn harvest relative
to either soybean or dry corn grain harvest is an option widely welcomed by corn growers,
custom harvesters, and cattle feeders.
Few reports with modern hybrids have compared HM with dry corn grain for feedlot cattle.
Much of the recent research with high‐moisture ear corn for feedlot cattle has focused not on
energy value but instead on improving management to enhance preservation of plant material
during ensiling and feeding. In these studies, growing cattle fed high‐moisture ear corn (at
dietary inclusions of 25%, 75% or 80% of diet DM) have performed at the levels expected given
the total energy content of the diet and the dietary level of forage (Phillip et al., 1985; Phillip
and Fellner, 1992; Fellner et al., 2001). High‐moisture corn and high‐moisture ear corn were
compared for finishing feedlot cattle by Hill et al. (1995). At inclusions greater than 89% of diet
DM, yearling steers fed high‐moisture ear corn with no added roughage had performance
similar (P > 0.05) to those of steers fed high‐moisture corn grain with 8% corn silage added.
Based on its high realized NEg value (3.48 Mcal/kg DM), energy yield and beef yield per acre
both were greater for high‐moisture ear corn than for high‐moisture corn grain. Some 3,628 kg
DM were harvested as high‐moisture ear corn per acre versus 3,061 kg of high‐moisture corn,
an increase of over 18%. At an inclusion rate of 89%, weight gain of 244 kg/head required
1,156 kg diet DM of which 1,029 kg was high‐moisture ear corn. Yield from an acre of high‐
moisture ear corn supported 3.5 head for 854 kg of beef gain (for a current crop value of
$2,180/acre). Comparative values for high‐moisture corn grain were 3.2 head supported per
acre (232 kg/head) for 743 kg of gain (for a current value of $1,873/acre), a value 15% lower for
HM corn grain than for HM ear corn.
High‐moisture corn grain
Compared to cattle fed dry rolled grain, growing cattle fed 80% high‐moisture rolled corn had
numerically greater DMI, ADG and feed conversion (Forsyth et al., 1972). In another study,
feeding 80% rolled high‐moisture corn to cattle gave cattle performance values similar (P >
0.05) to those of cattle fed 80% dry rolled corn grain, but performance (P < 0.05) with dry rolled
corn grain was superior to that of cattle fed 80% whole (not rolled) high‐moisture corn (Stock
et al., 1991). These results parallel responses reported for dairy cattle where high‐moisture
corn has been substituted for dry rolled or ground corn grain. Performance benefits from
reducing the grain particle size of the grain being fed, probably due to an increased starch
digestibility, generally have been greater for drier than for wetter HM corn. In addition,
moisture content of HM corn grain appears critical. Efficiency (gain: feed) usually is much
better for HM corn grain between 70 and 74% DM than for corn grain that was either wetter or
dryer than these values. An extensive review of literature (Owens et al., 1997) revealed that
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feedlot cattle fed high‐moisture corn consumed less DM (P < 0.05) and had lower ADG (P <
0.05) than cattle fed dry rolled corn. This led to similar feed conversions for high‐moisture
grain and dry rolled corn grain. Since both intake and gain were reduced, estimates of ME
calculated from these meta‐analysis generated values of 3.21 and 3.43 Mcal ME/kg DM,
respectively (1.46 and 1.56 Mcal ME/lb. DM) for HM corn grain versus dry rolled grain. This
energy value for dry rolled corn for feedlot cattle is quite similar to that derived for lactating
dairy cattle (Wilkerson et al., 1997), but the advantage for high‐moisture corn over dry corn
was lower for feedlot cattle than for lactating dairy cows.
What research is available concerning the value of corn harvested at various endpoints for
finishing feedlot cattle?
Due to the complexity of harvesting, storing and feeding a single corn crop by different
methods while also measuring yield and feeding values, very few studies with feedlot cattle fed
snaplage or high‐moisture ear corn have been attempted and reported. Care must be exercised
in such studies to harvest each product at an optimum point so that the primary variables will
be crop maturity and moisture content of the harvested crop.
One recent trial from Minnesota (Johnson et al., 2016) compared corn silage with snaplage, HM
corn, and dry rolled corn. Yields of wet matter, DM, and NEg were calculated and provided in
Figure 14 whereas steer performance results are presented in the table 2 below.
Their conclusions were as follows:
General advantages for snaplage harvest and feeding relative to corn silage or to dry grain or
HM corn grain included:
1. Earlier harvest than with dry or even HM grain allows earlier reseeding of a second crop
or cultivation of corn ground.
2. Yields are 10 to 20% greater than with dry grain harvest.
3. Simplified, rapid, and economical harvest and processing is possible using choppers
equipped with snapper heads.
4. Total tract starch and energy availability were high relative to unfermented grains.
5. "Built‐in roughage" reduces the quantity of corn silage or other roughages purchased,
processed, and mixed into feedlot diets.
The general disadvantages of snaplage relative to dry or HM corn grain include:
1. Dry matter and energy losses during fermentation and feeding are greater than with dry
corn grain.
2. Spoilage losses can occur due to delayed harvest, low moisture content, and failure to
adequately inoculate, pack, and cover the harvested crop.
3. Additional harvest and handling equipment beyond a combine are required and storage
facilities are needed to ensile and store the crop.
4. An inventory of HM product must be maintained between crop harvests.
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5. Product seems inconsistent in composition relative to dry or processed corn grain due
either to more inherent variability of the product or greater difficulty in obtaining a
representative sample.
6. Insufficient ear processing or separation during packing can allow husks and shanks to
accumulate in local pockets that will result in mold and spoilage of a portion of the
harvested crop. Processing snaplage with a shredlage roll may reduce this problem.
7. Compensating corn growers for grain and other components harvested is more complex
when compared with HM or dry corn grain.
8. The crop must be used as feed for ruminants because snaplage or snaplage has no other
viable market.
Table 2. Performance of feedlot steers fed various crops.
Corn
High moisture
Crop
silage
Snaplage
corn
Fraction of diet DM, %
70
75
75
Live measurements, kg
Initial weight
534
545
529
b
b
Daily DM intake
11.71
11.60
10.15 a
ADG
1.31 a
1.34 ab
1.45 b
Feed:Gain
9.15 a
9.17 a
7.65 b
Final weight
677 a
681 ab
693 b

Dry rolled
corn
75
538
11.85 b
1.62 c
7.39 b
711 c

Carcass adjusted values, kg
ADG

1.27 a

1.31 ab

1.45 b

1.60 c

Feed:Gain

9.19 a

8.82 a

7.01 b

7.34 b

Final weight

675 a

678 ab

694 b

711 c

Carcass weight

420 a

429 c

437 a

452 b

0.86 e
98.7
479
2053

1.12 ef
104.5
496
1529

1.19 f
100.6
478
1530

1.24 f
103.9
510
1245

Backfat, cm
Ribeye area, cm2
Marbling score
Gain/ha harvested, kg

Ultimately, cattle feeders that do not have direct access to or cannot readily contract corn
production acres and those that feed cattle on a contract basis are likely to continue to rely on
dry processed corn as the main dietary ingredient in finishing diets because feed cost of gain
depends largely on feed conversion. Cattle feeders that have access to corn production acres or
can readily contract acres may choose to feed corn silage, snaplage or HM corn depending on
the goals of production in the starting yard or feedlot and the desire to make maximum use of
corn acres.
Results of this study were presented as an abstract at the 2016 Plains Nutrition Spring
Conference. Further details are available on request.

80

Additional Readings and Literature Sources
Anon. 2013. Managing high‐moisture corn: Part 1. Available at: www. pioneer.com/silage zone.
Burken, D. B., , B. L. Nuttelman, M. J. Jolly‐Briethaupt, J. L. Gramkow, S. E. Gardine, T. J.
Klopfenstein, J. C. MacDonald, and G. E. Erickson. 2017. Digestibility and performance of
steers fed varying inclusions of corn silage and modified distillers’ grains with solubles to
partially replace corn in finishing diets. Transl. Anim. Sci. 2017,1:doi:10.2527/tas2017.0046.
DiCostanzo, A., C. M. Zehnder, H. Chester‐Jones, D. Ziegler, R. Greenwald. 1997. Effect of
dietary corn silage proportion on yearling steer performance and economic returns. 1997
Minnesota Cattle Feeder Rep. B‐442. p. 14–20.
DiCostanzo, A., C. M. Zehnder, J. M. Cassady, H. Chester‐Jones, D. Ziegler, R. Greenwald. 1998.
Effects of corn silage hybrid or dietary proportion on yearling steer performance. 1998
Minnesota Cattle Feeder Rep. B‐451. p. 1–5.
Fellner, V., L. E. Phillip, S. Sebastian, and E. S. Idziak. 2001. Effects of a bacterial inoculant and
propionic acid on preservation of high‐moisture ear corn, and on rumen fermentation,
digestion and growth performance of beef cattle. Can. J. Anim. Sci. 81: 273–280.
Gill, D. R., J. R. Martin, and R. P. Lake. 1976. High, medium, and low corn silage diets with and
without monensin for feedlot steers. J. Anim. Sci. 43:363‐369.
Goodrich, R. D. and J. C. Meiske. 1976. Influence of maturity and moisture content on the
fermentation of high moisture corn. pp. 51‐60. Proceedings, High Moisture Corn Conf.
Available at: http://beefextension.com/pages/proceedings76.html
Hill, W. J., D. S. Secrist, F. N. Owens, M. T. Van Koevering, C. A. Strasia, and D. R. Gill. 1995. High
moisture ear corn with no added roughage for feedlot cattle. Oklahoma State Univ., Misc.
Publ., Available at:http://www.ansi.okstate.edu/research/reports/1995/1995‐1‐hills
Johnson, T., A. Hohertz, and A. DiCostanzo. 2016. Gross return to corn acres through cattle
feeding as influenced by choice of harvest endpoint. J. Anim. Sci. 94 (Supp. 2):47.
Krehbiel, C. R., J. J. Cranston, and M. P. McCurdy. 2006. An upper limit for caloric density of
finishing diets. J. Anim. Sci.(Supp. E):E14‐E19.
Lardy, G, and V. Anderson. 2010. Harvesting, storing, and feeding corn as snaplage. AS‐1490.
North Dakota State Univ. Extension. Available at:
http://library.nd.gov/statedocs/NDSUExtensionService/as149020101027.pdf
Lauer, J. 2016. Timing corn silage harvest. UW Integrated Pest and Crop Management, available
at ipcm.wisc.edu.
Mader, T. and S. Rust. 2006. High moisture grains: Harvesting, processing, and storage. Cattle
Grain Processing Symposium. pp. 88‐92. Available at:
http://beefextension.com/files/Proceedings%20final.pdf
Mahanna, B. 2017. Pioneer Silage Zone Manual,2nd Ed.,v. 10, January 2017.
Mahanna, B. 2008. Renewed interest in snaplage displayed. Feedstuffs. December 8, 2008. pp.
12‐13.
National Research Council. 2016. Nutrient Requirements of Beef Cattle. National Academies
Press, Washington, DC.
Owens, F.N, D. S. Secrist, W. J. Hill and D. R. Gill. 1997. The effect of grain source and grain
processing on performance of feedlot cattle: a review. J. Anim. Sci. 75:868‐879.

81

Phillip, L.E., H.J. Garino, I. Alli, and B.E. Baker. 1985. Effects of anhydrous ammonia on amino
acid preservation and feeding value of high‐moisture ear corn for growing steers. Can. J.
Anim. Sci. 65:411‐417.
Phillip, L.E. and V. Fellner. 1992. Effects of bacterial inoculation of high‐moisture ear corn on
its aerobic stability, digestion and utilization for growth by beef steers. J. Anim. Sci.
70:3178‐3187.
Saunders, C.S., S.Y. Yang, J.‐S. Eun, D.M. Feuz, and D.R. ZoBell. 2012. Feeding a brown midrib
corn silage‐based diet to growing beef steers improves growth performance and economic
returns. Can. J. Anim. Sci. 95:625‐631.
Soderlund, S. D., Uhrig, B. Curran and L. Nuzback. 2006. Influence of maturity on the yield and
nutritional quality of four Pioneer corn hybrids harvested as high moisture ear corn.
Nutritional Insights, DuPont Pioneer, Johnston (IA).
Szasz, J. L., C. W. Hunt, P. A. Szasz, R. A. Weber, F. N. Owens, W. Kezar, and O. A. Turgeon.
2007. Influence of endosperm vitreousness and kernel moisture at harvest on site and
extent of digestion of high‐moisture corn by feedlot steers. J. Anim. Sci. 85:2214‐2221.
Tjardes, K. E., D. D. Buskirk, M. S. Allen, N. K. Ames, L. D. Bourquin, and S. R. Rust. 2000. Brown
midrib‐3 corn silage improves digestion but not performance of growing beef steers. J. Anim.
Sci. 78:2957–2965.
Weirbach, F. and C. Strubelt. 2008. Correcting the dry matter content of maize silages as a
substrate for biogas production. Landtechnik 63: 82‐83.
Wu, Z and G. Roth. 2017. Considerations in managing cutting height of corn silage. Penn State
Extension. At: https://extension.psu.edu/considerations‐in‐managing‐cutting‐height‐of‐corn‐
silage.

82

83

84

Mycotoxins and Beef Production
Steve Ensley, DVM, PhD
Kansas State University
College of Veterinary Medicine
Manhattan
I would like to discuss how to interpret a mycotoxin analysis report and how to determine risk
once you receive your report. Fumonisin contamination of grain has been a concern for the
southwest US during the fall 2017 harvest.
Mycotoxins are a constant concern for all types of feedstuffs fed to animals. Mycotoxins are
produced from fungi that grow on the feedstuffs. The presence of fungi do not mean a
mycotoxin will be produced. Stressing the fungi can lead to mycotoxin production but the exact
mechanism of action is unknown.
Most mycotoxin contaminations in commonly used feedstuffs are from multiple mycotoxins, it
is rare to impossible to have a single mycotoxin contamination issue in feed. Even if we detect
and report only one mycotoxin you can assume there are many others. There are analytical
methods that will characterize over 700 mycotoxin compounds in feed. There are only a very
few mycotoxins, less than 40 that we can analyze for and characterize. The mycotoxins we
report are only the tip of ice berg and we are rapidly developing more understanding on these
newly identified mycotoxins.
We measure for the presence of mycotoxins in feed but this collected sample is not always the
best sample. We have very few methods for measuring mycotoxins in tissue or fluids from
animals considering there are 700 or more mycotoxins. There many different reasons that we
don’t have good analytical methods for mycotoxin detection in animals. Historically mycotoxin
analysis has been done solely on feed. There are pharmacokinetic problems with analyzing
parent compounds or metabolites in tissue or fluids. Most mycotoxins are not uniformly
distributed in the feeds so careful sampling is critical. The analytical part of mycotoxin analysis
is very easy compared to collection of the appropriate sample.
How do we assess risk with mycotoxins in feedstuffs? One company that does mycotoxin
analysis uses the term Risk equivaIent quantity. This is the sum of the mycotoxin risk based on
their individual concentration in a sample and respective risk factor. This risk is calculated using
proprietary information. I have tried to get more information about how this Risk equivaIent
quantity is calculated but have not been successful. If the same company that is doing analysis
for mycotoxins sells binders for mycotoxins there is potential for a conflict of interest. Conflict
of interest and feed analysis go hand in hand.
FDA publishes information about certain mycotoxins and the concentration that they consider
allowable. The aflatoxin action limits for feedstuffs are legally binding (CPG Sec. 683.100 Action
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Levels for Aflatoxins in Animal Feeds ‐ FDA). Compliance policy guideline. Issued 11/21/79,
reissued 10/01/80, revised 8/15/82, 5/18/89 and 8/28/94.
In an accompanying statement FDA also says “Action levels are not binding on the courts, the
regulated industry, or the agency (see: 55 FR (federal register) 20782, May 21, 1990). There
may be situations where circumstances warrant enforcement action at levels below an action
level or where enforcement action is not warranted even though an action level is exceeded”.
I see many newsletters and updates in the general press about mycotoxins that indicate the
degree of mycotoxin contamination in feed, such as 19/20 samples tested were positive for a
mycotoxin. In reality there is most likely a mycotoxin contamination in all feeds that we use. It
is the concentration of the mycotoxin and the mycotoxin that is the issue.
Molds and yeast can be present in feeds also. The presence of molds and yeast don’t always
correlate with mycotoxin presence. Determination of mold and yeast concentration in feed will
give you more an idea of how appropriately the feed was stored rather than mycotoxin
contamination issues.
The common mycotoxins that we can analyze for and characterize include:
1. Aflatoxin‐ AF B1, B2, G1 and G2.
2. Fumonisins‐ B1, B2 and B3.
3. Type B trichothecenes‐ DON (deoxynivalenol), 15 acetyl DON, 3 acetyl Don, Fusarenon,
Nivalenol and DON 3 glucoside.
4. Type A trichothecenes‐ T‐2, HT‐2, Diacetoxyscirpenol, Neosolaniol
5. Zearalenol, zearalenone
6. Penicillium‐ patulin, penicillic acid, roquefortine, mycopenolic acid, wortmannin
7. Aspergillus‐gliotoxin, sterigmatocystin, verruculogen
8. Ochratoxin
9. Citrinin
10. Ergot alkaloids
Measurement of mycotoxins can be performed by several different methods. The gold standard
of measuring mycotoxins is by wet chemistry. What is meant by wet chemistry is that classical
methods of analysis like HPLC or LC/MS/MS are done using a liquid phase. Mycotoxins can also
be measured in feed by colorimetric methods using ELISA and a spectrophotometer or lateral
flow tests. To do a lateral flow test you would apply the sample to the left portion of stick with
absorbent pad and the liquid would be pulled to the right side of the stick going through several
sections of the stick with different chemicals. A color change would be observed on the stick to
determine the measurement. The Food Grain Inspection Service (FGIS) through the Grain
Inspection, Packers and Stockyards Administration (GIPSA) verifies ELISA kits that can be used
for mycotoxin testing. These kits have a test type, test kit range and detection method. FGIS has
a Mycotoxin Test Kit Evaluation (MTKE) program through which GIPSA evaluates and certifies
the conformation of quantitative rapid mycotoxin test methods to specific criteria. Only rapid
test kits having GIPSA certification are approved for official mycotoxin testing. Updated test kit
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design criteria and performance specifications for quantitative aflatoxin test kits are covered in
the regulations. These requirements are effective January 1, 2016. Test kit manufacturers may
submit a test kit for evaluation by GIPSA staff. Submission packets are reviewed by GIPSA staff
in order of receipt. The submission packet must include all documentation needed to
demonstrate that the test kit meets the established GIPSA design criteria and performance
specifications. Incomplete submissions, submissions not conforming to GIPSA requirements,
and submissions containing excessive errors will be rejected. If the submission is accepted,
arrangements for analyst training and GIPSA performance verification will be made with the
applicant. The GIPSA analysts that conduct performance verification testing will be trained in
the operation of the test kit by the applicant. If the test kit meets all design and performance
requirements, GIPSA issues a Certificate of Conformance (COC) stating that the test kit has met
the criteria. Upon Issuance of the official test kit instructions, the test kit may be used for
official Inspection. Commodities that can be analyzed vary from corn, amaranth, corn gluten,
Super cereal plus, rice, millet, soybeans and wheat. Bottom line is these ELISA kits can be
helpful in mycotoxin analysis but there are limitations on what you measure and in what
matrix. ELISA kits should be used for qualitative not quantitative analysis.
Fumonisins
Fumonisins are a group of heat‐stable, water‐soluble mycotoxins generally produced in white
and yellow corn in the field by F verticillioides (formerly called F moniliforme) and Fusarium
proliferatum. A period of drought during the growing season followed by wet, cooler
conditions during pollination of corn favors development of fumonisins. Toxicity is associated
with fumonisins B1and B2, with fumonisin B2 usually occurring at about 30% of fumonisin B1.
These toxins can be concentrated in corn screenings or DDGS; horses are the most sensitive
species. Fumonisins are chemically characterized as an aliphatic hydrocarbon with a terminal
amine group and tricarboxylic acid side chains, and are structurally similar to sphingolipids in
cellular membranes. Fumonisins inhibit enzymes involved with the conversion of sphinganine to
sphingosine, which can interfere with cellular growth, differentiation, and cell communication
resulting in toxicity and carcinogenicity. Ruminants are fairly resistant to fumonisins; feed
containing 148 mg/kg (ppm) fumonisin was less palatable to feeder calves (w 230 kg) that
developed increased liver enzymes and mild liver lesions. A total of 18 crossbred feeder calves
were fed diets containing fumonisins at 15, 31, or 148 micrograms/g (ppm) for 31 days. Feed
consumption, weight gain, complete blood count, serum clinical chemistries, and an immune
function profile were done on d ‐3, 4, 10, 17 and 31 relative to the start of fumonisin feeding.
There was no treatment‐related effect on feed intake or weight gain, but feed containing 148
micrograms/g (ppm) of fumonisins seemed to be less palatable than other feeds. In a chronic
study of feeder steers (86–127 kg) fed F moniliforme culture material with 417 ppm fumonisins
B1 and B 2 in the final corn mixture, a few days of feed refusal were observed in the calves. The
average fumonisin B1 B2, and B3 levels in the final corn mixture fed to cattle was 328 FB1, 89
ppm FB2, and 23 ppm FB3. This was a total of 440 ppm of fumonisin. Cattle were fed for 239–
253 days, euthanized with pentobarbital, and necropsied. Serum AST activity was significantly
different between fumonisin‐fed cattle and the control cattle. Liver sphinganine/sphingosine
ratios in the calves fed fumonisin were greater than 1; normal ratios are considered to be less
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than 0.5. Renal and hepatic damage were reported in lambs fed high concentrations of
fumonisins (470 ppm). Dairy cows seem to be more susceptible to fumonisins and FDA
guidelines recommend lower fumonisin concentration in their rations compared with
ruminants fed for slaughter. Dairy cows provided a naturally contaminated ration with 100
mg/kg (ppm) fumonisin for 7 days before parturition and 70 days after parturition developed
reduced feed intake and milk production.
Guidance for Industry: Fumonisin Levels in Human Foods and Animal Feeds from FDA
The purpose of this guidance is to identify recommended maximum fumonisin levels that FDA
considers adequate to protect human and animal health and that are achievable in human
foods and animal feeds with the use of good agricultural and good manufacturing practices.
FDA considers this guidance to be a prudent public health measure during the development of
a better understanding of the human health risk associated with fumonisins and the
development of a long‐term risk management policy and program by the agency for the control
of fumonisins in human foods and animal feeds.
Background
Fumonisins are environmental toxins produced by the molds Fusarium moniliforme (F.
verticillioides), F. proliferatum, and other Fusarium species that grow on agricultural
commodities in the field or during storage. These mycotoxins have been found as contaminants
worldwide, mainly in corn. More than ten types of fumonisins have been isolated and
characterized. Of these, fumonisin B1 (FB1), fumonisin B2 (FB2), and fumonisin B3 (FB3) are the
major fumonisins produced in nature. The most prevalent of these mycotoxins in contaminated
corn is FB1, which is believed to be the most toxic.
Occurrence in Raw Corn
The extent of contamination of raw corn with fumonisins varies with geographic location,
agronomic and storage practices, and the vulnerability of the plants to fungal invasion during all
phases of growth, storage, and processing. The levels of fumonisins in raw corn are also
influenced by environmental factors such as temperature, humidity, and rainfall during pre‐
harvest and harvest periods. High levels of fumonisins are associated with hot and dry weather,
followed by periods of high humidity. High levels of fumonisins may also occur in raw corn that
has been damaged by insects. Further, fumonisin levels in raw corn can increase under
improper storage conditions. For example, optimal growth of fumonisin‐producing molds that
lead to increased levels of fumonisins in raw corn can occur when the moisture content of
harvested raw corn during storage is 18‐23 percent.
Occurrence in Processed Corn Products
The levels of fumonisins in processed corn products for human consumption vary depending on
the milling and manufacturing processes that raw corn undergoes. Discussion of the various
milling and manufacturing processes of raw corn and their effects on fumonisin levels in various
processed corn products can be found in CFSAN's "Background Paper in Support of Fumonisin
Levels in Corn and Corn Products Intended for Human Consumption."
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Animal and Human Health Effects
Fumonisins are associated with a variety of adverse health effects in livestock and experimental
animals. Currently, there is no direct evidence that fumonisins cause adverse health effects in
humans because available studies demonstrate only inconclusive associations between
fumonisins and human cancer. The available toxicological information on the adverse health
effects of fumonisins in animals can be found in CFSAN's "Background Paper in Support of
Fumonisin Levels in Corn and Corn Products Intended for Human Consumption" and in CVM's
"Background Paper in Support of Fumonisin Levels in Animal Feed." The available
epidemiological information on the association between fumonisins and human disease can be
found in CFSAN's "Background Paper in Support of Fumonisin Levels in Corn and Corn Products
Intended for Human Consumption."
FDA Strategy
As part of a long‐term strategy for the control of fumonisins in the U.S. food and feed supply,
FDA will participate in national and international scientific workshops to gather information
that may be used in further assessment of the potential risk to animals and humans from
exposure to fumonisins. For example, a Fumonisin Risk Assessment Workshop, sponsored by
FDA, the Joint Institute for Food Safety and Applied Nutrition, the World Health Organization,
and the United States Department of Agriculture, was held January 10‐12, 2000 at College Park,
MD to discuss the elements of risk assessment for fumonisins. FDA intends to use information
from this and other sources as the scientific basis for developing a long‐term risk management
policy and program for the control of fumonisins in the U.S. food and feed supply.
Guidance Levels
Based on the wealth of available information on the adverse animal health effects associated
with fumonisins, human health risks associated with exposure to fumonisins are possible.
Therefore, human exposure to such natural toxins should not exceed levels achievable with the
use of good agricultural and good manufacturing practices.
The recommended maximum levels for fumonisins in human foods and in animal feeds that
FDA considers achievable with the use of good agricultural and good manufacturing practices
are presented below. FDA believes that controlling fumonisins to these recommended levels
can reduce exposure to fumonisins that may be found in corn products intended for human and
animal consumption.

89

FDA guidance information for fumonisins in human foods and animal feeds
Human Foods
Product
Degermed dry milled corn products (e.g., flaking grits, corn grits, corn
meal, corn flour with fat content of < 2.25%, dry weight basis)
Whole or partially degermed dry milled corn products (e.g., flaking
grits, corn grits, corn meal, corn flour with fat content of > 2.25 %, dry
weight basis)
Dry milled corn bran
Cleaned corn intended for masa production
Cleaned corn intended for popcorn
Animal Feeds
Corn and corn by‐products intended for:
Equids and rabbits

Total Fumonisins
(FB1+FB2+FB3)
2 parts per million
(ppm)
4 ppm

4 ppm
4 ppm
3 ppm

Total Fumonisins (FB1+FB2+FB3)
5 ppm
(no more than 20% of diet)**
Swine and catfish
20 ppm
(no more than 50% of diet)**
Breeding ruminants, breeding poultry and breeding mink*
30 ppm
(no more than 50% of diet)**
Ruminants > 3 months old being raised for slaughter and
60 ppm
mink being raised for pelt production
(no more than 50% of diet)**
Poultry being raised for slaughter
100 ppm
(no more than 50% of diet)**
All other species or classes of livestock and pet animals
10 ppm
(no more than 50% of diet)**
*Includes lactating dairy cattle and hens laying eggs for human consumption
**Dry weight basis
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RESEARCH UPDATES

West Texas A&M University Research Update
J. T. Richeson, D. J. Tomczak, K. L. Samuelson, S. L. Roberts, and T. E. Lawrence
Department of Agricultural Sciences, West Texas A&M University, Canyon, 79016
Introduction
The mission of the West Texas A&M University (WTAMU) Research Feedlot is:
“To be the center of excellence for beef cattle feedlot research and education in the heart of
cattle feeding country by producing sound, unbiased research outcomes for the fed beef
industry and providing students real‐world experience and education in the feeding, care, and
management of cattle.”
Recent research efforts have focused on improving health, nutrition, and immunity of high‐risk,
newly received beef cattle and evaluating different castration regimens. Additional research on
effects of growth technologies, health status on rumen and respiratory microbiome,
physiological stress on nutrient digestibility and passage rate, and immunostimulant
administration in feedlot cattle is ongoing. Various technologies are being evaluated at our
facility with the objectives of better targeting antimicrobial metaphylaxis and detecting bovine
respiratory disease (BRD) earlier with improved sensitivity and specificity. Selected research
findings and published studies conducted at WTAMU will be presented.
Castration Research
Our objective was to determine the effect of castration timing, method and use of the analgesic
meloxicam (MEL) on inflammation, behavior, performance, and carcass traits in feedlot cattle.
This study was a randomized complete block design conducted over a 3‐year period. A total of
194 crossbred beef calves from a single ranch origin were randomized at birth to receive 1 of 5
treatments arranged as a 2 × 2 + 1 factorial: 1) bulls castrated within 48‐hours of birth (CON), 2)
bulls surgically castrated on day 0 without MEL (SUR), 3) bulls surgically castrated on day 0 with
MEL (SUR+MEL), 4) bulls band castrated on day 0 without MEL (BAN) and 5) bulls band
castrated on day 0 with MEL (BAN+MEL). Upon feedlot arrival (day ‐11; average 287 ± 2.03 days
of age), animals were blocked by initial BW (224 ± 4.5 kg) and assigned randomly to treatment
pens in 3 consecutive years (n = 2 pens/treatment in each year). Oral MEL was administered at
1 mg/kg BW concurrent with applicable castration treatment on day 0. Data was analyzed using
the MIXED and GLIMMIX procedures of SAS with pen(year) serving as experimental unit. From
day 0 to 7, ADG was reduced (P = 0.01) for surgical (‐0.42) compared to band (0.43 kg/day)
castration. Conversely, ADG was increased for surgical (1.74) vs. band (1.46 kg/day) castration
from day 14 to 32. There was also an overall (day 0 to final) improvement in ADG for MEL (P =
0.02), but no effect of castration method was observed (P = 0.81). The CON group had the
greatest (P = 0.05) marbling score. Backfat thickness was increased (P = 0.01) for MEL. A
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treatment × day interaction (P = 0.04) existed for serum haptoglobin, with SUR having the
greatest (P < 0.01) concentration on day 1 and 4. Meloxicam administered in the surgically
castrated treatment reduced (P = 0.01) serum haptoglobin concentration on day 1. Relative to
baseline, standing duration for surgical castration was increased 113 minutes (P < 0.01), while
banding caused 6.7 more lying bouts (P < 0.01) immediately following castration on day 0. Step
count was greatest for BAN, intermediate for CON, and least for surgical (P < 0.01). Results
suggest that MEL mitigated the more pronounced inflammation observed for surgical
castration; whereas, behavior was differentially altered for castration method indicative of a
divergent pain response. Castration, regardless of method, transiently reduced ADG, but MEL
administration improved overall ADG for both methods. (Roberts et al., 2018).
Respiratory Microbiome Research
A pilot study was conducted at WTAMU Research Feedlot using a single truckload pen of high
risk calves (n=114) to determine potential differences in microbiome between 3 distinct sample
locations: nasal swabs, deep pharyngeal swabs, and broncoalveolar lavage. The biogeography
of the bovine respiratory microbiome in non‐treated controls and cattle clinically diagnosed
with BRD will be shown using Random Forest analysis. Additionally, a second dataset suggested
relative abundance of nasal microbiome signatures in cattle diagnosed with BRD at 2 different
research sites had agreement for specific bacteria prevalence. These approaches may have
diagnostic or therapeutic value concerning BRD in newly received stocker or feedlot cattle.
Hydration Therapy Research
The study objectives were to evaluate the impact of oral hydration therapy during initial
processing on calf health and performance and determine the effect of hydration therapy and
bovine respiratory disease (BRD) on rumination behavior and rumen pH and temperature.
Three truckload blocks of high risk, auction‐sourced bull (n=242) and steer (n=55) calves (initial
BW=416 ± 42 lb) were used during a 56‐day receiving period. Prior to shipment (day ‐1), a
subset (n=20/block) were fitted with a 3‐axis accelerometer collar to quantify rumination time
and activity index, and administered a data logging bolus to record rumen pH and temperature.
At arrival (day 0), calves were randomized to receive 0.57 L water/100 lb BW from a modified
oral drenching apparatus (H2O) or no water administration (CON) and sorted into treatment
pens (n=15/treatment; 10 animals/pen). Standard arrival processing procedures were
implemented and bulls were surgically castrated and administered meloxicam on day 0;
whereas, modified‐live virus respiratory vaccination was delayed until day 28. Treatment‐
blinded technicians evaluated calves daily and assigned a clinical illness score (CIS) for BRD;
those with CIS ≥ 2 and rectal temperature ≥ 104°F were considered a BRD case and treated with
an antimicrobial. Interim BW was recorded and residual feed was collected every 14 days.
Repeated measures data evaluated were analyzed for fixed effects of H2O vs. CON and BRD
cases (n=12) vs. non‐treated cohorts (n=21; RCON). Final BW (565.6 vs. 547.7 lb) and overall
ADG (2.63 vs. 2.36 lb/day) tended (P=0.08) to increase and DMI for day 42 to 56 (16.61 vs.
15.08 lb/day) was greater (P<0.01) for H2O vs. CON. However, BRD‐associated mortality was
greater (P=0.05) in H2O (8.1%) vs. CON (2.7%). Daily rumen temperature was altered (P=0.04)
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such that peak rumen temperature occurred earlier for H2O; whereas, CON had increased
rumen temperature following delayed vaccination on day 28. Calves diagnosed with BRD had
decreased (P<0.01) rumination time between 2000 and 0400 hours, greater (P<0.01) rumen
temperature until delayed vaccination on day 28, greater (P<0.01) hourly rumen temperature
between 0900 and 0300, transiently decreased (P=0.04) activity index between day 9 and 32,
decreased (P<0.01) activity index between 0800 and 2000, and altered (P<0.01) rumen pH.
Increased performance and DMI was observed for H2O; however, health outcomes were not
improved. Earlier peak rumen temperature observed in H2O may indicate physiological
modification enabling a more pronounced inflammatory response, which is supported by the
numerical increase in BRD morbidity observed for H2O. Differences in rumination behavior and
activity index between BRD and RCON are potential tools for early detection of BRD. (Tomczak
et al., 2018).
Technology to Quantify Beef Cattle Behavior
For decades, we have relied upon visual observation of animal behavior to define clinical
disease, assist in breeding selection, and predict growth performance. Limitations of visual
monitoring of cattle behavior include training of personnel, subjectivity, and brevity. In
addition, extensive time and labor is required to visually monitor behavior in large numbers of
animals, and the prey instinct of cattle to disguise abnormal behaviors in the presence of a
human evaluator is problematic. More recently, cattle behavior has been quantified objectively
and continuously using advanced technologies to assess animal welfare, indicate lameness or
disease, and detect estrus in both production and research settings. The current review will
summarize 3 methodologies for quantification of cattle behavior with focus on U.S. beef
production systems; 1) 3‐axis accelerometers that quantify physical behavior, 2) systems that
document feeding and watering behavior via radio frequency, and 3) triangulation or global
positioning systems to determine location and movement of cattle within a pen or pasture.
Furthermore, advances in Wi‐Fi and radio frequency technology have allowed many of these
systems to operate remotely and in real‐time and efforts are underway to develop commercial
applications that may allow early detection of respiratory or other cattle diseases in the
production environment. Current challenges with commercial application of technology for
early disease detection include establishment of an appropriate algorithm to ensure maximum
sensitivity and specificity, reliable and repeatable data collection in harsh environments,
cost:benefit, and integration with traditional methodology for clinical diagnosis. Advanced
technologies have also allowed cattle researchers to determine temporal variance in behavior
or variability between experimental treatments. However, these datasets are typically very
large and challenges exist regarding statistical analysis and reporting. (Richeson et al., 2018).
The research update will highlight specific approaches we are evaluating to assess BRD risk and
diagnosis in newly received feedlot cattle.
Current Research


Effect of acute or chronic physiological stress on nutrient digestion and passage rate, blood
chemistry, and rumen fermentation parameters.
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The impact of an immunostimulant on bovine herpesvirus‐1 recrudescence.
Antimicrobial resistant Salmonella spp. in feedlot cattle.
Impact of growth implant regimen in beef and Jersey steers.
Microbiome alterations attributable to monensin or ractopamine supplementation.
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Growing phase G:F is predictive of
finishing phase G:F

Iowa State University
Feedlot Research Update

Finishing phase gain:feed
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Stephanie L. Hansen
Associate Professor, Feedlot Nutrition
Department of Animal Science
Iowa State University, Ames, IA
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Marbling score decreases as growing
phase G:F increases

Research Update
• Feed efficiency
• Overcoming high S diets
• Strategic supplementation of trace minerals to support
growth and their interactions with technologies
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Contributors to variation

Effects of diet digestibility on feed
efficiency and impact of diet type and
feeding phase on repeatability of
feed efficiency

• Many physiological mechanisms contribute to FE
variation between individuals (Richardson and Herd, 2004)
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Why does TM status matter?
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Incoming TM status?

Russell et al. 2016. J. Anim. Sci..
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Comparison of trace mineral
repletion strategies in feedlot
steers to overcome diets
containing high concentrations
of sulfur and molybdenum

Overall conclusions and implications
• FE is repeatable from the growing to finishing phase
• Variation between FE classifications
• Limited growth and carcass differences
• Decreased marbling as FE improved

• Diet digestibility influences on FE‐especially roughage
• Identify cattle that excel under certain conditions

S. J. Hartman, O. Genther‐Schroeder,
and S. L. Hansen

•Diet, production environment

• Improve economic and environmental sustainability

J. Anim. Sci. 2018. doi:10.1093/jas/sky088

What’s
trace mineral
status
of that
What’s
thethemineral
status
of that
calf?
animal?

Overcoming high S diets
• Distillers grains (DG) and solubles are often high in S
– Common in Midwest to winter the cowherd on DG based
diets along with low quality forage
• Impacts on TM status of calves? TM status of cows at breeding?

– Common to background calves on low quality forage and DG
supplement
• Impacts on TM status at feedlot arrival? Vaccine response and health
status?

• High sulfate water sources
• How do we quickly rectify the poor TM status of these
cattle?
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Effect of repletion TM strategy on Se

Mo and S as Cu antagonists

TM repletion x day effect
P = 0.001
Within a day superscripts that differ are
different (P < 0.05)

3
a

Liver Se, mg/kg DM

2.5

a,a

2
1.5

b,b
b

150% NRC‐ING

1

100% NRC‐Multimin
150% NRC‐ Blend

0.5
0
0

14
28
Days of repletion

Adapted from Suttle, 1991

Effect of DEP diets and REP strategy on feedlot
cattle performance during the repletion period

Effect of DEP diet on Cu
DEP diet x day effect
P = 0.001
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Implications
Implications

Effect of repletion TM strategy on Cu
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TM repletion x day effect
P = 0.001
Within a day superscripts that
differ are different (P < 0.07)

• Multimin90 rapidly boosts TM status, increasing body
stores more quickly than oral supplementation
• Diet including organic TM increases TM status more
quickly than inorganic alone
• Environmental implications?
• Multimin is not a replacement for dietary TM
supplementation, but rather should be used as a
supplement to rapidly improve status as part of a
balanced overall TM program
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Growth rates of cattle have increased

β‐adrenergic receptor cascade

• Genetics
• Technology use
• Steroid implants
• Beta agonists
• Market drivers

Agonist

β1AR

ATP

cAMP

PKA
PDE

Downstream effects:
Lipolysis
Protein synthesis

Zn

Figure adapted from Rosenbaum et al., 2009, and Fukada et al., 2011

Zn linearly increases cAMP

HCW has increased every year
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Zn linearly increases RH‐induced
growth

Trace Mineral Requirements

180Zn+RH

150Zn+RH

180 Zn+NoRH

120Zn+RH

90Zn

150Zn+NoRH

Final BW, kg

620
615
610
605
600
595
590
585
580
575
570
120Zn+NoRH

Weight, kg

• NAESM (2016) recommendations for TM are the
concentrations which prevent signs of deficiency and
support adequate growth
• Samuelson et al. (2016) indicate industry supplements
2‐3x NRC recommendations
• What are the concentrations to optimize cattle growth
and performance?
• Can we improve profitability through strategic
supplementation of TM?

• Supp. 3-6x NRC
recommendations
• No response to
increasing
supplemental Zn
alone
• Possible interaction
between Zn and
RH

Linear effect of Zn within RH: P = 0.02
Effect of RH: P = 0.001

Genther-Schroeder et al., J. Anim. Sci. 94-3389-3398
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Supranutritional Zn does not affect Zn
absorption but increases retention

Zn linearly increases RH‐induced growth
• CON-85 mg Zn/kg DM

Hot carcass weight, kg

420

(includes 60 supplemental
from ZnSO4)

415

• Supranutritional Zn150 mg Zn/kg DM (60

410

supplemental each from
ZnSO4 and Availa-Zn)

405

• RH-300 mg/hd/d last
28

400
395
390
CON + RH

P < 0.01

P = 0.88

SupZn + RH

NON (36.9%) vs RAC (32.6%)
P = 0.25

NON (337 mg/d) vs RAC (306 mg/d)
P = 0.43

Department of Animal Science
Genther-Schroeder et al., 2016 J. Anim. Sci. 94-4338-4345

Conclusions

Effect of Zn and ractopamine
hydrochloride supplementation
on Zn and N metabolism

• Synergistic effect of ZnAA on RH‐induced
cattle growth
– Improved performance
– Increased HCW

• Supranutritional Zn increases N retention in
late stage finishing cattle
• RH increases N retention, but does not impact
Zn apparent absorption or retention

R. Carmichael, O. N. Genther‐Schroeder, S. L. Hansen
Department of Animal Science
Iowa State University

Grant no. 2016-67015-24632

Zn and RH increase N retention
Effect of varying trace mineral
supplementation of steers with or
without hormone implants on growth
and carcass characteristics
E.K. Niedermayer*, O.N. Genther‐Schroeder,
D.D. Loy, and S. L. Hansen
P = 0.02
Department of Animal Science
Iowa State University

Zn and N retention highly correlated
r = 0.48; P = 0.006

Journal of Animal Science. 2018. doi:10.1092/jas/skx063
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Supplemental Trace Mineral
Treatments
NRC
Concentrations1

CON
Concentrations
(Analyzed)

Mineral,
mg/kg
Copper

Summary

- (2)

10

20

- (15)

30

100

Manganese

- (7)

20

50

Selenium

- (0.22)

0.10

Cobalt

- (0.05)

0.15

0.20

0.50

0.50

Zinc

Iodine

-

• Implants and supplemental trace minerals
increased DMI, ADG, HCW
• Supplemental IND trace minerals increased
HCW by 15 kg (33 lbs) over CON
• Economic value of trace mineral
supplementation increases due to implants

IND
Concentrations2

0.30

1

National Academies of Science, Engineering, and Medicine. 2016. Nutrient
requirements of beef cattle. 8th edition. The National Academies Press. Washington, DC.
Samuelson, K.L., M.E. Hubbert, M.L. Galyean, and C.A. Loest. 2016. Nutritional
recommendations of feedlot consulting nutritionists: The 2015 New Mexico State and
Texas Tech University survey. J. Anim. Sci. 94:2648-2663.

2

Future Directions

Implants and TM increase HCW
P < 0.0001

410

IMP= d 0 TE-IS, then
TE-200 on d 56

P = 0.03

400

a

390
HCW, kg

Neither
implant nor
TM affected
marbling score
or quality
grade
distribution

b

b

380
370
360
350
340
330

TM status

320
NoIMP

IMP

CON

NRC

IND

Implant × TM: P = 0.93
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$1,510.07
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$1,610.88

$1,665.30

($84.48)
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Breakeven selling price
for variable costs ($/lb)

$1.90
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$1.94
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Budget utilized from Iowa State University Extension and Outreach Ag Decision Maker File B1-21. Yearling steer purchase price
from Iowa feeder cattle combined auction of the week of August 15, 2016. Feed ingredient prices were averaged from Iowa
markets during the time steers were on feed. Fed cattle value pricing was obtained from USDA AMS National Weekly Direct
Slaughter Cattle – Premiums and Discounts (LM_CT155) and grid pricing from USDA AMS 5-Area Weekly WTD Average
Direct Slaughter Cattle – Premiums and Discounts (LM_CT169). Interest rates on feeder cattle and variable costs were averaged
interest rates from 2012-2016 from the Federal Reserve Bank of Chicago. All costs were held constant among treatments with
only the cost of hormones and mineral supplementation different between treatments.
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Estimation of human‐edible protein conversion efficiency and net protein contribution of
beef cattle in the United States J. R. Baber, J. E. Sawyer, and T. A. Wickersham, Texas A&M
Univ., College Station
Beef products are frequently maligned as a source of protein in human diets due to concerns
surrounding feed‐food competition. Use of human‐edible feedstuffs and production of enteric
methane are costs associated with beef production. Beef cattle contribute to the food supply
by harvesting inedible biomass and converting it into high‐biological value sources of protein. A
model was developed to estimate beef’s contribution toward meeting human protein
requirements using a summative model of net protein contribution (NPC). Net protein
contribution was calculated by multiplying the ratio of human‐edible protein (HeP) in beef to
the HeP in feedstuffs by the protein quality ratio (PQR). Protein quality ratio captures the
change in biological value of HeP that occurs when plant‐derived HeP is converted to beef. A
NPC > 1 indicates that the production system is positively contributing to meeting human
requirements, whereas a NPC < 1 indicates the production system is competing with humans.
Two scenarios were compared based on a 1,000 cow herd: 1.) Dietary ingredients and
production parameters used in a previous modeling report (PETERS; Peters et al., Year) or 2.)
Industry‐current dietary ingredients and production parameters (CURRENT). For the CURRENT
scenario, 54, 10, and 36% of HeP were produced the cow‐calf, stocker, and feedlot sectors;
PETERS was similar (57, 13, and 30%, respectively). The HeP conversion efficiency (HePCE) for
CURRENT (kg HeP yield/kg HeP input) was greatest in the cow‐calf sector (2,871.00) compared
to stocker (5.94) and feedlot (0.65); PETERS followed a similar trend. The entire production
system had a HePCE of 1.72 for CURRENT, whereas the PETERS scenario estimated HePCE to be
0.71. Overall, 2.53 kg of methane were produced per kg HeP for CURRENT, and 2.29 for PETERS,
with the cow‐calf sector being greater than the feedlot sector (3.89 vs 0.76). Protein quality
ratio was 3.04, 3.04, and 3.15 for cow‐calf, stocker, and feedlot sectors, respectively, under the
CURRENT scenario indicating each sector enhances the biological value of the HeP fed. Soybean
meal inclusion in feedlot diets (PETERS) resulted in a lower PQR compared to CURRENT (2.23 vs
3.16). The NPC in the CURRENT scenario was greatest for the cow‐calf sector (8,736.40),
followed by the stocker and feedlot sectors (18.07 and 2.04, respectively). All scenarios
contributed positively to meeting human protein requirements. Our results suggest that each
individual beef sector and the entire value chain produce more high‐quality HeP than is
consumed in production; accordingly, beef is a net contributor of protein to meeting human
protein requirements.
Zinc injection as a novel castration method in beef bulls Jase J. Ball1, Elizabeth B. Kegley1, Ty E.
Lawrence2, Shelby L. Roberts2, Jeremy G. Powell1, and John T. Richeson2, 1Univ. Arkansas,
Fayetteville, 2 West Texas A&M Univ., Canyon
Crossbred beef bulls (n = 180) were blocked by initial BW (337 ± 10.9 kg; 6 blocks) and assigned
randomly to 1 of 3 treatments on d 0: 1) INJ; received 1 mL (100 mg Zn) of a Zn solution in each
testis, 2) BAN; received blood‐restrictive rubber band placed around the dorsal aspect of the
scrotum, 3) BUL; bulls with testicles remaining intact in a randomized complete block design. A
subset of 54 animals (n = 3/pen) were fitted with accelerometers on d 0 to quantify behavior
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variables continuously for 28 d. Testis width and scrotal circumference, and serum haptoglobin
(d 0, 1, 3, 5, 7 and 14) and testosterone concentrations (every 28 d until slaughter) were also
determined for the subset. Cattle were harvested by block on three separate dates when blocks
reached similar BW and visual secondary adipose accretion. During the slaughter process,
testes from INJ and BUL were collected to assess final testes weight and for histopathological
evaluation. Final BW was greater (P < 0.01) for INJ (672 kg) and BUL (686 kg) compared to BAN
(611 kg). Overall ADG and G:F were greater (P ≤ 0.03) in INJ (1.7 kg; 0.18:1) and BUL (1.8 kg;
0.18:1) than BAN (1.4 kg; 0.15:1). Histopathological evaluation (n = 13; INJ = 7; BUL = 6)
indicated that INJ testes were degenerative and reproductively non‐viable whereas BUL testes
were normal. Serum testosterone concentrations on d 168 were similar (P = 0.14) between INJ
and BUL whereas after d 14, BAN were non‐detectable. Serum haptoglobin concentration was
greater (P < 0.01) in INJ than BUL and BAN on d 1, 3, 5, and 7. Scrotal circumference (P = 0.08)
and testis width (P = 0.07) on d 168 tended to be greater for BUL than INJ. Motion index (P ≤
0.02) and step count (P = 0.04) was greater in BUL and INJ compared to BAN cattle during the
28 d monitoring period. Hot carcass weights were greater (P < 0.01) in the INJ and BUL
treatments compared to BAN. Similarly, longissimus muscle area was greater (P < 0.01) in INJ
and BUL compared to BAN. Numeric yield grade was not different between all treatments (P =
0.12). Percentage of USDA Choice carcasses was greater (P < 0.01) in BAN compared to INJ and
BUL. Compositionally, INJ was more similar to BUL than BAN, suggesting limiting efficacy of INJ
as a castration method in older beef bulls.
Evaluation of hay and silage in receiving diets of newly weaned calves over two years
E. J. Blom1, R. H. Pritchard2, and K. E. Hales3, 1South Dakota State Univ., Brookings, 2Annawan
Cattle, Aurora, SD, 3USDA‐ARS, U.S. Meat Animal Research Center, Clay Center, NE.
Silages are often viewed as less desirable feedstuffs in receiving diets offered to newly weaned
calves. A two‐year experiment was performed to determine the effects of oat forage harvested
as either hay or silage from the same crop in receiving diets on cattle performance and diet
mixing and integrity characteristics. Steer calves (year 1 n = 180, year 2 n = 210) were weaned
and transported to the Ruminant Nutrition Center. The next morning, calves were processed
and BW was collected and used to assign steers to 1 of 3 dietary treatments (6 reps/treatment
in year 1; 7 reps/treatment in year 2). Treatment diets differed only in oat forage as the
roughage source and included either oat hay (HAY), oat hay with added water (HAYW; water =
10% of HAYW diet DM), or oat silage (SIL). Cattle were weighed 14 to 16 d after the start of the
experiment and on d 42. Bunk samples were collected during a single feeding in year 1 and
during 2 feedings in year 2. Bunk samples were collected at both feed delivery and post‐meal
and were subjected to particle separation with a 0.5 in2 sieve. Particles captured in the sieve
and those that passed through the sieve were considered larger particles and smaller particles,
respectively. Due to an initial overestimate of oat silage DM in year 1, the SIL steers were
offered less (8.00 vs. 8.96 and 9.06 lb; P < 0.01) feed than HAY and HAYW during the 14 d after
arrival when DMI limits were programmed by management; however, cattle in year 2 did not
differ in DMI. Regardless, there were no diet effects on ADG, but SIL fed calves had greater G:F
(0.360 vs. 0.307 and 0.313) than HAYW and HAY early in the experiment. Cumulative DMI was
less for SIL fed calves (12.66 vs. 12.90 and 13.24 lb) than HAY and HAYW, but ADG was not
different among treatments (P = 0.28) resulting in increased G:F (0.222 vs. 0.207 and 0.207) for
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SIL fed steers compared to HAY and HAYW fed steers. The HAY diet contained a lesser (P < 0.01)
proportion of larger particles at delivery compared to HAYW or SIL. The change in proportion of
larger particles from delivery to post‐meal was greater (157 vs. 42%; P = 0.04) for HAY
compared to SIL. The proportion of larger particles delivered to the bunk linearly increased (P <
0.01) and cumulative ADG linearly decreased (P < 0.01) as batch fraction increased. In
conclusion, SIL had no adverse effects on the performance of newly weaned calves. Oat silage
improved diet mixing and integrity measured as more uniformity throughout the batch and less
change in uniformity from delivery to post‐meal. These variations in diet mixing across a batch
were not recognizable by visual appraisal, but can impact cattle performance as ADG was
reduced (P = 0.01) as the proportion of larger particles delivered to the bunk increased.
Evaluation of the Effects of Dried Live Yeast on Rumen pH, Redox Potential, In situ
Digestibility of Dry Matter, and Neutral Detergent Fiber Digestibility in Growing Cattle
C. Cagle1, L. Tedeschi1, C. Runyan1, T. Callaway1, M. Cravey2, T. Kiros1, 1Texas A&M Univ.,
College Station, 2Phileo LeSaffre Animal Care, Milwaukee, WI
Live yeast (LY) supplementation to ruminants has been shown to increase nutrient digestibility
and improve the rumen environment by increasing its pH in dairy cows. Few studies have
determined the impact of LY in the rumen of growing cattle receiving high‐concentrate diets.
This study was designed to evaluate the effects of LY‐(Saccharomyces cerevisiae) Actisaf (Phileo
Lesaffre Animal Care) on rumen pH, redox potential, in situ dry matter digestibility, and neutral
detergent fiber digestibility during three feeding phases [grower (GRW), transition (TRANS), and
finisher (FIN)]. Eight ruminally cannulated cattle (n=4 steers and n=4 heifers) were blocked by
sex into two pens containing Calan gate feeders and received a standard diet (13.7% CP, 42.4%
NDF, 88% DM) without LY for 10 d (d ‐10 to d ‐1). On d 0, each animal was randomly assigned
to one treatment [control (CON), LY1 (2.5 g/d per head), LY2 (5 g/d per head), or LY3 (10 g/d
per head)], and fed every morning (0800) for 55 d. Each of the three diets (GRW, TRANS, and
FIN) were fed sequentially as follows: GRW for 27 d, TRANS for 14 d, and FIN for 14 d. There
were nine collection days (d ‐1 and every 7 d after) in which ruminal pH and redox potential
was determined, and nylon bags containing 5 g of diet substrates (GRW, TRANS, and FIN) were
incubated in the rumen at 1200 for 48 h to determine the DM digestibility (DMD) and neutral
detergent fiber digestibility (NDFD) of the three diets. Data were analyzed as a RCBD with day
as a repeated measure. For ruminal pH, TRT was not different (P=0.12) for the GRW diet, but
differs (P=0.02) for the TRANS diet showing a quadratic pattern (P=0.01) in which LY1 and LY3
had the greatest pH (P<0.05). For the FIN diet, TRT was also different (P=0.03), but had a linear
pattern (P<0.01) in which LY2 and LY3 had greater pH than CON (P<0.05). TRT affected the
redox potential (P=0.003) for the GRW diet and presented a cubic pattern (P<0.05) in which LY1
and LY3 had lower redox potential than CON (P<0.05). For the TRANS diet, TRT tended to be
different (P=0.08) and had a cubic pattern (P=0.04) in which LY1 and LY3 had the lowest redox
potential (P<0.05). TRT affected the finisher diet (P=0.03) and had a linear pattern (P=0.006) in
which LY2 and LY3 had a lower redox potential than CON (P<0.05). For DMD, TRT was different
(P<0.001) and had quadratic and cubic patterns (P<0.001) for the grower diet in which L2 had
the lowest DMD (P> 0.05). For the TRANS diet, TRT tended to be different (P=.071) and had a
cubic pattern (P=0.054) in which L2 had the lowest DMD (P>0.05). For the FIN diet, TRT affected
the DMD (P<0.001) and had a quadratic pattern (P<0.001) in which L2 had the lowest DMD
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(P>0.05). For NDFD, TRT was different for the GRW diet (P<0.001) in which LY2 had the lowest
NDFD (P<0.05). For the TRANS diet, TRT was also different (P=0.013) and had linear and cubic
patterns (P<0.05) in which LY1 had the greatest NDFD (P<0.05). TRT affected NDFD fo the FIN
diet (P<0.001) as well and had a quadratic pattern (P<0.001) in which LY2 had the lowest NDFD
(P<0.05). Our results indicated that the daily supplementation of 10 g of LY yielded greater
ruminal pH, DMD, NDFD and lower redox potential than CON in growing cattle.
The influence of supplemental zinc and ractopamine hydrochloride on trace mineral and
nitrogen retention of beef steers R. N. Carmichael, O. N. Genther‐Schroeder, C. P. Blank, E. L.
Deters, S. J. Hartman, E. K. Niedermayer, and S. L. Hansen, Iowa State Univ., Ames
The study objective was to determine if N retention was improved with supplemental Zn above
NRC concentrations with or without ractopamine hydrochloride inclusion. Angus crossbred
steers (n = 32, 1069 ± 57 lb BW) with Genemax gain scores of 4 or 5 were utilized in a 2×2
factorial arrangement (8 steers/treatment). Steers were blocked by BW to a finishing diet with
one of two mineral supplementation strategies (ZNTRT), no supplemental Zn (analyzed 32 mg
Zn/kg DM; CON) or supranutritional Zn (CON + 60 mg Zn/kg DM as ZnSO4 + 60 mg Zn/kg DM as
Zn‐amino acid complex; analyzed 145 mg Zn/kg DM; SUPZN), fed 56 days in pens equipped with
Growsafe bunks (GrowSafe Systems Ltd., Airdrie, Alberta, Canada) and assigned to beta agonist
(BA) supplementation strategies of 0 (NON) or 300 mg∙‐1steer∙‐1d ractopamine hydrochloride
(RAC) fed the last 30 d before harvest. DMI was greater in CON vs. SUPZN (P < 0.01) for the
initial 56 d feeding period. On d 57 (d 1 of BA supplementation; 1257 ± 68 lb BW), steers (4
groups; 8 steers/group; 2 steers/treatment) were moved to metabolism crates and adapted for
10 d, followed by 5 d of total fecal and urine collection. Total retention of Zn, Mn, Fe, Cu, and N
were calculated. Data were analyzed as a 2 x 2 factorial arrangement, with group as a fixed
effect and the three‐way interaction of ZNTRT × BA × group as random. No interactions
between ZNTRT and BA were noted for any data (P ≥ 0.19). Zinc intake was lesser in CON vs.
SUPZN (P < 0.01). Zinc and Mn retention were lesser in CON vs. SUPZN (P ≤ 0.03). Zinc retention
was not different between NON and RAC (P = 0.43). Retention of Cu and Fe were unaffected by
either ZNTRT or BA strategy (P ≥ 0.49). Nitrogen retention (as percent of N intake) was lesser (P
= 0.05) in CON (40.0%) vs. SUPZN (44.3%) and lesser (P = 0.02) in NON (39.5%) vs. RAC (44.8%).
Using Proc Corr, Zn and N retention were found to be positively correlated (r = 0.46, P < 0.01).
Overall, SUPZN appears to improve N retention, suggesting that increasing dietary Zn may be
important for cattle growth beyond that induced by ractopamine hydrochloride.
Utilization of Coproducts As an Alternative to Forage in Adapting Feedlot Cattle to Finishing
Diets David M Crawford and Joshua C McCann, Univ. of Illinois, Urbana
The objective of this study was to determine the interaction of replacing forage with
coproducts and the number of step‐up diets when adapting feedlot cattle to a finishing diet.
Simmental × Angus and Angus steers (N = 140; 521 ± 61.7 lbs) were blocked by initial BW and
allotted to 20 pens. Steers were fed a common receiving diet for the first 9 d after weaning.
Then pens were assigned to 1 of 2 dietary treatments: 1) decreasing coproduct inclusions
(soybean hulls and modified wet distillers grains) while increasing corn over 36 d or 2)
decreasing forage inclusions (alfalfa and grass hay) while increasing corn over 36 d. Pens were
fed either 5 or 2 step‐up diets for each dietary treatment during the 36 d adaptation period in a
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2 × 2 factorial design. Steers were fed a common finishing diet for the remainder of the trial
(160 d). At d 36, steers fed the coproduct‐based diets had a greater BW (703 vs. 690 lbs; P =
0.01) and ADG (5.05 vs. 4.67 lbs; P = 0.02) compared with steers fed the forage‐based diets.
Steers fed the coproduct‐based diets had increased DMI (15.4 vs. 15.0 lbs; P = 0.05) and tended
(P = 0.08) to decrease F:G over the initial 36 d. Steers fed the coproduct‐based diets with 2
step‐up diets had the greatest overall ADG (P ≤ 0.05) and final BW (P ≤ 0.05) compared with all
other treatments at d 196. The number of step‐up diets did not affect ADG (P = 0.47), DMI (P =
0.61), or F:G (P = 0.75) in the initial 36 d. There was a tendency for HCW (853 vs. 838 lbs; P =
0.10) to be greater for steers fed the coproduct‐based diets. Yield grade was greater (P = 0.02)
for steers fed two step‐up diets due to increased (P = 0.04) backfat thickness and smaller (P =
0.09) ribeye areas. Marbling score was not affected (P ≥ 0.61) by diet or number of step‐up
diets. The number of step‐up diets before the finishing phase did not affect growth
performance or feed conversion. Greater coproduct inclusions can be used in place of forage to
increase growth performance during the adaption phase and increase ADG throughout the
overall feeding period.
Effect of Diamond V NaturSafe on receiving period cattle performance and markers of
oxidative stress relative to transit E. L. Deters and S. L. Hansen, Iowa State Univ., Ames
Bawling crossbred beef steers (n = 48; 566 ± 39 lb) were transported to Iowa State University
for a 19‐d preconditioning (PRE) period followed by a 58‐d receiving period (REC) separated by
a 19‐h transit event to determine the effect of Diamond V NaturSafe® (NS) on receiving period
performance and oxidative stress post‐transit. Seven days after arrival (d ‐19 of study), steers
were weighed, processed, stratified by BW, sorted into pens (n = 1 pen/treatment; 12
steers/pen) and pens assigned to 1 of 4 dietary treatments: NS at 0 g∙steer‐1∙day‐1 (CON), 12
g∙steer‐1∙day‐1 (NS12), 18 g∙steer‐1∙day‐1 (NS18), or 0 g∙steer‐1∙day‐1 during PRE, then 18 g∙steer‐
1
∙day‐1 during REC (CON18). On d ‐1, BW and blood were collected; steers were then loaded
onto a semi‐truck and transported 1,086 mi over 19‐h. Upon return to ISU (d 0; end of PRE,
start of REC), steers were weighed, stratified by BW and sorted into pens with bunks capable of
measuring individual intake (n = 12 steers/treatment; 6 steers/pen). Feed efficiency (G:F) was
calculated from d 0 to 8, 0 to 30, 30 to 58, and 0 to 58 from steer DMI and weight gain. Blood
collected from all steers on d ‐1, 1, and 8 was analyzed for plasma malondialdehyde (MDA)
concentrations and red blood cell lysate (RBCL) superoxide dismutase (SOD) activity. Liver
biopsies were performed on all steers on d ‐20 and ‐3 for determination of glutathione
concentrations. Data were analyzed as a completely randomized design using ProcMixed of
SAS. Steer served as the experimental unit for REC period variables. The model included the
fixed effect of treatment and the random effect of steer. Contrast statements compared the
effect of control vs. NS (CON vs. NS12 and N18), the effect of dose (NS12 vs. NS18), and the
effect of receiving NS18 during PRE and REC or only during REC (NS18 vs. CON18). Blood
variables were analyzed as repeated measures. Glutathione concentrations from d ‐20 were
used as a covariate in the analysis of d ‐3 concentrations. Regardless of treatment, the 19‐hr
transit event resulted in 7% shrink. Initial and final REC BW did not differ by treatment (P ≥
0.26), nor did DMI (P ≥ 0.38). Steers fed NS12 had greater REC ADG (3.63 vs. 3.00 lb/d) and G:F
(0.237 vs. 0.198) from d 0 to 30 vs. steers fed NS18 (P ≤ 0.05). There were no effects of NS or
treatment × day on plasma MDA concentrations or RBCL SOD activity (P ≥ 0.16). Plasma MDA
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concentrations were greater on d ‐1 and 1 vs. d 8 (P ≤ 0.01). Total and Cu/Zn‐SOD activity were
lowest on d 1, greatest on d 8, and intermediate on d ‐1 (P ≤ 0.01). An opposite trend was
observed for Mn‐SOD where activity was increased on d 1 and 8 relative to d ‐1 (P ≤ 0.01). This
resulted in increased Mn:Total SOD activity on d 1 compared to d ‐1 and 8 (P ≤ 0.01). Prior to
transit (d ‐3) steers fed NS12 had greater liver concentrations of total, oxidized, and reduced
glutathione vs. steers fed NS18 (P ≤ 0.04). Supplementing NS at 12 g∙steer‐1∙day‐1 had positive
implications on early receiving period performance and antioxidant concentrations and could
therefore be a beneficial addition to receiving cattle diets. Because oxidative stress has the
potential to negatively impact feedlot health and performance, further research is necessary to
determine how transit affects oxidative stress in cattle.
Characterization of feeding behavior, ruminal motility, and rumen environment of beef
heifers during a moderate transition to a 90% concentrate diet A. M. Egert‐McLean and D. L.
Harmon, Univ. of Kentucky, Lexington
The objective of this experiment was to study the transition of beef cattle from a 70% to a 90%
concentrate diet to increase understanding of mechanisms contributing to adaptation of cattle
to a high‐concentrate diet and timing of these behavioral and physiological adaptations. Eight
ruminally‐cannulated Angus‐cross heifers (BW = 497 ± 24 kg) were adapted to a 70%
concentrate, high‐moisture corn‐based diet (T70) fed ad libitum once daily prior to initiation of
the trial. Baseline measurements were taken then heifers were switched to a 90% concentrate,
high‐moisture corn‐based diet (H90), and responses were measured. Ruminal pH was below 5.6
for longer on both days of the H90 diet than during T70 feeding (P<0.01). Animals increased dry
matter intake on d 1 of feeding H90 compared to T70 and then returned to baseline levels on d
2 (P=0.06). Time to consume 25, 50, 75, and 100% of daily intake on d 1 of H90 was the same as
T70, but on d 2, these times increased (P<0.04) 90, 54, 32, and 26% from d 1, respectively. This
suggested animals altered feeding behavior (i.e. spread out intake) from the increased intake
on d 1. Meal size (g) tended (P=0.10) to be lower on H90 days. Amplitude of ruminal
contractions was greater (P<0.01) on T70 than either d on H90. Meal duration (ρ=0.44), meal
size (ρ=0.41), and time ruminal pH < 5.6 (ρ=‐0.56) were correlated with contraction amplitude.
Duration of contractions progressively decreased through d 2 on H90 (P<0.01). Contraction
frequency on d 2 H90 was lowest at 2 h post‐feeding, and d 2 H90 frequency was also less than
T70 at 1, 6, 13, 15, and 16 h (Day*Time: P=0.04). Viscosity of rumen fluid on T70 was greater
than H90 at 8 h after feeding, but lower at 16 h (Diet*Time: P=0.03). Additionally, analysis of
viscosity showed that rumen fluid behaves as a pseudoplastic fluid, which may help offset
increases in viscosity by increasing shear thinning behavior of the fluid. These properties would
improve diffusion of substrates for absorption when mixed by rumen motility, yet when rumen
motility is decreased, diffusion of substrates would be reduced due to the fluid having a greater
viscosity. This would contribute to decreases in pH associated with greater VFA production.
Rumen fluid viscosity was positively correlated with meal frequency (ρ=0.45), mean ruminal
temperatures (ρ=0.45), and contraction duration (ρ=0.54) and tended to be negatively
correlated with time to consume 25 and 50% of daily intake (ρ=‐0.38). These data indicated that
a moderate transition to a high‐concentrate diet influenced feeding behavior, altered rumen
fluid viscosity, and a reduction in rumen motility could be related to a decrease in consumption
rate and feed intake associated with diet adaptation.
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Utility of statistical process control algorithms for preclinical detection of bovine respiratory
disease in feedlot cattle based on deviations in physical behavior (IceTag) L. R. Fontenot1,
W.C. Kayser1, G.E. Carstens1, W.E Pinchak2, P. Pinedo3 and J. T. Richeson4, 1Texas A&M Univ.,
College Station, 2Texas A&M Agrilife Research and Extension Center, Vernon, 3Colorado State
Univ., Ft. Collins, 4 West Texas A&M Univ., Canyon
Despite decades of research and development to advance vaccine and antimicrobial
technologies, bovine respiratory disease (BRD) remains the most common and costly disease of
feedlot cattle. Methods to detect BRD earlier in the disease process must be developed in order
to improve efficacy of BRD treatments. Pen riders’ presence may alter behavior of cattle, being
prey animals, so remote behavior monitoring may be a favorable method for detection of
changes in physiological state. A retrospective analysis of data collected from an existing study
(Pillen et al., 2016) was conducted for this study. Based on time series analysis of BRD cases vs
controls, Pillen et al. (2016) demonstrated a decrease in frequency of step counts 5 d prior to
BRD diagnosis in high‐risk calves. Utilizing the data from Pillen et al. (2016), we hypothesized
that statistical process control (SPC) could be employed to detect these differences in activity
data, and signal when an animal begins to differ from their respective normal. 261 high‐risk
crossbred steers and bulls (initial BW = 180 ± 26 kg) were evaluated for 56 d at a commercial
feedlot near Hereford, TX. An accelerometer (IceQube, IceRobotics, Ltd.) was placed around the
right rear leg, which continuously recorded frequency and duration of lying bouts, step count,
and motion index. This data was later compared to relative day of clinical BRD diagnosis, to
elucidate whether activity parameters changes in the days preceding a BRD diagnosis. Shewhart
procedures (Proc Shewhart, SAS 9.4) were used to evaluate each trait in a univariate model,
relative to onset of BRD. Multivariate models were also constructed with a principal component
analysis (PCA), utilizing all univariate traits in a Complete Model and frequency and duration of
lying bouts in a Resting Model. Sensitivity and specificity were calculated for each model and
compared. The univariate models had low sensitivity (< 24%) and moderate specificity (34‐
81%). The multivariate models had moderate sensitivities (44‐58%) but low specificities (< 37%).
Neither the univariate or multivariate models resulted in accuracies higher than 53%. In
contrast, previous research has demonstrated that SPC‐based models based on feeding
behavior traits were more sensitive (80%) and specific (83%) for accurate prediction of BRD
(Kayser et al., 2017). The lower accuracies of SPC models based on physical activity traits
reported in this study are likely due to substantial day‐to‐day variation. For example, the
coefficient of variation for day‐to‐day variance in step counts in this study was 40%, whereas,
the day‐to‐day variation in DMI and feeding behavior and DMI typically ranges from 18 to 25%.
Although the time‐series analysis of physical activity data utilized by Pillen et al. (2016)
indicated a decrease in physical‐activity traits prior to a BRD diagnosis, the inherent day‐to‐day
variance of physical activity is too large to support accurate SPC‐model preclinical detection of
BRD.
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The effects of the forage‐to‐concentrate ratio on the conversion of digestible energy to
metabolizable energy in growing beef steers A. L. Fuller1, T. A. Wickersham1, J. E. Sawyer1, K. E.
Hales2, 1Texas A&M Univ., College Station, 2 USDA‐ARS, U.S. Meat Animal Research Center, Clay
Center, NE
The net energy of a feed, required for beef cattle growth models, is often determined from
metabolizable energy using cubic equations established by Garrett (1980). For the
determination of these equations, ME was estimated using a fixed efficiency of 82% of the
digestible energy. However, methane energy losses can vary greatly across dietary constituents
suggesting that the relationship between DE and ME may not be static. The objective of this
study was to quantify the effects of decreasing dietary forage and increasing concentrate on
the efficiency of conversion of DE to ME. Ten purebred Angus steers (BW 365 ± 15.9 kg) were
used in a 5 × 5 replicated Latin square design. The dietary treatments were formulated to
contain an increasing proportion of concentrate with a concomitant decrease in forage supplied
by corn silage and alfalfa hay. Dry‐rolled corn was included in the experimental diets at 0, 22.5,
45, 67.5, and 83.8% on a dry matter basis resulting in a high F:C (HF:C), intermediate F:C (IF:C),
equal F:C (EF:C), low F:C (LF:C) and a very low F:C (VLF:C), respectively. Each of the 5
experimental periods consisted of a 21‐day diet adaption followed by 5 days of total fecal and
urine collections. Additionally, gas exchange was measured over a 24‐hour period during each
collection period using portable headbox calorimeters. Steers were fed once daily and provided
ad libitum access to feed and water. Data were analyzed as a Latin square design using the
Mixed procedure of SAS v9.4 (SAS Inst. Inc., Cary, NC). Contrasts statements were used to test
the linear and quadratic effects of F:C. There was a tendency (P = 0.06) for DMI to increase
linearly as the F:C decreased. Consequently, gross energy intake (GE; Mcal/d) also increased
linearly (P = 0.04) as the concentration of grain in the diet increased. Fecal energy loss in Mcal/d
(P = 0.02) and as a proportion of GE intake (P < 0.01) decreased as F:C decreased. The digestible
energy of the diets (Mcal/d) increased linearly (P < 0.01) and ranged from 20.20 to 26.81 for the
HF:C to the VLF:C treatments, respectively. Methane energy loss in Mcal/d and as a proportion
of GE intake responded quadratically (P < 0.01) increasing from HF:C to EF:C then decreasing
thereafter. The efficiency of the conversion of DE to ME increased linearly (P < 0.01) as the F:C
decreased, ranging from 85.82 to 91.87. Heat production increased linearly (P < 0.04) as
concentrate grain increased in the diet but was not different as a proportion of GE intake (P >
0.22). Retained energy increased linearly (P < 0.01) as the concentration of grain in the diet
increased. Dry matter, OM, and NDF digestibility increased linearly (P < 0.01) as the F:C
decreased. Conversely, starch digestibility decreased linearly (P < 0.01) from 99.66 for the HF:C
treatment to 93.30% for the VLF:C treatment. In conclusion, the efficiency of conversion of DE
to ME increased with increasing diet digestibility and decreasing methane energy loss.
Evaluation of high‐protein distillers grains and corn bran plus solubles in finishing diets on
performance and carcass characteristics S. A. Garland, B. M. Boyd1, F. H. Hilscher1, J. C.
MacDonald1, R. A. Mass2, and G. E. Erickson1 , 1Univ. of Nebraska, Lincoln, 2ICM Inc., Colwich, KS
Two feedlot experiments were conducted to evaluate the effect of feeding high‐protein
distillers grains and corn bran plus solubles (new dry mill ethanol processes) in finishing diets on
performance and carcass characteristics. In Exp. 1, 300 crossbred calf‐fed steers (In. BW = 621
lb; SD = 23) were blocked by initial BW, stratified by BW, and assigned randomly to pen (n = 30;
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10 steers/pen). Treatments included a corn‐based control (CON), traditional wet distillers grains
(WDGS), traditional dry distillers grains (DDGS), high‐protein dry distillers grains (HIPRO), and
corn bran plus solubles (BRAN+SOL) from dry milling. Byproducts were included at 40% of diet
(DM) and replaced a 50:50 blend of high‐moisture and dry‐rolled corn. All diets contained 15%
corn silage and supplement. Treatment impacted final BW, HCW, ADG, and F:G (P < 0.03).
Steers fed BRAN+SOL and HIPRO did not differ in ADG (P = 0.50) but gain was greater (P < 0.04)
than steers fed CON and WDGS. Steers fed DDGS had intermediate gains to BRAN+SOL and
HIPRO or CON and WDGS. Steers fed BRAN+SOL and HIPRO did not differ in F:G (P = 0.65) but
were more efficient (P < 0.05) than steers fed CON or WDGS. Steers fed DDGS had intermediate
efficiencies to steers fed BRAN+SOL and HIPRO or steers fed CON and WDGS, and were not
different (P > 0.20) from HIPRO, CON, and WDGS. In Exp. 2, 300 crossbred yearling steers (In.
BW = 912; SD = 80) were assigned to pen (n = 30; 10 steers/pen) similarly to Exp. 1. Treatments
were arranged in a 2 x 2 + 1 factorial design with byproduct (WDGS or BRAN+SOL) and inclusion
(20% or 40% diet (DM)) as the factors. All treatments were compared to a corn‐based control
(CON). Byproducts replaced a 50:50 blend of high‐moisture and dry‐rolled corn. All diets
contained 7% grass hay and supplement. There was a quadratic response in DMI with
increasing inclusion of WDGS (P < 0.01) and a tendency (P = 0.08) for a quadratic response for
BRAN+SOL. Steers fed 20% WDGS had the greatest DMI, but were not different (P > 0.15) from
steers fed either inclusion of BRAN+SOL. Steers fed CON had the lowest DMI (P < 0.02) and
steers fed 40% WDGS were intermediate, but not different (P > 0.06) from steers fed either
inclusion of BRAN+SOL. Gains linearly increased with increased inclusion of both byproducts (P
< 0.01). This led to a linear improvement in F:G with increased inclusion of WDGS (P < 0.01) and
a tendency for a linear improvement in F:G for increased inclusion of BRAN+SOL (P = 0.10). Hot
carcass weight linearly increased with increased inclusion of BRAN+SOL (P < 0.01). Both HiPro
DDGS and BRAN+SOL improved F:G over corn. Feeding HIPRO resulted in an 8% improvement in
F:G while BRAN+SOL resulted in a 9% improvement for calf‐fed steers and a 5% improvement
for yearling steers. Feeding BRAN+SOL was similar to WDGS at both 20% and 40% of diet (DM).
Post‐weaning performance and carcass characteristics of steers implanted during the suckling
phase with a combination of estradiol benzoate and trenbolone acetate W. W. Gentry1, R. H.
Pritchard2, and K. E. Hales3; 1South Dakota State University, Brookings, SD, 2Annawan Cattle,
Aurora, SD, 3USDA‐ARS, U.S. Meat Animal Research Center, Clay Center, NE
An experiment was conducted to examine the effects of administering an extended release,
estradiol benzoate and trenbolone acetate combination implant to suckling steer calves on
post‐weaning performance and carcass characteristics. In early May, suckling steer calves were
either not implanted (NONE) or were implanted with 21 mg estradiol benzoate and 150 mg
trenbolone acetate (Synovex One Grass; ONE‐G). Steer calves were predominantly 30 to 60 d of
age when implants were administered. Steers were weaned in late October and enrolled in a 44
d receiving experiment (177 to 221 d post‐suckling implant administration) where no implants
were administered. At the conclusion of the receiving experiment 55 steers (BW=746 ± 8 lb.)
were sorted into pens based upon suckling implant exposure and BW. All steers were
implanted with a Synovex Choice on d 5 (226 d post‐suckling implant administration) and a
Synovex Plus on d 85. Steers were fed common diets (167 d) and were shipped to a commercial
abattoir on a common day when overall mean population rib fat depth was estimated to be 0.5
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inches. Carcass data were collected via the video image analysis software at the packing plant.
Performance data were analyzed as a completely randomized design using the GLM procedure
of SAS with pen as the experimental unit. Carcass data were analyzed similarly with steer as the
experimental unit. Quality Grade distributions were compared via the FREQ procedure of SAS.
Steers implanted with ONE‐G were heavier than NONE steers at the onset of the experiment
(760 vs. 733 ± 2.1 lb; P < 0.01). By d 85 there were no differences in BW (1033 and 1033 lb). On
a cumulative carcass adjusted basis NONE steers were more efficient than ONE‐G steers (5.38
vs. 5.78 ± 0.113 F:G; P = 0.05). No difference in cumulative DMI was observed (P = 0.26). Steers
implanted with ONE‐G tended to have a larger REA than NONE steers, despite being implanted
similarly in the feedlot (14.15 vs. 13.67 ± 0.177 in2; P = 0.06). No differences were observed for
other carcass characteristics or Quality Grade (P > 0.20). Percent empty body fat at harvest was
similar for NONE and ONE‐G steers (P > 0.20). The ONE‐G implant is labeled for 200 d of implant
coverage. To study the potential anabolic effects of ONE‐G in the feedlot, we chose not to re‐
implant steers until 226 d post‐suckling implant administration. Therefore, the ONE‐G steers did
not have continuous exposure to an active implant. Differences in early performance may be a
consequence of the discontinuous exposure to anabolic agents. Administering ONE‐G during
the suckling phase did not diminish carcass quality. Since no adverse consequences were
evident, future work should evaluate implant strategy options to follow ONE‐G in suckling
calves.
Growth, performance, and carcass characteristics of feedlot Holstein steers fed ractopamine
hydrochloride C. L. Haviland1, C. J. Richards1, J. A. Reed1, M. E. Youngers1, S.T. Quanz1, C. G.
Lockard1, M. A. Woolsoncroft1, T. C. Husz1, C. L. Goad1, T. A. Jackson1, D. L. Step1, M. J. Corbin2,
and C. R. Krehbiel1, 1Oklahoma State Univ., Stillwater, 2Zoetis Animal Health, Florham Park NJ
Growth‐promoting technologies such as implants, ionophores, and β‐agonists improve feedlot
performance, efficiency, and carcass characteristics of cattle. The objective of this study was to
determine the effects of dose and duration of ractopamine hydrochloride (RH) on feedlot
performance and carcass characteristics when fed to Holstein steers. A randomized complete
block design was used with a 3 × 3 factorial arrangement of treatments with three RH doses (0,
300, or 400 mg∙steer‐1∙d‐1) fed for three durations (28, 35 or 42 d). Holstein steers (n = 855;
initial BW = 448 + 37 kg) were blocked by BW and randomly allocated to 1 of 9 pens (15 blocks;
9 dose × duration treatment combinations) approximately 72 d before harvest. Weekly pen
weights, chute temperament and animal mobility were determined during the RH feeding
period. At harvest, carcass data were collected on all steers, and tenderness was measured on
steaks from 3 or 4 randomly selected steers from each pen. Slice shear force (SSF) was
determined on a steak selected from each side of the carcass after aging for 14 or 21 d. When
RH was fed, BW gain, ADG, and G:F increased (Linear effect, P < 0.003) compared with steers
not fed RH. Duration had an effect on BW gain (Linear effect, P = 0.003) and DMI was not effect
by dose (P = 0.84). Hot carcass weight, LM area, 12th rib fat thickness, and carcass gain (Linear
effect, P < 0.02) were greater in steers fed RH. The percentage of carcasses in the USDA Yield
Grade 2 category increased (Linear effect, P = 0.02) and percentage of carcasses in the USDA
Yield Grade 3 category tended (P = 0.10) to decrease. After aging steaks for 14 d, average SSF
was greater (P < 0.001) when RH was fed. SSF value was increased for steers fed RH regardless
to postmortem aging (Linear effect, P < 0.002). After 21‐d aging, there was a tendency (P =
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0.06) for a higher percentage of steaks from steers fed RH to have SSF > 20.0 kg, but no
difference (P > 0.12) in the percentage of steaks with SSF < 19.9 kg. Feeding RH for 28 to 42 d
before harvest improved weight gain, gain efficiency, HCW, and LM area when fed to Holstein
steers. Effect of feeding RH on percentage of steaks classified as not tender is improved when
steaks are aged for 21 d.
Ruminal papillae morphology and volatile fatty acid profile of beef feedlot steers fed
combinations of feed additives C. A. Hoffmann1, J. O. Sarturi1, B. Q. Reis2, M. F. Miller1, M. M.
Brashears1, D. D. Millen2, J. T. Milopoulos1, and T. L. Opheim1, 1Texas Tech University, Lubbock,
2
Univ. of São Paulo, Dracena, São Paulo, Brazil
The effects of a combination of feed additives including monensin, tylosin, and a novel direct‐
fed microbial (DFM; L. salivarius L28) on ruminal papillae morphology and ruminal volatile fatty
acid (VFA) profile of feedlot steers fed a steam‐flaked corn‐based finishing diet were evaluated.
Using a randomized complete block design feedlot study, 144 single‐sourced crossbred steers
(BW= 371 ± 19 kg) were blocked by initial BW and randomly assigned to 1 of 3 treatments (12
pens/treatment; 4 steers/pen). Treatments consisted of: a) no feed additives [CONTROL]; b)
monensin (330 mg/animal‐daily) and tylosin (88 mg/animal‐daily) [MonTyl]; and c) monensin
(330 mg/animal‐daily) and L. salivarius L28 (107 CFU/animal‐daily) [MonPro]. Steers were fed a
steam‐flaked corn‐based finishing diet. Animals were harvested in two groups (140 d and 158 d
on feed). During both harvest groups, an individual sample (approximately 6 cm2) of the
ruminal cranial sac epithelium was collected (n = 144). Ruminal tissue samples were preserved
under refrigeration (4oC) and immersed in 70% alcohol until further analysis. During the first
harvest group only, an individual sample (50 mL) of ruminal fluid (n = 53) was collected directly
from the rumen following evisceration, for VFA analysis. Data were analyzed using the GLIMMIX
procedures of SAS, using pen as the experimental unit and BW block as random effect. Steers
fed MonPro tended (P = 0.09) to increase the total number of ruminal papillae compared to
CONTROL steers, while those fed MonTyl were intermediate. Feed additive combinations did
not affect papillae area (P = 0.27), size (P = 0.26), or absorptive area (P = 0.47). Ruminal
acetate:propionate ratio (P = 0.14), total VFA mMol/L (P = 0.41), and molar proportions of
acetate (P = 0.20), propionate (P = 0.17), butyrate (P = 0.24), and other branched‐chain fatty
acids were not affected (P ≥ 0.12) by dietary treatments. Ruminal absorption potential maybe
positively affected by the combined feeding of monensin and L. salivarius L28 during cattle
finishing phase, particularly due to the potential increase in papillae number per unit of ruminal
tissue area. Feed additives tended to affect ruminal physical components at greater extension
than momentary metabolical markers, such as VFA profile. Further investigation is needed to
identify long‐term effects of feed‐additives on ruminal morphology.
Feedlot performance and carcass characteristics of finishing heifers fed steam‐flaked Enogen
Feed Corn® L. M. Horton, C. L. Van Bibber‐Krueger, and J. S. Drouillard, Kansas State Univ.,
Manhattan
Enogen Feed Corn (EFC; Syngenta Seeds, LLC) is characterized by amplified expression of heat‐
stable amylase, and thus is of interest in terms of its application to cattle feeding. Our objective
was to examine steam‐flaking characteristics of EFC and impact on feedlot performance,
carcass characteristics, and liver abscess prevalence and severity when fed to finishing beef
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heifers. Finishing diets (93% concentrate) consisting of mill‐run corn (CON) or EFC were fed to
700 crossbred beef heifers (867 ± 18.7 lb initial BW) over 136 days. Heifers were blocked by
BW, stratified, then randomly assigned to 1 of 28 dirt surfaced pens (25 animals/pen). Heifers
were gradually transitioned to finishing diet over 21 days using a series of 4 step‐up diets. Mill‐
run corn was steam‐flaked to 28 lb/bu with a production rate of 6.6 tons/hour. To achieve
similar starch availability, EFC was steam‐flaked to 30 lb/bu with a production rate of 9.9
tons/hour. After 136 days on feed, cattle were weighed and transported approximately 275
miles to a commercial abattoir and harvested. Liver abscess scores and hot carcass weight
were collected on the day of slaughter; all other carcass characteristics were recorded following
24 hours of refrigeration. Dry matter intake was similar between treatments, but cattle fed EFC
had greater ADG, resulting in a 5% improvement in feed efficiency. Hot carcass weights were
13 lb greater for cattle fed EFC compared to those fed CON. No differences were observed for
LM area (P = 0.89), 12th rib fat (P = 0.21), or USDA Yield Grade (P = 13). CON cattle had a
greater mean marbling score compared to EFC (605 vs. 589, respectively; P = 0.04), but quality
grades were not different (P > 0.33). Heifers fed EFC had fewer liver abscesses compared to
cattle fed CON. Enogen Feed Corn can be flaked with greater throughput while still improving
feed efficiency, ADG, and HCW.
Effects of ractopamine hydrochloride on slice shear force within USDA Quality Grade of
feedlot Holstein steers T. C. Husz1, C. J. Richards1, C. L. Haviland1, M. J. Corbin2, and C. R.
Krehbiel1, 1Oklahoma State Univ., Stillwater, 2Zoetis Animal Health, Florham Park, NJ
The addition of β‐agonists, such as ractopamine hydrochloride (RH), increase carcass weight
and leanness when fed to Holstein steers. The objective of this experiment was to determine
the effects of RH (Actogain, Zoetis) on Slice Shear Force (SSF) tenderness within USDA Quality
Grade in Holstein steers. Holstein steers (n = 417; initial BW = 442 + 33.1 kg) were used in a
randomized complete block design where RH was fed for 3 durations (28, 35, or 42 d) at 3 doses
(0, 300, or 400 mg∙steer‐1∙d‐1). After harvest, SSF was measured on two 3.8 cm thick steaks
selected from each side and aged either 14 or 21 d postmortem. Carcasses were assigned a
USDA Quality Grade based on marbling score (799 to 600 = High Choice; 599 to 401 = Low
Choice; and < 400 = Select), and within USDA Quality Grade steaks were categorized into 3
tenderness categories (< 15.3 kg = very tender; 15.4 to 19.9 = tender; > 20.0 kg = tough) based
on SSF value. With increasing RH dose, there was a linear increase (P < 0.001) in ADG. In
addition, steers fed increasing RH had heavier HCW (linear effect, P = 0.02) and greater (linear
effect, P = 0.01) LM area. Within USDA High Choice and Low Choice carcasses, after 14‐d aging
there was a linear decrease (P < 0.03) in very tender steaks and a linear increase (P < 0.05) in
tough steaks as RH increased. For USDA Select carcasses there was a tendency (P = 0.06) for a
linear increase in the percentage of tender steaks as RH increased. Duration of feeding resulted
in a quadratic response (P = 0.04) for tender steaks from carcasses in the USDA High Choice
Quality Grade, with steers fed for 35 d having the lowest percentage of tender steaks. After 21‐
d aging, there was no effect (P > 0.12) of dose of RH on tenderness within USDA Quality Grade.
While the addition of RH to the diet of Holstein steers improved HCW and LM area, RH
decreased the percentage of very tender steaks at 14‐d postmortem. However, after 21‐d
aging, dose of RH did not affect tenderness within USDA Quality Grade category. Overall, the

121

addition of RH to the diet of Holstein steers increased BW gain, HCW, LM area, and carcass
leanness. Negative effects of RH on tenderness can be mitigated by aging steaks for 21 d.

Syngenta Enhanced Feed Corn (Enogen) containing the alpha amylase trait improves feed
efficiency in growing calf diets M.A. Johnson1, T.J. Spore1, S.P. Montgomery2, C.S. Weibert1,
J.S. Garzón1, W.R. Hollenbeck1, R.N. Wahl1, E.D. Watson3 and D.A. Blasi1, 1Kansas State Univ.,
Manhattan, 2Corn Belt Livestock Services, Papillion, NE, 3Syngenta Crop Protection, Greensboro,
NC
Four hundred twenty‐six English crossbred steers, averaging 538 lbs, were transported from a
single source in Lazbuddie, Texas to the Kansas State Beef Stocker Unit (approximately 565
miles) on May 15, 2017. Upon arrival, all animals were vaccinated for viral and clostridial
diseases and treated for internal and external parasites. On day 21, all research animals were
revaccinated for respiratory diseases. Thirty‐two pens were used (8 for each treatment),
composed of 12 animals each. Thirty‐two steers on the lower end of the weight spectrum and
10 steers on the higher end of the weight spectrum were removed from the research
population. The remaining 384 steers were stratified by weight and randomly assigned to pens,
which were randomly allocated to 1 of 4 treatments. The four treatment diets were formulated
to provide 51 Mcal NEg/100 lbs dry matter and all were offered for ad libitum intakes. The
experiment was a 2 x 2 factorial design with two varieties of corn (Enogen vs yellow) and two
methods of corn processing (dry‐rolled vs whole‐shelled). Pen was the experimental unit. The
steers were fed their respective diets once daily at approximately 0700 for 90 days. Individual
animal weights were taken on day ‐1 (arrival), day 0 (initial processing), day 21 (revaccination),
and day 91 (final weights). Fecal starch samples were obtained individually on day 56 and 57
and analyzed the same week. Pen weights were collected on day 7, day 14, day 35, day 63, and
day 77. Feed delivery was adjusted based on daily refusals to ensure ad libitum intakes without
an excess of left over feed. Bunk and individual ingredient samples were taken weekly. Over the
entire 90‐day trial, the dry matter (DM) intake for calves fed Enogen Feed corn tended to be
lower (P<0.09) than calves fed yellow corn. This difference was especially apparent through day
14, where yellow‐fed calves consumed significantly more feed than their Enogen‐fed
counterparts (P<0.01). Average daily gain and off‐test weights tended to be greater (P<0.10) for
calves fed Enogen Feed corn over the entire 90‐day trial. Feed efficiency (G:F) was greater in
calves fed Enogen Feed corn (P<0.01). As early as day 35, feed efficiency (F:G) tended to be
greater for Enogen‐fed calves (P<0.07). For the remainder of the study (day 63 and day 90),
feed efficiency was significantly greater for calves fed Enogen Feed corn (P<0.01). Overall, the
feed efficiency (F:G) of calves receiving Enogen Feed corn was improved by 5.50%. These data
indicate that using Enogen Feed corn with the alpha amylase enzyme expression trait increases
the degradation of starch, which improves feed efficiency. By using a variety of corn that
provides more energy in lesser amounts, producers can reduce feed costs while maximizing
performance.
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Effects of exogenous fibrolytic enzymes on beef cattle fed growing diets: Metabolism study
L.B. Kondratovich, J.O. Sarturi, M. Ballou, A. B. Mello, P.R.B. Campanili, L.A. Pellarin, and M. E.
Hanlon, Texas Tech Univ., Lubbock
The effects of exogenous cellulases and xylanases (Trichoderma extract) when added to cattle
low and high quality growing diets on cattle intake, ruminal fermentation, digestibility, and
feeding behavior were evaluated. Ruminally cannulated crossbreed steers (n = 5, BW = 520 ± 30
kg) were used in a 5 x 4 unbalanced Latin square design, in which a 2 x 2 factorial arrangement
of treatments was used: a) growing diet quality (high = HQ; and low = LQ); and b) enzyme
inclusion (0 or 0.75 mL/kg of diet DM; ABVista, UK). Steers were fed ad‐libitum during periods
(n = 4), comprehending 21d (14d for adaptation and 7d for collections) in which samples of diet,
refusals, and feces (twice‐day) were collected. Ruminal pH probes were used to continually
assess ruminal pH. Ruminal fluid samples were collected at 2, 4, 8, 16 and 24h post‐feeding for
VFA analyses. Subsamples of ruminal fluid (50 mL) were incubated (24h) for in vitro assessment
of gas and CH4 productions. A continuous observation (24h) was used for the feeding behavior
analyses. Data were analyzed using the GLIMMIX procedures of SAS, using collection day as
repeated measure. No diet × enzyme interactions (P ≥ 0.18) were observed for intake variables,
with the exception of hemicellulose (HEM) intake (P = 0.05), in which steers fed enzymes
increased HEM consumption in the LQ, but not in the HQ diet. Enzyme‐fed steers increased DMI
(P = 0.04), digestible DMI (P = 0.05), and digestible NDF or ADF intakes (P ≤ 0.02) by
approximately 6, 14, 21, and 24%, respectively, compared to steers not fed enzyme. Regarding
growing diet quality, steers fed HQ diets consumed more DM, digestible DM, and OM (P ≤
0.04), and less (P ≤ 0.03) total fiber and digestible fiber variables than steers fed LQ diets.
Ruminal pH average decreased (P = 0.01) when enzyme was fed and when diet was HQ. Molar
proportion of ruminal propionate increased (P = 0.01) by 4.3% for steers fed enzyme, and total
VFA (mMol/L of ruminal fluid) tended (P = 0.06) to be 16% greater for enzyme‐fed steers with
HQ diet, but not in LQ diets. Steers fed HQ diets had greater (P < 0.01) propionate and valerate
molar proportions, and lower (P < 0.01) acetate molar proportion as well as acetate:propionate
ratio than steers fed LQ diets. Inclusion of enzyme did not affect (P ≥ 0.50) in vitro methane and
total gas productions, although LQ diet‐fed steers tended (P = 0.09) to increase in vitro methane
production (mL/L of rumen fluid) in comparison with steers fed HQ diets. The inclusion of
enzyme did not affect feeding behavior (P ≥ 0.50), except for a tendency (P = 0.09) to increase
eating time when the enzyme was fed with LQ diets. Steers fed HQ diets showed less chewing
activity variables (P ≤ 0.01) than those fed LQ. The use of fibrolytic enzyme (Trichoderma
extract) in beef cattle growing diets stimulated intake and generated positive aspects for
ruminal fermentation. Beef cattle high quality growing diet positively affected intake and
ruminal fermentation characteristics, even when chewing activity was reduced.
Evaluation of a glycerin drench on the health, performance, and blood cell counts of newly‐
received feedlot heifers F. A. Lopez1, E. R. Oosthuysen1, G. C. Duff2, J. T. Richeson3, K. L.
Samuelson3, M. E. Hubbert2, and C. A. Löest1, 1 New Mexico State Univ., Las Cruces, 2 NMSU
Clayton Livestock Research Center, Clayton, NM, and 3West Texas A&M Univ. Canyon
Calves entering the feedlot typically have suppressed feed intakes due to stress, which results
in an immune compromised animal. Drenching calves with glycerin could increase energy intake
independent of voluntary feed intake, and may provide more energy for a compromised
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immune system. This study evaluated the effects of a crude glycerin drench upon arrival on the
health and performance of newly‐received feedlot heifers. A total of 719 crossbred heifers
(originating from southern Texas; 397 ± 1.1 lb BW) were blocked by 6 truckloads and assigned
to 48 pens and 4 treatments in a randomized complete block design. Treatments were a control
(CON) where calves did not receive a drench throughout the study, a water drench (WATER)
where calves received 2 L of drinking water, a low glycerin drench (LOW‐GLY) where calves
received 2 L of a 200 g/L crude glycerin solution, and a high glycerin drench (HIGH‐GLY) where
calves received 2 L of a 400 g/L crude glycerin solution. The LOW‐GLY and HIGH‐GLY treatments
supplied calves with approximately 33% and 67% of their daily NEm requirements, respectively.
The drench treatments were provided to calves at initial processing as well as calves warranting
medical treatment during the study. On d 0, 21 and 42 individual BW and rectal temperatures
were recorded. Blood samples were collected on d 0, 7, 21, and 42 via the jugular vein of 5
randomly selected calves per pen. Whole blood was analyzed for total and differential white
blood cell counts. Calf morbidity and mortality was recorded throughout the study. Calf BW and
DMI did not differ among treatments (P ≥ 0.25). Drench treatments also did not alter (P ≥ 0.15)
overall ADG and G:F of calves during the 42‐d study. However, during the first 21 d G:F tended
to be lower (P = 0.10) for LOW‐GLY (0.163 ± 0.02) than CON (0.203 ± 0.02), WATER (0.215 ±
0.02) and HIGH‐GLY (0.209 ± 0.02), with a tendency for lower (P = 0.12) ADG by calves receiving
LOW‐GLY (1.18 ± 0.17 lb/d) compared with CON (1.49 ± 0.17 lb/d), WATER (1.60 ± 0.17 lb/d)
and HIGH‐GLY (1.51 ± 0.17 lb/d). Calf morbidity (25.9 ± 5.3%) and mortality (2.40 ± 2.06%) were
not different (P ≥ 0.62) among treatments. Complete blood cell counts were also not different
(P ≥ 0.45) among treatments. Blood hematocrit percentages were greater (P < 0.01) on d 0 than
d 7 and 21 (41.8 vs 38.6 and 38.1 ± 0.35%) and intermediate on d 42 (40.6 ± 0.35%). Total white
blood cell (WBC) counts were lower (P < 0.01) on d 0 and 7 than d 21 and 42 (9,730 and 9,360
vs 12,290 and 12,880 ± 240 units/μL). Neutrophils as percentage of total WBC were greater (P <
0.01) on d 0 than d 7 and 21 (31.2 vs 29.4 and 25.0 ± 1.17%) and intermediate on d 42 (28.0 ±
1.17%). Lymphocyte proportions were lower (P < 0.01) on d 0 than d 21 and 42 (50.4 vs 54.8
and 53.5 ± 1.19%), and monocyte proportions were greater (P < 0.01) on d 21 than d 0, 7, and
42 (19.6 vs 17.0, 17.1 and 17.6 ± 0.39%). Eosinophil proportion decreased (P < 0.01) from d 0 to
21 (1.4 to 0.5 ± 0.11%) and then increased to 0.9 ± 0.11 on d 42. In conclusion, drenching water
or a crude glycerin solution upon arrival or as part of medical treatment did not improve feedlot
receiving calf health, performance or complete blood cell counts.
Quantifying Stress and Anxiety: Development and Validation of a Novel Fear Test for Cattle
Amanda J. Mathias1, Gordon Carstens1, Lydia Forehand1, and Courtney L. Daigle1, 1Texas A&M
Univ., College Station
Common cattle fear tests are criticized for being 1) designed for animals uncomfortable in open
spaces, 2) influenced by previous experience and contextually appropriate, or 3) subjective. The
Elevated Zero Maze (EZM) has been validated to objectively quantify fear and anxiety in
rodents by exploiting their fear of open spaces and propensity for dark, enclosed spaces.
Inversely interpreting EZM, we developed the Bovine Zero Maze (BZM) to quantify cattle
anxiety. The objective was to evaluate the relationship among fear behaviors, average exit
velocity (AEV), and ADG in growing heifers. We hypothesized heifers with greater ADG and
slower AEV would perform fewer: steps, escape attempts, direction changes, vocalizations,
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urinations/defecations. Heifer behavior (n = 14) in the BZM was decoded from video recordings.
The impact of heifer behavior on ADG and AEV was evaluated using a General Linear Model
(PROC GLM). The latency to first step (P = 0.02) and latency to first standing bout (P = 0.04) was
significantly impacted by AEV. Total number of steps (P = 0.02) was significantly impacted by
ADG, while the total number of direction changes while in the maze (P = 0.055) tended to be
impacted by ADG. These results indicate that behaviors exhibited in the BZM may have
production‐relevant associations may be proxy indicators of cattle anxiety.
Impact of Shade in Beef Feedyards on Performance, Body Temperature, and Heat Stress
Measures B. A. Melton1, B. M. Boyd1, C. Macken2, A. K. Watson1, J. C. MacDonald1, and G. E.
Erickson1, 1Univ. of Nebraska, Lincoln, 2Performance Plus Liquids, Grand Island, NE
A study using crossbred steers (n= 1677; initial BW = 820 kg, SD = 104) was conducted at a
commercial feedyard in Eastern NE to determine the effects of shade on cattle performance,
body temperature, and cattle activity. Two treatments were evaluated using a randomized
complete block design (n = 5 blocks based on arrival). Treatments were assigned randomly to
pen and consisted of 5 pens without shade (OPEN) and 5 pens with shade (SHADE). Steers were
allowed 410 ft2/steer of pen space and shaded area was 30 to 45 ft2/steer. Cattle were
assigned to pen based on processing order, switching the sort gate after every third steer. Body
temperatures were collected throughout the trial using Quantified Ag biometric sensing ear
tags on a subset of cattle (20 to 30 steers per pen based on pen size). Panting scores were
collected on those same subsets of steers a minimum of twice weekly from June 8 until August
21. No significant differences were observed for ADG (P = 0.29), DMI (P = 0.31), F:G (P = 0.85),
or carcass characteristics (P ≥ 0.24). Two heat events and one cool event were defined for the
feeding period based on wind adjusted temperature‐humidity index, with Event 1 from June 3
to June 12, Event 2 from July 6 to July 24, and the cool event from August 6 to August 18. In
addition, overall trial data (April 28 to September 8) were compared for temperature and
activity when all cattle were in pens simultaneously. During Event 1, cattle in SHADE had
greater DMI (P = 0.02) and tended to have lower panting scores (P = 0.13) than cattle in OPEN.
During Event 2, SHADE cattle had greater DMI (P < 0.01) and lower panting scores (P < 0.01).
The cool event also resulted in greater DMI (P < 0.01) and lower panting scores (P < 0.01) for
the SHADE cattle. Ear temperature for OPEN cattle was greater for Event 1 from 1100 to 1700
hours and greater for Event 2 from 1200 to 2000 hours (P < 0.05), suggesting cattle in shaded
pens were cooler in the afternoon during heat events. Movement for SHADE cattle was greater
overall than OPEN cattle during Event 1 and greater from 1800 to 2200 during Event 2.
However, movement for OPEN cattle was significantly greater than SHADE cattle during event 2
from 1300 to 1400 suggesting SHADE cattle were laying under the shades during Event 2.
Temperatures and movement were not significantly different between treatments during the
cool event (P = 0.34). During the entire feeding period, ear temperature was greater for cattle
in OPEN compared to SHADE from 1300 to 1800 (P < 0.01) while movement was not different
between the two treatments (P = 0.38). No differences were observed in feedyard performance
due to feeding cattle in pens with shade, but measurements of stress and body temperature
suggest shaded pens result in less heat stress.
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Restricting tylosin phosphate use to the final 34 days on feed: Impact on feedlot
performance, carcass characteristics, and incidence of liver abscesses in steers
H.C. Müller1, L. Horton1, D. F. A. Costa1, R.G. Amachawadi2, H.M. Scott2, and J.S. Drouillard1
1Kansas State Univ., Manhattan, 2 Texas A&M Univ., College Station
Our objective was to determine if use of tylosin phosphate could be restricted to the final phase
of feedlot finishing as a strategy to decrease overall antibiotic use in feedlot cattle. Crossbred
yearling steers (1007 ± 34.4 lb) were assigned to one of three treatments in a randomized
complete block design. Treatments included a negative control without tylosin, a positive
control for which cattle were fed tylosin continuously throughout the 115‐day study, and a
treatment for which tylosin was fed only during the final 34 days on feed, concurrent with use
of ractopamine hydrochloride. Diets contained (DM basis) 60% steam‐flaked corn, 30% wet
corn gluten feed, 8% ground alfalfa, and one of two supplements that provided 0 or 9 g/ton
tylosin and 30 grams/ton monensin. Cattle were implanted with Component TE‐200. After 115
days on feed, pens were weighed and steers were shipped to a commercial abattoir. Liver
abscess scores and hot carcass weights were obtained on the day of harvest, and carcass data
were collected after 36 hours of refrigeration. No differences in liver abscess incidence or
severity were detected among treatments (P > 0.10). Dry matter intakes were less for cattle fed
the diet without tylosin compared to cattle from treatments with tylosin (P < 0.02). No other
performance differences were detected among treatments. Carcass characteristics and total
carcass value were similar among treatments. We conclude that feeding tylosin phosphate
during the final 34‐d of the finishing phase was not effective for decreasing the incidence of
liver abscesses.
No
Continuous Tylosin last
Item
Tylosin
Tylosin
34‐d
SEM
P‐ value
ADG, lb
3.27
3.25
3.19
0.069
0.677
DMI, lb/day
23.35
24.06
24.18
0.236
0.011
Feed:gain
7.13
7.44
7.62
0.165
0.139
Dressed yield, %
62.0
62.9
62.3
0.21
0.512
USDA Choice, %
55.9
60.6
50.2
9.45
0.515
Liver abscesses, %
15.3
10.9
16.1
5.04
0.504
1
Carcass value , $
1592
1632
1599
15.40
0.140
1
Based on 10‐year average of grid discounts and premiums reported by USDA
Evaluation of new Revalor implants on finishing heifer performance C. A. Ohnoutka1, B. M.
Boyd1, R. G. Bondurant1, F. H. Hilscher1, G. I. Crawford2, B. L. Nuttelman2, M. N. Streeter2, M. K.
Luebbe1, J. C. MacDonald1, and G. E. Erickson1, 1Univ. of Nebraska‐Lincoln, 2Merck Animal
Health, DeSoto, KS
Two experiments evaluated the use of new Revalor implants (XH, XR) on finishing heifers fed
for different days on feed. In Exp. 1, 500 heifers (In. BW= 616 ± 42 lb) were blocked by initiation
times and BW blocks within start and assigned randomly to pen (n=50; 10 heifers/pen). Five
implant treatments were evaluated: No implant (CON), Revalor‐XH (XH), Revalor‐200 on d 1,
Revalor‐XR (XR), and Revalor‐200 on d 70. All implants contained 200 mg of TBA and 20 mg E2,
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but timing of release varied across treatments. Heifers were fed an average of 198 d. There
were no differences in DMI (P = 0.22) between all treatments. Implanted heifers had heavier
carcass‐adjusted final BW (P < 0.01), but no differences between implant treatments (P >0.87).
Implanted cattle had greater ADG compared to CON (P = 0.03), which improved carcass‐
adjusted G:F (P < 0.01). Implanted heifers had 25 lb greater HCW (P < 0.01) and lower marbling
scores (P < 0.01) compared to CON, but there were no differences in HCW, dressing percentage,
fat thickness, or marbling score among implant treatments (P > 0.38). Revalor‐XH, Revalor‐XR,
and Revalor‐200 d 70 treatments increased LM area (P < 0.01) compared to Revalor‐200 on d 1
or CON, which translated into a lower calculated yield grade (P = 0.04). Distribution of quality
grade (P = 0.07) and yield grade (P = 0.10) between implanted heifers and CON varied.
Implanting heifers improved ADG, G:F, and HCW compared to CON heifers. While interim
performance varied, the timing of release did not affect heifer performance over the entire
feeding period. In Exp. 2, 720 calf‐fed heifers (In. BW = 618 ± 22 lb) were assigned randomly to
pen (n=72; 10 hd/pen). Treatments were in a 3x4 factorial arrangement with 3 implant
strategies (no implant (CON), Revalor‐200 on d 1 and d 100, Revalor‐XH) and 4 serial harvest
dates (151, 165, 179, 193). There were no (P ≥ 0.26) implant x serial harvest interactions for
performance and carcass characteristics. Dry matter intake was not different among implant
treatments or serial harvest groups (P ≥ 0.11; P = 0.72). Carcass adjusted‐final BW increased
linearly (P < 0.01), while carcass‐adjusted ADG and G:F tended to decrease linearly (P = 0.10) as
DOF increased. There was no difference in dressing percentage (P = 0.49) as DOF increased and
LM area tended to increase linearly as DOF increased (P = 0.09). Fat depth, marbling score and
yield grade increased linearly (P < 0.01) as DOF increased. Heifers implanted with REV‐200 or
REV‐XH had greater (P ≤ 0.05) carcass‐adjusted final BW and ADG compared to CON (P < 0.01)
but were not different between implants (P ≥ 0.55). Implanted heifers were more efficient than
CON heifers (P = 0.05). Implanted heifers had 26 lb greater HCW compared to CON heifers (P <
0.01). Marbling score was greater (P < 0.01) for CON compared to REV‐200 and REV‐XH and
REV‐XH tended to have a greater marbling score (P = 0.10) than REV‐200. No differences were
observed between Revalor‐XH and an implant strategy using Revalor‐200 on day 1 and day 100.
Implanting and increasing DOF substantially increase HCW but increasing initial implant dosage
did not result in a performance advantage when heifers were fed for varying DOF.
Effects of kernel processing corn silage with and without the brown midrib trait at increasing
inclusion on the digestibility and finishing performance of steers L. A. Ovinge, F.H. Hilscher,
C.J. Bittner, B.M. Boyd, J.C. MacDonald, H.C. Wilson, T.J. Klopfenstein, G.E. Erickson, J.N.
Anderson, Univ. of Nebraska, Lincoln
Two finishing and one metabolism experiment were conducted to evaluate the effect of kernel
processing on brown midrib corn silage under varying inclusion levels in the diet. Steers used in
Exp. 1(n=360, 882 ± 11.8 lb) and Exp. 2 (n = 6, 1142 ± 88 lb) were arranged in a 2 × 3 factorial
design for factor of a 3 corn silage hybrids fed at 40% of diet DM [standard control (CON; hybrid
TMF2H708), a brown midrib hybrid (bm3; hybrid F1557952) or a brown midrib with a floury
endosperm (bm3‐EXP; hybrid F15578XT], that were kernel processed or not during harvest.
Exp. 2 was a 6×6 Latin Square digestion trial (21‐d periods; 14d adaptation, 7d collection).
Apparent total tract nutrient digestibility and ruminal pH parameters were assessed when fed
the three corn silage hybrids that had been kernel processed or not. In Exp. 1, feeding either
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bm3 or bm3‐EXP hybrids increased DMI and ADG over the CON hybrid (P < 0.01). Steers fed
CON had the highest F:G (7.58, P < 0.03), whereas bm3 and bm3‐EXP were more efficient (7.25
and 7.19, respectively; P = 0.88). The bm3‐EXP hybrid had the greatest HCW over the CON
steers (P = 0.04), with bm3 steers being intermediate (P = 0.75). Kernel processing decreased
DMI (P = 0.04) with no difference in ADG (P = 0.93), resulting in a lower F:G by 2.9% at 40%
inclusion in the diet. Improvement of the silage due to kernel processing was 7.3% (2.9/40). In
Exp. 2, NDF digestibility were affected by silage hybrid, with bm3 and bm3‐EXP having similar
NDF digestibility (54.4 and 58.2%, respectively) but greater than CON (45.5%, P < 0.01).
Digestibility of ADF was greater for bm3 and bm3‐EXP (54.2% and 55.9%, respectively), versus
47.58% for CON. Kernel processing, despite improving performance in the finishing trial did not
affect any digestibility parameters (P > 0.49). Exp. 3 was another 2 × 3 factorial design, utilizing
brown midrib corn silage (bm3; hybrid F27F627) and a control hybrid (CON; hybrid TMF2H708),
fed at three inclusion levels, 15% and 45% for the entirety of the trial and a third fed 75% for
the first 70 days and adapted to the 15% diet for the final 113 days, in order to mimic silage
inclusion of the 45% diet. Cattle (n = 288, BW 701±6.6 lb) were ultrasounded twice with the
intent to be finished at a common backfat of 0.55 in. Cattle on the 15% diet finished earlier and
were slaughtered at 153 days, while those fed 45 and 75/15% diets were slaughtered on day
181. Cattle fed 45 and 75/15% inclusion of silage had similar ADG (P = 0.09), which was lower
than those fed 15% corn silage diet (P < 0.01). Cattle fed 45% and 75/15% diet had greater (P <
0.05) HCW and FBW than the 15% group. Backfat thickness was greatest for steers fed 45%
(0.59 in), over 15% (0.51 in), with 75% (0.55 in) being intermediate (P < 0.01). Cattle fed diets
that included bm3 had greater DMI (P = 0.02), as observed in the kernel processing feedlot trial,
but this did not translate to an observable change in ADG or F:G. Feeding bm3 corn silage in the
diet at higher inclusion levels appeared to benefit animals through improved fiber digestibility,
resulting in increased energy available to the growing animal. Including corn silage in the diet at
75% for the first half of the feeding period and followed by 15% for the second half is
comparable to feeding 45% for the duration. Increasing corn silage inclusion in the diet may
allow producers to grow animals longer and larger, without negative effect on yield grade.
Effect of a combination of live yeast and yeast cell wall products supplemented before and
after weaning on heifer growth performance, immune function, and heat stress E. A. Palmer¹,
E. B. Kegley¹, P. A. Beck², J. J. Ball¹, J. E. Koltes³, S. K. Chewning¹, J. A. Hornsby¹, J. L. Reynolds¹, B.
P. Shoulders¹, M. D. Cravey⁴, and J. G. Powell¹, ¹Univ. of Arkansas, Fayetteville,
²Univ. of Arkansas, Southwest Research and Extension Center, Hope, ³Iowa State Univ., Ames,
⁴Phileo Lesaffre Animal Care, Milwaukee, WI
Heifer calves (n = 95; initial BW = 165 ± 27 kg) were used to evaluate the effects of a
combination of yeast products fed prior to weaning and through a backgrounding period. Heifer
calves were stratified based on BW, birthdate, sire, and dam parity; and were assigned
randomly to pasture (10 pastures, 9 or 10 cow‐calf pairs/pasture). Pastures were assigned
randomly to 1 of 2 treatments: 1) no yeast (CON), or 2) addition of yeast product (YP). Calves
were offered a 5% salt limiting creep‐feed at 0.5% of BW for 35 d prior to weaning. The YP
creep‐feed was formulated to provide 4 g YP/d (Phileo Lesaffre Animal Care, Milwaukee, WI).
After weaning, heifers remained in their pre‐weaning groups and had ad libitum access to
forage and fed 1.8 kg/d of a grain supplement for 42 d; YP continued to provide 4 g of YP/d.
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Body weights were collected on d ‐1, 0, 21, 35, 49, 63, 76, and 77. A subsample of calves (3
calves/pasture) were fitted with vaginal temperature probes for 2‐wk periods pre‐ and post‐
weaning. Daily water intake was recorded on 8 pens (4 pens/treatment) during backgrounding.
Blood was collected for serum haptoglobin concentration and complete blood cell analyses on
d ‐1, 35, 49, and 76. Blood collected on d 35 and 76 was analyzed by flow cytometry to
determine phagocytic activity. Average daily gain prior to weaning was not different (P ≥ 0.45)
between treatments. However, CON had an increased (P = 0.01) ADG compared to YP from
weaning to the end of the backgrounding period. Temperatures were not affected by treatment
before weaning (P =0.31) nor after weaning (P = 0.37). Dry matter intake was not affected (P =
0.41) between CON and YP during the 35‐d creep‐feeding period. Water intake during the 42‐d
backgrounding period was not impacted (P = 0.49). A treatment effect (P = 0.32) was not
observed for white blood cell concentrations between CON and YP. Furthermore, there was no
difference (P = 0.13) in the neutrophil to lymphocyte ratio. Serum haptoglobin concentrations
were not affected (P = 0.15) by the addition of YP in the diet; however, there was a day effect (P
< 0.01). Furthermore, the percentages of cells that were positive for phagocytic activity were
not different (P = 0.97). In summary, heifer calf growth performance, immune function, and
heat tolerance were not affected by YP supplementation.
Application of Partial Least Squares regression to predict feed efficiency based on feeding
behavior patterns in beef cattle I.L. Parsons, G.E. Carstens, J.R. Johnson, W.C. Kayser, C.A.
Olson, Texas A&M Univ., College Station
Feed expenses remain the largest driver of input costs in the beef industry, thus, increasing the
genetic merit of beef cattle efficiency is an effective strategy to improve the economic and
environmental sustainability of beef production. Residual feed intake (RFI), is a measure of feed
efficiency independent of performance and BW, whereby feed‐efficient animals consume less
DMI than expected. Numerous studies have documented that cattle with divergent RFI
phenotypes have distinctly different feeding behavior (FB) patterns (Lancaster et al., 2009),
demonstrating their potential as bio‐markers to predict feed efficiency. However, because FB
traits are highly correlated, the use of multiple linear regression to create prediction equations
is limited. Partial least squares (PLS) regression is designed to create prediction equations using
multivariate data with collinearity among independent variables, making it an attractive
analysis technique for analysis of FB data. Objectives of this study were to examine the
associations between RFI and FB patterns in finishing beef steers and heifers, and evaluate the
variation in RFI explained by FB traits using PLS regression methods. Two studies were
conducted; study 1 was comprised of 3 trials using Angus, Braford, Brangus and Simbrah heifers
(N = 411) and study 2 comprised of 3 trials with composite Angus steers (N = 508). Cattle were
fed a high‐grain diet in pens equipped with electronic feed bunks (GrowSafe® System).
Individual dry matter intake (DMI), FB traits, and 14‐d BW were measured for 70‐d, and RFI
calculated as the residual from the regression of DMI on ADG and BW0.75. Cattle were ranked by
RFI and assigned to 1 of 3 RFI classes based on ± 0.5 SD from the mean RFI. For each animal, 17
FB traits were evaluated: frequency and duration of bunk visit (BV) and meal events, head‐
down (HD) duration, time‐to‐bunk (TTB) interval, maximum non‐feeding interval, and
corresponding day‐to‐day variation (SD) of these traits. Additionally, 3 ratio traits were
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considered: BV frequency per meal event, HD duration per meal event and HD duration per BV
event. For each study, data analysis was conducted using a mixed‐model (SAS 9.4) that included
fixed effects of RFI class, trial and pen within trial. Feed‐efficient cattle consumed 16% and 20%
less DMI for steers and heifers, respectively, while ADG and BW did not differ from high‐RFI
animals. Compared to high‐RFI steers, low‐RFI steers had 18% fewer and 24% shorter BV events
and 11% fewer meal events that that were 13% shorter (P < 0.01) in length. Feed‐efficient
heifers had 15% fewer BV and 29% shorter BV events that resulted in meals that were 20%
shorter (P < 0.01) in length. Compared to high‐RFI animals, feed‐efficient steers and heifers
exhibited 10% and 18% less day‐to‐day variation in DMI, respectively, as well as 11 to 33% less
day‐today variance (P < 0.05) in BV frequency and duration, meal frequency and duration and
time to bunk. Low‐RFI heifers and steers had 33 and 9% longer time to bunk compared to their
inefficient counterparts. Partial least squares analysis identified 14 and 9 feeding behavior traits
to explain 44% and 42% of the variation in RFI for heifers and steers, respectively. These results
demonstrate that feed‐efficient animals spend less time eating, visit the bunk less frequently,
and have more consistent day‐to‐day FB patterns compared to less‐efficient cattle. Further,
these results demonstrate that FB traits may serve as a useful bio‐marker to identify cattle that
are more biologically efficient.
Effect of exercise on calf productivity, health and behavior Emily E. Ridge1, Amanda J.
Mathias1, Ron Gill2, Tryon A. Wickersham1, Jason E. Sawyer1 and Courtney L. Daigle1, 1Texas
A&M Univ., 2Texas A&M Agrilife Extension, College Station
Brahman‐crossbred calves (n = 688) were exercised during the receiving period to examine
effect of exercise on cattle productivity, health, and behavior. Cattle were shipped in the fall to
a commercial feedyard in South Texas, sorted into 6 single‐sex pens, and pens were randomly
assigned to an exercise treatment within sex blocks. Pens were allocated into one of three
treatment groups: 1) programmatic exercise (PRO; cattle moved to drive alley and encouraged
to maintain a movement for 20 min), 2) free exercise (FREE; cattle moved to drive alley, and
were then allowed free movement without access to the pen for 60 min) or 3) no exercise
(CON). Treatments were applied (n = 12 sessions; 3 sessions/wk) across a 35 d period, between
0700 and 1000 at least 1 h post feed delivery. Behavioral observations were conducted weekly,
prior to treatment implementation and on days that calves were not exercised, using 10‐min
instantaneous scan sampling. Data were analyzed as a randomized complete block design with
pen as the experimental unit. Gain to feed ratio (P = 0.59; 0.16, 0.14, and 0.15 for CON, PRO,
and FREE, respectively) and mortality rate (P = 0.85; 1.5, 1.4, and 2.1 % for CON, PRO, and FREE,
respectively) did not differ among treatments. Cattle assigned to CON had greater ADG (1.52
kg/d) than FREE or PRO (1.43 and 1.39 kg/d, respectively; P = 0.03), and FREE exercised cattle
tended (P = 0.07) to have greater ADG than PRO. Percentage of calves treated for respiratory
disease did not differ among treatments (P = 0.38; 19.1, 34.2, and 32.6 % for CON, PRO, and
FREE, respectively). Behavioral data were evaluated as repeated measures. Across treatments,
calves spent more time lying (P = 0.04) and resting (P < 0.01), and less time feeding (P = 0.03),
drinking (P = 0.01), ruminating (P < 0. 01) and walking (P < 0. 01) as the receiving period
progressed. Exercise treatments did not compromise feed efficiency or cattle behavior;
however, exercised cattle had lower ADG. These results suggest that exercise reduces receiving
period gains without improving animal health or altering behaviors.
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Biological responses to non‐coated and coated steroidal implants containing equal doses of
trenbolone acetate and estradiol benzoate in beef steers Z. K. Smith, J. O. Baggerman, J. Kim,
K. B. Wellmann, and B. J. Johnson, Texas Tech Univ., Lubbock
Predominately Angus steers (n = 24; initial BW = 958 ± 62.5 lbs.) were used in a feedlot
experiment to evaluate the effects non‐coated and coated implants (Zoetis, Florham Park, NJ)
containing equal doses and ratios of trenbolone acetate (TBA) and estradiol benzoate (EB) have
on biological responses in finishing steers fed 140 d. Steers were blocked by BW into light (911
± 42.8 lbs.) and heavy (1006 ± 38.3 lbs.) blocks (n = 12 steers/BW block). Steers were then
assigned to pens within block (n = 4 steers/pen). Implant was assigned to pen within each block,
resulting in two pen replicates per implant. Treatments included a negative control (NI), non‐
coated implant (NC; 200 mg TBA and 28 mg EB, Synovex‐PLUS), and coated implant (CI; 200 mg
TBA and 28 mg EB, Synovex‐One Feedlot). Longissimus muscle (LM) biopsies, blood, and BW
were collected prior to feeding on d 0, 14, 28, 56, 84, 112, and 133 relative to implanting; d 140
BW was collected prior to shipping. Real‐time qPCR was used to measure androgen receptor
(AR), estrogen receptor‐α (ER‐α), G‐protein coupled receptor 30 (GPR30), IGF‐I, and IGF‐I
receptor (IGF‐IR) mRNA expression in LM biopsies. Blood was harvested as sera for
determination of estradiol‐17β (E2), IGF‐I, 17β‐trenbolone (TbOH), and urea‐N (SUN). Gene
expression and sera data were analyzed as repeated measures using the MIXED procedure of
SAS 9.4 (SAS Inst. Inc., Cary, NC). Day was included as the repeated variable, and steer served as
the experimental unit (n = 8 steers/implant). Cumulative performance and carcass data were
analyzed with the GLIMMIX procedure of SAS using pen as the experimental unit (n = 2
pens/implant). An α of 0.10 determined significance. Gain and carcass data were tabulated and
analyzed to provide context to biological responses. No differences (P ≥ 0.20) were detected for
cumulative performance or carcass traits; however, implants improved cumulative ADG by 19%,
DMI by 6%, and F:G by 13% compared to NI. The use of implants increased HCW and REA by 9%
over NI, and NC had increased (P < 0.10) final BW adjusted to 28% EBF over NI, while CI was
intermediate, not differing (P > 0.10) from others. No implant × day interaction was detected (P
≥ 0.20) for mRNA expression of any genes. There were no differences (P > 0.20) detected for
AR, ER‐α, or IGF‐IR between treatments. The main effect of implant impacted (P < 0.10)
expression of GPR30 in LM biopsies. Steers in CI had increased (P < 0.10) expression of GPR30
by 63% over NI and 29% over NC (0.29, 0.36, and 0.47 ± 0.027 arbitrary units for NI, NC, and CI,
respectively). The main effect of implant altered (P < 0.10) local IGF‐I in LM biopsies. Steers in CI
had greater (P < 0.10) IGF‐I in LM tissue by 43% over NI, while NC was intermediate (P > 0.10;
0.24, 0.28, and 0.34 ± 0.020 arbitrary units for NI, NC, and CI, respectively). An implant × day
interaction (P ≤ 0.10) was noted for circulating E2, IGF‐I, and SUN. Implanted steers had
elevated (P < 0.10) sera E2, IGF‐I and decreased (P < 0.10) SUN compared to NI. There tended (P
= 0.12) to be an implant × day interaction for sera 17β‐TbOH. Steers in NC had greater (P < 0.10)
sera 17β‐TbOH on d 28, 56, and 112 over NI; CI was intermediate, not differing (P > 0.10) from
others. On d 133, CI had greater (P < 0.10) 17β‐TbOH in sera than NI and NC. These data
indicated that differing payout from NC and CI implants does not influence gene expression of
classical hormone receptors or IGF‐IR. Coated implants alter GPR30 in LM tissue, increasing the
expression of IGF‐I in LM. Locally produced IGF‐I in LM is critical for both proliferation and
differentiation of satellite cells needed to support skeletal muscle hypertrophy; CI have the
potential to further enhance lean tissue accretion in beef steers.
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Oral hydration therapy affects health, performance, rumination behavior, rumen pH, and
rumen temperature in high risk, newly received beef calves Dexter J. Tomczak1, Kendall L.
Samuelson1, Jenny S. Jennings2, and John T. Richeson1,1West Texas A&M Univ., Canyon,
2
Texas A&M AgriLife Research, Amarillo
The study objectives were to evaluate the impact of oral hydration therapy during initial
processing on calf health and performance and determine the effect of hydration therapy and
bovine respiratory disease (BRD) on rumination behavior and rumen pH and temperature.
Three truckload blocks of high risk, auction‐sourced bull (n=242) and steer (n=55) calves (initial
BW=416 ± 42 lb) were used during a 56‐day receiving period. Prior to shipment (day ‐1), a
subset (n=20/block) were fitted with a 3‐axis accelerometer collar to quantify rumination time
and activity index, and administered a data logging bolus to record rumen pH and temperature.
At arrival (day 0), calves were randomized to receive 0.57 L water/100 lb BW from a modified
oral drenching apparatus (H2O) or no water administration (CON) and sorted into treatment
pens (n=15/treatment; 10 animals/pen). Standard arrival processing procedures were
implemented and bulls were surgically castrated and administered meloxicam on day 0;
whereas, modified‐live virus respiratory vaccination was delayed until day 28. Treatment‐
blinded technicians evaluated calves daily and assigned a clinical illness score (CIS) for BRD;
those with CIS ≥2 and rectal temperature ≥104°F were considered a BRD case and treated with
an antimicrobial. Interim BW was recorded and residual feed was collected every 14 days.
Repeated measures data evaluated were analyzed for fixed effects of H2O vs. CON and BRD
cases (n=12) vs. non‐treated cohorts (n=21; RCON). Final BW (565.6 vs. 547.7 lb) and overall
ADG (2.63 vs. 2.36 lb/day) tended (P=0.08) to increase and DMI for day 42 to 56 (16.61 vs.
15.08 lb/day) was greater (P<0.01) for H2O vs. CON. However, BRD‐associated mortality was
greater (P=0.05) in H2O (8.1%) vs. CON (2.7%). Daily rumen temperature was altered (P=0.04)
such that peak rumen temperature occurred earlier for H2O; whereas, CON had increased
rumen temperature following delayed vaccination on day 28. Calves diagnosed with BRD had
decreased (P<0.01) rumination time between 2000 and 0400 hours, greater (P<0.01) rumen
temperature until delayed vaccination on day 28, greater (P<0.01) hourly rumen temperature
between 0900 and 0300, transiently decreased (P=0.04) activity index between day 9 and 32,
decreased (P<0.01) activity index between 0800 and 2000, and altered (P<0.01) rumen pH.
Increased performance and DMI was observed for H2O; however, health outcomes were not
improved. Earlier peak rumen temperature observed in H2O may indicate physiological
modification enabling a more pronounced inflammatory response, which is supported by the
numerical increase in BRD morbidity observed for H2O. Differences in rumination behavior and
activity index between BRD and RCON are potential tools for early detection of BRD.
Evaluation of the efficacy of a feed supplement (BeefAbate) in attenuating the effects of heat
stress on growing steers Mathew Vander Poel1, Yao Xiao1, Benjamin Renquist1, Ashley Wright1,
Robert Collier1, Devan Compart2, and Duarte Diaz1, 1Univ. of Arizona, Tucson, 2PMI Nutrition
Additives, Arden Hills MN
Heat stress (HS) is a prominent issue globally, especially in the Southwestern United States, on
feedlots where cattle are exposed to radiant heat and have reduced mechanisms to cool
themselves. Feed supplements, such as BeefAbate (BA), are commercialized to help mitigate
the effects of hyperthermia on growth development by improving metabolic and immune
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functions. Twelve crossbred Hereford steers (250 ± 100 kg) were randomly assigned to one of
two dietary groups: control group (CON) received 56.7 g of placebo/hd/day; the feed additive
group (FA) received 56.7 g of BA/hd/day. Steers were randomly assigned to one of two tie stall
rooms with 6 steers per room and 3 steers per treatment/room. Rooms were exposed to
cyclical daily temperature humidity index (THI) of 70 ‐ 81 and 27 – 39 for heat‐stress (HT) and
the thermoneutral (TN) rooms respectively for a total of 15 days. To account for confounding
alterations in HS‐associated changes in feed intake, each TN steer was pair‐fed daily to the
intake level of its HS weight‐paired cohort with the adjustment to feed offered to TN steers
made 24 h after the intakes of HS steers were measured. Blood samples were collected twice
daily via indwelling jugular catheter at 700 and 1500 h. Serum BHBA, glucose, cortisol,
triacylglycerides (TAG), non‐esterified fatty acids (NEFA), and insulin were analyzed twice daily.
Respiration rate, rectal temperature, and skin temperature were measured daily at 1500 h.
Average daily water consumption and average daily weight gain were calculated at the end of
the experimental period. Heat stress increased water consumption (p<0.001), respiration rate
(p<0.001), and skin temperature (p<0.001) and tended to increase rectal temperature (p<0.06).
Supplementation with BA tended to reduced rectal temperatures (p<0.06) in heat stressed
cattle. Exposure to heat stress lowered serum glucose (p<0.01) and insulin (p<0.01) while
increasing NEFAS (p<0.01) and TAG (P<0.01). Supplementation with BA lowered TAG (p<0.05)
and glucose (p<0.05). Heat stress and BA supplementation had no effect on serum cortisol
levels. Results of this study suggest that heat stress exposure for 15 days had performance and
metabolic impacts in crossbred Hereford steers. Supplementation with the dietary feed additive
BA alleviated some of the daily metabolic effects associated with heat exposure.
Effects of Blended Microbial Feed Additives on Receiving Cattle Performance and Health
A. VanDerWal1, J. Zeltwanger1, D. M. Paulus Compart2, A. DiCostanzo1, 1Univ. of Minnesota,
Saint Paul, 2PMI Nutrition Additives, Arden Hills MN
One of the most difficult challenges in the feedlot is the management of cattle during the
receiving period. These challenges are often linked to reductions in DMI by cattle during the
first 3 weeks after arrival. The objective of this study was to evaluate effects of feeding a pre‐
and probiotic blend or a DFM/prebiotic blend on health and performance response by
crossbred cattle within a 49‐d receiving period. Ninety‐four Angus crossbred (Ranch 1) steers
(n=61; average BW + 26 lb) and heifers (n= 33; Average BW 540 + 30 lb) and 89 Red Angus
crossbred (Ranch 2) steers (average BW 581 + 24 lb) were randomly allocated to one of 15 pens
within ranch and feedlot location. Cattle were fed once daily for 49 d, orts were collected and
weighted prior to feeding. Additives were incorporated daily into the total mixed ration in the
form of a premix using dried distillers grains with solubles. Performance data were analyzed
using the MIXED procedure of SAS with pen and sex as random effects. Morbidity data were
analyzed using PROC GLIMMIX of SAS. By day 7, cattle fed either additive tended (P < 0.10) to
have greater DMI; this effect did not persist past 7 d. Cattle fed microbial additives had heavier
(P< 0.003) BW by day 28 and 49. Cattle fed either microbial additive had greater ADG (P <
0.003) and required less feed per unit gain (P < 0.03). Fewer (P = 0.001) cattle fed microbial
additives were treated for BRD. Feeding either the prebiotic/probiotic blend or a DFM/prebiotic
blend reduced morbidity and improved cattle performance during a 49‐d receiving period.

135

Effects of Ruminally‐protected Lysine on Performance and Carcass Characteristics of Feedlot
Cattle V. A. Veloso1, C. L. Van Bibber‐Krueger1, L. M. Horton1, H. C. Müller1, K. K. Karges2, and J.
S. Drouillard1, 1Kansas State Univ., Manhattan, and 2H.J. Baker and Bro., Inc., Little Rock, AR
Two experiments were conducted to evaluate the impact of supplementing ruminally‐protected
lysine (RPLys) to growing and finishing cattle. In experiment 1, 448 crossbred heifers (633 ± 31
lb initial BW) were used to assess growth response of backgrounding cattle fed RPLys. The basal
diet consisted of (DM basis) 45% brome hay, 25% steam‐flaked corn, 25% wet corn gluten feed,
and supplement. Treatments consisted of dietary additions of 0, 0.033, 0.066, or 0.099 lb/d of
RPLys. Heifers were blocked by initial BW and randomly allocated to 64 pens containing 7
heifers/pen (16 pens/treatment). Animals were fed ad libitum once daily for 112 days. At the
end of the 112‐day backgrounding period, a subset of 12 blocks were consolidated, such that 2
pens from each backgrounding treatment were combined to make one finishing pen. Cattle
were weighed, relocated to finishing pens, and fed a common finishing diet (no supplemental
lysine) for 95 days until harvest to evaluate carryover effects of RPLys fed during backgrounding
phase. In experiment 2, 384 crossbred steers (909 ± 64 lb initial BW) were used to evaluate
effects of RPLys on performance and carcass characteristics. The basal diet consisted of (DM
basis) 68.9% steam‐flaked corn, 20% wet corn gluten feed, 7% alfalfa hay, and supplement.
Treatments consisted of dietary additions of 0, 0.044, 0.088, or 0.132 lb/day of RPLys during the
last 42 days on feed when all cattle were supplemented with Optaflexx (Elanco Animal Health).
Steers were blocked by BW, randomly allocated to one of 64 pens with 6 steers/pen (16
pens/treatment). Animals were fed ad libitum, once daily for 112 days. At the end of both trials,
cattle were weighed and transported to a commercial abattoir for harvest. Incidence of liver
abscess and HCW were collected the day of harvest, and carcass traits were evaluated following
36 hours of refrigeration. RPLys linearly improved feed:gain (P < 0.01) of backgrounding cattle,
with 7.56, 7.16, 7.18 and 6.93 for animals fed 0, 0.033, 0.066 and 0.099 lb/day of RPLys,
respectively. Feeding RPLys during backgrounding phase did not affect performance during the
subsequent finishing phase. In experiment 2, when RPLys was fed during Optaflexx
administration, there were no effects (P > 0.45) on ADG, feed intake, or feed efficiency; but
cattle fed RPLys had greater incidence of liver abscesses (P < 0.05; 28.3, 39.0, 46.9 and 39.4%
for cattle fed 0, 0.044, 0.088 and 0.132 lb/day of RPLys, respectively). Feeding ruminally‐
protected lysine improved performance during the backgrounding phase, but no benefits were
observed when lysine was supplemented in conjunction to beta agonist late in the finishing
phase.
Evaluation of methane production manipulated by level of intake in growing cattle and corn
oil in finishing cattle T.M. Winders, B.M. Boyd, F. H. Hilscher, R. R. Stowell, S. C. Fernando, and
G. E. Erickson, Univ. of Nebraska, Lincoln
Crossbred steers (n=80; initial BW = 274 kg, SD = 21) were used to evaluate the effect of intake
on CH4 production in growing steers. Two treatments with 4 pens per treatment (10
steers/pen) were evaluated in a generalized randomized block designed experiment, with
weight as blocks. Treatments included feeding the same diet at two levels: ad‐libitum or limit‐
fed at 75% of ad libitum. The diet consisted of 45% alfalfa, 30% sorghum silage, 22% modified
distillers grains plus solubles and supplement at 3% on a DM basis. This trial was followed by a
finishing trial (n=80; initial BW = 369 kg; SD = 25) to evaluate the effects of adding dietary corn
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oil on CH4 production. Two treatments with four pens per treatment (10 steers/pen) were used
in a randomized complete block designed experiment with four BW blocks. The treatments
consisted of a control diet (CON) containing 66% corn, 15% wet distillers grains plus solubles,
15% corn silage, and 4% supplement. The corn oil treatment (OIL) displaced corn by adding 3%
corn oil. Methane was collected in 2 pen‐scale chambers (pens) by collecting air samples
continuously from pens by rotating every 6 minutes with an ambient sample taken between
pen measurements. Steers fed ad‐libitum gained more weight and ate more feed by design (P <
0.01) compared to limit‐fed cattle; however, efficiency of feed utilization was not different
between treatments (P = 0.38). Cattle fed ad‐libitum produced 156 g/d of CH4, which was
greater (P < 0.01) than limit‐fed cattle (123 g/steer daily). In the finishing phase, body weight,
gains, and carcass traits were not impacted by treatment (P > 0.14). Efficiency of feed use (P
=0.02) improved because intakes decreased (P = 0.03) by feeding OIL compared to CON. Daily
CH4 production was lower (P = 0.02) for the OIL fed cattle (112 g/steer daily) compared to the
CON fed cattle (132 g/ steer daily) and there was a treatment by sampling period interaction (P
= 0.02) due to magnitude of differences between OIL and CON across time. Methane was
reduced (P < 0.01) for the OIL fed cattle by 17.2% when analyzed as CH4 g/kg of ADG. Feeding
corn oil at 3% of diet DM reduced enteric CH4 production by 15.2% which was partially due to a
3.4% decrease in DMI.
Effects of feeding a moderate energy diet to coincide with initial release of 80 mg trenbolone
acetate and 16 mg estradiol in a long‐acting implant (Revalor‐XS) on feedlot performance
J. Zeltwanger and A. DiCostanzo, Univ.of Minnesota, St. Paul
It was hypothesized that release of initial 80 mg trenbolone acetate and 16 mg estradiol from
Revalor‐XS implant would complement effects of feeding a moderate energy diet for a short
period without negative impacts on carcass quality. One‐hundred ninety crossbred steers (777
± 66 lb) were utilized in a generalized randomized block design experiment to determine the
effect of a short‐term, moderate‐energy feeding phase in steers implanted with Revalor‐XS on
performance and carcass traits. Treatments consisted of feeding a moderate‐energy diet for 63
d (within Revalor‐IS delivery window) before transitioning to a high‐energy diet (MdE; 58 NEg
Mcal/cwt) during finishing or feeding a high‐energy throughout the feeding period (HiE; 64 NEg
Mcal/cwt). Steers were initially blocked by weight and randomly allocated to 30 pens. Pens (n
= 15) were randomly allocated to treatments. This resulted in heavier initial BW for MdE steers
(785 vs 769 lb). Subsequently, initial BW was used as a covariate instead of weight block.
Steers were marketed when they were considered to have > 0.5 inches of fat cover as
appraised visually. Days on feed during finishing (113 d) or total days on feed (176 d) did not
differ (P > 0.10). As expected, daily DMI and total DMI during the first 63 d were greater (P <
0.01) for steers fed MdE. A trend for greater DMI (P < 0.10) was observed during finishing for
steers fed MdE. These differences led to steers fed MdE to have greater daily DMI (P < 0.01)
during the entire feeding period. However, these differences were not reflected by total DMI
during finishing or the entire feeding period. Total concentrate (defined as 100 – corn silage
concentration) intake by cattle fed MdE was lower (P < 0.01). Rate of gain and feed conversion
derived from live final BW or carcass‐adjusted final BW were not affected (P > 0.10) by
treatment. Because rate of gain was not affected by MdE, BW or final BW (live or carcass‐
adjusted) was not different (P > 0.10). Carcasses of steers fed MdE had lower marbling scores

137

(P < 0.05). This led to a trend (P < 0.10) for greater incidence of Select and lower incidence of
premium Choice carcasses. Feeding a moderate‐energy diet during a short time before
transitioning to finishing in steers implanted with Revalor‐XS led to similar feedlot performance
albeit with lower reliance on concentrate feed ingredients. However, this advantage may be
offset by reductions in carcass quality.
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Plains Nutrition Council Legends of Feedlot Nutrition
Purpose of award
Honor, recognize, and memorialize those who have significantly contributed to and who have
had a profound and lasting impact on the feedlot industry as it relates to innovation,
leadership, advancement, service, and education in the area of feedlot nutrition.
Categories
Honorees are selected from three categories for their contributions to the feedlot industry‐
Consultant
Academia/Extension
Allied Industry

WELCOME THE CLASS OF 2018
Plains Nutrition Council Legends of Feedlot Nutrition Past Honorees
CONSULTANTS
A.D. "Bub" Burson

ACADEMIA/EXTENSION
Donald R. Gill
Terry J Klopfenstein
PAST HONOREES

2016 Inaugural Class of the Plains Nutrition Council Legends of Feedlot Nutrition
CONSULTANTS
ACADEMIA/EXTENSION
John (Jack) William Algeo
Edward Wise Burroughs
James Davis (J. D.) Aughtry
Richard Douglas Goodrich
Jerrold Ross Cooley
William Harris Hale
C. J. (Jim) Elam
Glen Pher Lofgreen
Kenneth S. Eng
John K. Matsushima
Eugene Stanley (E.S.; Gene) Erwin
James (Jim) Curran Nofziger
William (Bill) Kenneth Roberts

2017 Class of the Plains Nutrition Council Legends of Feedlot Nutrition
CONSULTANTS
ACADEMIA/EXTENSION
ALLIED INDUSTRY
Richard "Dale" Furr
Irwin Dyer
Dean Hodge
Mel Karr
Marion Ensminger
Arthur (Art) P. Raun
Hollis Klett
William (Bill) N. Garrett
Leo F. Richardson
Jack E. Martin
Fredric N. Owens
Rodney L. Preston
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Class of 2018

Legends of Feedlot Nutrition ‐ Consultant
Alva D. (Bub) Burson, M.S.

Bub Burson was born in 1940 and raised on a sheep and cattle ranch in Coke County, TX. He has
been a well‐known and well‐respected figure in the cattle feeding industry for 47 years (and
counting) and a member of the Plains Nutrition Council since 1993.
Bub is a product of the Robert Lee Independent School District, where he was active in student
government, sports and FFA – he was awarded the Lone Star Farmer award, the highest degree
a member can receive at the state level.
Bub married Carol Ann Sherrod in 1962 and with Carol working to put him through school he
completed his college education at Texas Technological College (now Texas Tech University),
earning a BS degree in Animal Science and a MS degree in Animal Science, with a major in
reproductive physiology and a minor in animal nutrition. Bub and Carol have four children:
Sherry (Ham), Pam (Stevens), Vicki (Lopez), and Gary, all of whom are college graduates.
Bub’s professional animal nutrition career began in 1971 when he joined Farr Better Feeds in
Garden City, KS, as a Sales Nutritionist and he remained in Garden City with Farr (later Cargill) in
various capacities for 23 years. As a Sales Nutritionist, Bub consulted directly with feedyards,
primarily in western Kansas and eastern Colorado, where he earned a significant and well‐
deserved reputation as capable, reliable and trustworthy feedlot nutritionist. In addition to his
own nutrition work, and in support of Farr’s supplement manufacturing business, Bub also
worked closely with independent consulting nutritionists formulating and bidding feedlot
supplements to their specifications for client yards in the region. In that capacity Bub’s
attention to detail, commitment to doing things the right way, his direct, steady, congenial
manner, and feedyard visits representing both the interests of Farr and the consultant resulted
in consultants placing considerable trust in both Bub and in his company, and considering him
to be a real team player. In those instances where there was competition, either for the
consulting or the supplement business, Bub was characterized as being a tough, but ethical and
fair competitor who was always able to maintain friendly and cordial relationships.
For a time in addition to his consulting duties, Bub served as the Kansas Regional Manager for
Farr Better Feeds, and in that capacity was responsible for all plant functions and financials and
oversaw activities of four sales nutritionists and seventeen plant employees. Bub was once
named Regional Manager of the Year, and the Garden City plant was recognized as the
Outstanding Plant of the Year within the Farr organization. Bub takes considerable pride in the
number of young people he was able to hire and mentor at Farr Better Feeds and in their
subsequent success in the feed and feedlot industries.
After leaving Farr Better Feeds, Bub and Carol relocated to Kerrville, TX, where they still reside,
and Bub continued his feedlot nutrition consulting with yards in south Texas, first with
Moormans (later ADM Nutrition) and at present with his own company ‐ Arrow B Nutrition.
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Class of 2018

Legends of Feedlot Nutrition ‐ Academia/Extension
Donald R. Gill, PhD

A native of Montana, Dr. Gill received BS and MS degrees from Montana State University, later
serving as a county agent in that state. He then studied with Dr. James Oldfield at Oregon State
University, earning a PhD in Animal Nutrition in 1965. After a brief tenure as Extension Farm
Advisor in the Imperial Valley of California, he joined the faculty in Animal Science at Oklahoma
State University in 1966 as Extension Animal Nutritionist.
Focusing on support of beef producers in Oklahoma, and of the cattle feeding industry in the
High Plains, Dr. Gill soon earned a national reputation as a pioneering Extension educator and
leading research scientist. With co‐scientists at Oklahoma State University, he developed
software for predicting performance using the California Net Energy System (rather than TDN),
a program which was the predecessor of many “breakeven” programs used today. With co‐
workers at OSU, Dr. Gill also developed a linear program model for computerized least‐cost
formulation of rations, software widely adopted for commercial applications still in use.
With other OSU scientists, he led research efforts on growth‐promoting implants, factors
affecting beef quality, effects of supplemental vitamin E and other interventions on stressed
newly‐received calves, and the influence of management on the value of high‐moisture corn.
He was the principle advisor for 14 graduate students and author or co‐author of more than
450 publications, the majority of which focused on nutrition and management technologies for
feedlot cattle. Dr. Gill was influential in fund raising for the Willard Sparks Beef Research
Center located near the OSU campus.
Among the educational programs Dr. Gill developed were the popular Cattle Feeders’ Seminars,
the Advanced Cattle Management Seminars and the Cattlemen’s Colleges. A primary force
behind the first national symposium on preconditioning (preprocessing) of calves, he was also
instrumental in organizing numerous other national symposia sponsored or co‐sponsored by
OSU, including high‐moisture corn (1976), protein requirements (1982), feed intake (1986,
1995), implants (1997), grain processing (2006) and preconditioning (1967, 1968).
Dr. Gill was nationally recognized for his contributions and service with the ASAS Extension and
Animal Management Awards, and the USDA Cooperative Extension Superior Service Award. He
was honored on three occasions by the Oklahoma Cattlemen’s Association with its
Distinguished Service Award. He was promoted to Regents Professor by Oklahoma State
University in 1985 and later held the Graduates of Distinction Endowed Professorship.
Dr. Gill retired in 2003, following a stellar 37‐year career at OSU. He resides in Stillwater,
continues to have an abiding interest in the feedlot industry, stays in close contact with
daughters Debbie and Pam, starts the day with the Wall Street Journal, makes annual treks to
enjoy outdoor Montana, can still hit 10 of 12 golf balls at 100 yards with a rifle, and rarely
misses a Cowboys baseball or Cowgirls basketball home game.
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Class of 2018

Legends of Feedlot Nutrition ‐ Academia/Extension
Terry J. Klopfenstein, PhD

Dr. Terry Klopfenstein came to the University of Nebraska‐Lincoln in 1965 on a post‐doc and
was hired onto faculty in 1967. He was promoted to full professor in 1974 within 7 years of
starting. Terry held the Kermit Wagner Professorship at UNL in the Department of Animal
Science from 1989 until his partial retirement in 2006. He has served as President of the
American Society of Animal Science, Midwest Section of ASAS, as well as President of the
Federation of Animal Science Societies. In 2009, Terry received the Morrison Award which is the
highest honor awarded from ASAS, as well as the AFIA Ruminant Nutrition Award in 1981.
Terry grew up in Northwest Ohio and completed all his degrees from The Ohio State University
(B.S. in 1961, M.S in 1963, and Ph.D. in 1965). He has received distinguished alumni awards
from both the College of Agriculture (2005) and Department of Animal Science (1983) at OSU.
Terry has received many awards offered from the University of Nebraska‐Lincoln including
Gamma Sigma Delta Research and Teaching Awards, UNL Excellence in Graduate Education,
Holling Family Teaching Award, and College of Ag teaching award.
Terry was inducted into the Nebraska Agriculture Hall of Achievement in 1994 and received the
Nebraska Agricultural Hall of Achievement Honoree award in 2011.
Terry has advised or co‐advised 206 graduate students. He has served on 100s of other student
committees and mentored 1000s of students. Terry has over 128,000 downloads from the
University of Nebraska‐Lincoln Digital Commons across his 650 publications. He has published
along with his students more than 350 peer reviewed research articles, over 800 Nebraska Beef
Report articles, and more than 700 abstract presentations. Terry’s research areas in beef cattle
systems, protein nutrition, corn byproduct use, forage utilization, and acidosis are well known.
His development of Soypass, a bypass soybean meal treated from a process that he and his
students developed, is the highest earning patent ever developed at the University of Nebraska.
Terry enjoys interacting with students. He developed and has led the feedyard management
internship program since its inception 30 years ago in 1988. 158 students have completed the
internship program.
Terry retired from UNL in 2014 but continues to work daily on mentoring students and faculty
and in research programs related to the Eng Cow project and protein nutrition, and is still
teaching/coordinating the internship program at UNL.
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