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The outlook for corn markets: too much or not enough?
Patrick Westhoffl
Food and Agricultural Policy Research Institute
University of Missouri, Columbia1
Large crops in 2004 and 2005 have resulted in low corn prices during the 2005/06
marketing year. January 2006 baseline projections prepared by the Food and Agricultural Policy
Research Institute (FAPRI) indicate corn prices are likely to recover in 2006/07 and continue to
increase in subsequent years. Rapid projected growth in ethanol production is the single most
important factor driving the projected increase in corn prices, as the use of corn to produce
ethanol will soon exceed U.S. corn exports. U.S. corn area planted is expected to increase as corn
producer returns increase relative to returns for soybeans, wheat, and other crops. Stochastic
analysis indicates corn prices can differ significantly from point estimates in any given year due
to weather or a variety of other supply and demand factors. Agricultural and trade policies,
future developments in energy markets, and the pace of development of new production
technology could have important implications for the long-term corn market outlook.
Introduction
Season-average corn prices this marketing year (September 2005 to August 2006) are
expected to be lower than in any year since 2001/02. In the short run, large supplies are the
dominant story in the corn market. The record 2004 U.S. corn crop was followed by the second
largest crop ever in 2005. The result has been building stocks of corn and lower prices, even
though domestic demand growth for corn has been quite strong.
In the short run, then, the problem seems to be "too much" corn. In the longer run,
however, some people worry that the problem may be "not enough" corn. Rapid growth in
ethanol production and the potential for an increase in U.S. corn exports could both put
significant upward pressure on corn prices. This paper summarizes supply and demand
projections prepared by the Food and Agricultural Policy Research Institute (FAPRI) in early
2006 to evaluate the balance of supply and demand factors in the outlook for corn markets over
the next ten years.
Materials and Methods
The projections discussed in this paper were prepared in January 2006 by FAPRI teams
of economists at the University of Missouri-Columbia and Iowa State University, working
together with colleagues at Texas A&M, Texas Tech, the University of Arkansas, and Arizona
State University.
The projections are made using a linked system of partial equilibrium models of world
agricultural markets. The models cover markets for grains (corn, sorghum, barley, oats, wheat,
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and rice), oilseeds (soybeans, rapeseed, sunflower seed, and peanuts), cotton, sugar, beef, pork,
poultry, and dairy products. For major producing and consuming countries, the models estimate
production, domestic consumption, trade, stocks, and prices, with varying degrees of detai1.
Model parameters are established using a combination of econometric estimation and analyst
judgment. An overview of the model structure is provided in Westhoff, Brown, and Hart (2005).
The baseline process generates deterministic point estimates of supply, demand, prices,
and trade given a series of assumptions about the world macro-economy, the weather, rates of
technological change, agricultural policies, and a wide range of other factors that affect
agricultural markets. The baseline should be seen as a set of conditional projections of what
might happen under certain assumptions, rather than as a forecast of what will happen. By
convention, the baseline assumes a continuation of current agricultural policies, even when there
is strong reason to expect that policy changes are likely. Different policy assumptions
sometimes would be made if the goal were to generate the best possible forecast of market
outcomes. One of the major purposes of the baseline is to serve as the benchmark for analysis of
alternative policies, so it is useful to have a baseline that holds current policies in place.
To analyze a number of policy and market issues, the deterministic point estimates are
sometimes unsatisfactory. FAPRI has developed a stochastic model of U.S. agricultural markets
to examine a range of possible market outcomes. The stochastic model is a simplified version of
the global FAPRI system, but in general it incorporates similar assumptions about the behavior
of market participants. The main distinction is that the stochastic model is constructed so that it
facilitates the estimation of 500 alternative outcomes for agricultural commodity markets rather
than the single outcome estimated by the deterministic mode1. These outcomes differ because of
different assumptions about crop yields, production costs, and a variety of factors that are
important in determining commodity supply and demand, but are almost impossible to predict
with confidence. All 500 outcomes assume a continuation of current U.S. agricultural policies,
so that the stochastic baseline can serve as the starting point for analysis of policy alternatives.
The first step in the 2006 baseline process was the preparation of a set of preliminary
deterministic projections in November 2005. Those preliminary estimates were reviewed at a
workshop in December involving analysts from the U.S. Department of Agriculture (USDA) and
a variety of other U.S. and international institutions. Reviewer comments and other new market
information were incorporated in the revised set of global deterministic projections prepared in
January 2006. Finally, the stochastic estimates were prepared, and the results released in early
March 2006 (FAPRI 2006a and 2006b).
In this paper, most ofthe U.S. figures reported are the mean values from the stochastic
analysis. Given the process used to generate the estimates, these values generally are very close
to the deterministic estimates. Because no stochastic estimates are made for non-U.S. markets,
all of the figures reported for foreign supply, use, and trade are from the deterministic baseline.
Reporting the mean of the stochastic outcomes for all relevant variables can at times
result in seeming oddities in supply and use tables. For example, because the mean of products
does not equal the product of the means, the mean reported area harvested cannot simply be
multiplied by the mean reported yield to obtain the mean level of production. Also, the
asymmetric nature of certain government farm programs can also generate unexpected results.
Average benefits under the government marketing loan program can be positive, for example,
even when no marketing loan benefits would result if the projected mean price were the actual
market price.
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Results and Discussion

u.s. Corn

Supply and Use
In the 2005/06 marketing year, record beginning supplies (production plus beginning
stocks and imports) of com put strong downward pressure on com prices (Table 1). Based on
January 2006 information, FAPRI estimated a season-average farm price of $1.90 per bushel,
and only a slight upward revision might be suggested by information available in mid-March.
On the demand side of the market, feed and residual use of com is estimated to exceed 6
billion bushels for the second straight year. While ethanol markets have garnered much deserved
attention, it is important to recall that roughly two-thirds of all the com used domestically in this
country is fed directly to domestic cattle, hogs, and poultry, and an additional amount is exported
so that it can be fed to foreign livestock and poultry.
The use of com to produce ethanol has continued its rapid pace of expansion, and current
USDA estimates suggest that ethanol use in 2005/06 could slightly exceed the 1.58 billion
bushels in the FAPRI baseline. Production of high-fructose com syrup (HFCS) has been
relatively flat in recent years, as per-capita consumption of HFCS declines and domestic
Mexican soft drink tax policies reduce Mexican demand for U.S. HFCS.
U.S. com exports began 2005/06 at a very slow pace because of Hurricane Katrinarelated disruptions of shipping and strong competition from other exporters in the face of
mediocre world demand. By mid-March, the pace of export shipments had increased, and it
appeared that exports for the year as a whole could exceed the levels shown in Table 1.
Nevertheless, considering the level of U.S. com prices and generally good world economic
conditions, it is somewhat disappointing that U.S. com exports have not been more robust.
U.S. com acreage is projected to decline in 2006 in response to low com prices and
increased prices for fuel, fertilizer, and other inputs. Projected 2006 acreage losses for com are
offset by increased acreage for soybeans and wheat. After the writing of this report but before
the conference, USDA will release its planting intentions report that should provide additional
information about producer plans for 2006. In some years, the final planted acreage figures
differ noticeably from the intentions report, with causes ranging from weather developments to
adjustments in market prices that encourage farmers to reconsider their original intentions.
Even if com acreage declines slightly in 2006, com production could differ significantly
from the mean level of 10.7 billion bushels reported in Table 1. The average of the 500
stochastic 2006 com yields is 147 bushels per acre, but the range is from less than 125 bushels
per acre (a repeat of a year like the drought year of 1988) to over 160 bushels per acre (a repeat
of2004 near-ideal growing conditions). Depending on the actual yield and all the other
unknowns in the market, actual market prices could be much lower or much higher than the
projected average of $2.1 0 per bushel (Figure 1). All else equal, above-average yields tend to
result in below-average prices and below-average yields tend to result in above-average prices,
but other factors come into play and suggest there is always some chance that both prices and
yields will simultaneously be above average or below average in any given year.
The baseline calls for another sharp increase in ethanol use of com in 2006/07, to almost
1.8 billion bushels. If ethanol prices remain strong and new capacity continues to come online as
rapidly as some suggest, actual use of com to produce ethanol could significantly eclipse even
these positive projections. Sometime in the next two years, ethanol use of com is likely to
surpass U.S. com exports.
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Feed and residual use of com is projected to decline slightly in 2006/07, in spite of rising
production of livestock and poultry. One factor contributing to this anomalous result is the
projected increase in com prices, which encourages livestock feeders to substitute other feeds
when possible and to redouble efforts to minimize waste. A more important factor has to do with
the fact that the "residual" portion of the feed and residual category has historically been highly
correlated with production levels. The sharp increase in reported com feed and residual use
between 2002/03 and 2004/05 was larger than could be explained by changes in animal numbers
and feed prices alone. It appears the increase in com production between 2002 and 2004
coincided with an increase in the residual component of feed and residual use. The baseline
assumes that the implicit residual remains large in 2005/06, but returns to a more normal level in
2006/07.
While projected com exports increase slightly in 2006/07, they remain below 2 billion
bushels. Actual export levels will depend not just on U.S. production and prices, but on foreign
crop production conditions and a wide range of other factors out of the control of U.S. producers.
Significant improvements in the com outlook are projected for 2007/08 and subsequent
years. Global Insight, the private forecasting group FAPRI relies upon for macro-economic
projections, calls for a slight decline in petroleum and other energy prices from 2006 to 2012.
Lower com production costs, projected increases in com prices, and lower prices for soybeans
and wheat all contribute to an increase in 2007 com acreage. Projected com acreage increases
by 1.7 million acres in 2007 and by a further 4 million acres between 2007 and 2012 as producer
returns increase for com relative to other crops.
Extrapolating past regional trends, national com yields increase by an average of about
1.9 bushels per acre per year. With both area and yield increasing, U.S. com production
increases by more than 2 billion bushels between 2006 and 2014.
Rapid growth in the use of com for ethanol production outpaces the growth in com
supplies in the 2006-2010 period, resulting in year-over-year reductions in ending stocks of com
and corresponding increases in market prices. By 2011/12, average com prices reach $2.46 per
bushel. By then, higher com prices and lower ethanol prices somewhat slow the projected
growth of the ethanol industry, and the annual increase in com prices slows substantially.
U.S. com exports increase at only a modest pace during the 2005/06 to 2010/11 period
when com prices are increasing, but then pick up substantially in later years when price increases
moderate. Likewise, com feed and residual use is almost flat between 2006/07 and 2010/11, in
spite of rising livestock production, before increasing slightly in later years.
Com producer net revenues depend not just on output and input prices and com yields,
but also on government programs. Under the assumption that current policies remain in place,
producer benefits under two major government programs decline over time. Both the countercyclical payment (CCP) program and the marketing loan program make payments to producers
based in part on changes in market prices. Since benefits under both programs decline when
prices increase, payments under both programs decline over time even though no change in
policy is assumed.
When posted county prices for com fall below the county loan rate, producers are eligible
for loan deficiency payments (LDPs) or marketing loan gains (MLGs) on all the grain they
produce. The national average loan rate for com is $1.95 per bushel, but county loan rates differ
across the country, with differences intended to reflect transportation costs and other factors.
Producers are eligible for CCPs whenever the national season-average market price is less than
the target price ($2.63 per bushel) minus the direct payment rate ($0.28 per bushel), or $2.35 per
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bushel. Unlike LDPs and MLGs, CCPs do not depend on current production levels, but rather on
a producer's base acreage and program yield, both of which depend on historical rather than
actual production levels. CCPs reach their maximum level when the season average price falls to
the loan rate.
Given provisions of the marketing loan and CCP programs, producers do not receive
much net benefit from rising com prices as long as the price is less than $2.35 per bushel. At
prices below $2.35 per bushel, whenever prices increase, any increase in market sales is at least
partially offset by lower government payments. Indeed, there is a range of market prices
(generally from the loan rate to a few cents above the loan rate) where increases in season
average prices actually correspond with slight reductions in total revenues, as producers give up
1 cent per harvested bushel in LDPs and 1 cent per payment bushel in CCPs for every 1 cent
increase in market prices over that range.
Producer net revenues over variable production expenses decline sharply between
2004/05 and 2006/07, but then increase steadily. Net returns tied to production (returns from
market sales plus LDPs, minus variable production expenses) rise from $122 per acre in 2006/07
to $201 per acre in 2015/16. Payments not tied to production (CCPs and direct payments)
decline from $63 per base acre in 2005/06 and $47 in 2006/07 to an average of $32 per base acre
in 2015/16. Note that the estimates of net returns consider only variable production expenses;
they exclude land and other fixed costs that can be very substantial for com producers.

u.s. Corn

Product Supply and Use
The expansion of ethanol production has profound implications for agricultural markets.
Ethanol production more than doubled between 2001 and 2005, and another doubling is
projected to occur between 2005 and 2013 (Table 2). Given the rapid pace of plant construction
and high current ethanol prices and profit margins, there are reasons to believe that the actual
expansion could be even more rapid than these baseline estimates indicate, at least over the next
two to three years.
The Energy Policy Act of 2005 includes a number of provisions to encourage production
of ethanol and other biofuels. Perhaps the most important is a provision mandating minimum
levels of renewable fuel use each year. The use mandate increases from 4 billion gallons in 2006
to 7.5 billion gallons in 2012, and then increases with gasoline consumption.
FAPRI (2005a) estimated impacts of the Energy Policy Act on commodity markets, farm
program costs, and producer income. The significant estimated increase in ethanol production
resulted in a $0.12 per bushel increase in com prices. Higher com prices and increased
availability of com coproducts, in turn, resulted in reduced levels of com exports and the direct
use of com in feed rations (the increase in feeding of com coproducts was larger than the
reduction in feed use of com). Com acreage and production increased, but the size of the
increase was muted by the effects of government programs. Higher com prices translated into
reduced government spending on the CCP and marketing loan programs, so the estimated net
increase in producer income was significantly less than the increase in market sales.
Higher ethanol production also has important spillover effects on other markets. Com
acreage expands at the expense of other crops, and as com prices increase, users of com turn to
other grains when possible. These substitution effects mean that higher com prices also tend to
translate into higher prices for sorghum, barley, oats, and wheat as well. The story for soybeans
is a bit more complicated. On the one hand, reduced soybean acreage tends to result in smaller
soybean supplies and increased soybean prices. On the other hand, substitution of com
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coproducts for soybean meal in feed rations tends to depress prices for soybean meal and
ultimately for raw soybeans. In the analysis conducted last year, these two effects offset each
other, leaving soybean prices almost unchanged.
Projections for the ethanol industry depend critically on the price of competing fuels.
Given Global Insight projections for only modest reductions in petroleum product prices, the
baseline suggests ethanol prices could fall from $1.89 per gallon, FOB Omaha, in 2006 to $1.65
per gallon in 2012 (actual ethanol prices in 2006 appear likely to exceed the projected level, as
ethanol has benefited from the accelerated phase-out of MTBE). With declining ethanol prices
and rising com prices, profit margins for ethanol producers are reduced from the 2006 record
level, but still remain good by historical standards, encouraging continued industry expansion.
Examination of the stochastic baseline results does indicate that there is a real possibility of
significantly lower ethanol producer margins. For example, if the price of petroleum were to fall
significantly from projected levels and/or the price of com were to rise because of a drought or
strong export demand, producer margins would be squeezed. In the 10 percent of stochastic
outcomes for 2012 with the lowest ethanol producer margins, a combination of low ethanol
prices and high com prices leaves ethanol margins at levels comparable to the lowest margins of
the last ten years.
In spite of the risks, the projected growth in ethanol production is greater than was
estimated in 2005. The combination of high fuel prices and supportive policies has encouraged
an explosion of investment in the industry. For at least the next two to three years, it appears
almost certain that U.S. ethanol production will significantly exceed the levels of renewable fuel
use mandated by the Energy Policy Act. Since the renewable fuel mandate can also be met by
biodiesel, ethanol imports, and the use of other renewable fuels, it appears unlikely that the
mandate will have more than a psychological effect on the market for the next several years.
The growth in ethanol production results in large increases in production of coproducts.
The projected growth in distillers grain (the co-product of a dry mill ethanol plant) production is
especially rapid, as the baseline assumes most of the growth in ethanol production will occur in
dry mill plants. Almost all of the growth in production of distillers grains, com gluten feed, and
com gluten meal is expected to be fed to domestic livestock and poultry (com gluten feed and
meal are coproducts of wet mill ethanol and HFCS plants). Exports of com gluten feed have
declined in recent years, and while there is some chance that modest exports of distillers grains
could occur in the future, it is generally more economical to use coproducts close to where they
are produced, if possible.

u.s. Feed Markets
The baseline suggests both opportunities and risks for U.S. livestock and poultry
producers. The projected increases in com prices will be an obvious detriment to livestock
feeders, and higher com prices also translate into higher prices for competing grains (Table 3).
On the other hand, the increased availability of com coproducts provides opportunities for those
who can secure access to products of adequate quality and consistency.
The increase in com co-product production has both direct and indirect effects on feed
prices. All else equal, co-product prices would have to fall relative to other feeds to encourage
the projected increase in use. Further, competition from com coproducts has the effect of
limiting price increases for other feeds. The price of soybean meal, for example, is projected to
actually decline slightly over the next decade. Meal prices are pressured not just by competition
from com coproducts, but also by competition from South America in world soybean markets
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and by strength in soybean oil prices, caused in part by projected increases in biodiesel
production. The value of com coproducts is likely to be enhanced as processors address issues
of quality and consistency, and as livestock feeders better learn how to take maximum advantage
of their feed value.
Considering the feedstuffs incorporated in the FAPRI baseline (grains, oilseed meals, and
com coproducts), total feed and residual use is about 218 million metric tons in 2005/06, of
which com feed and residual use accounts for 155 million metric tons (Table 4). Total feed and
residual use dips slightly in 2006/07, not because of any reduction in actual feeding, but because
of an assumed reduction in the residual component from abnormally high levels in 2004/05 and
2005/06. Total feed and residual use increases steadily in subsequent years, nearing 229 million
metric tons by 2015/16.
To measure underlying demand from the livestock and poultry sectors, FAPRI calculates
a measure of grain-consuming animal units (GCAUs) that takes into account changes in
livestock production and trend changes in livestock rations over time. A similar measure of
protein-consuming animal units (PCAUs) uses different weights (e.g., heavier weights on poultry
production) to reflect underlying demand for protein meals. Both measures increase steadily in
the future, with PCAUs growing more rapidly because of the more rapid projected growth of
poultry production relative to production of pork and cattle.
Looking at feed consumption on a per-animal unit basis suggests interesting patterns.
Grain use per GCAU and oilseed meal use per PCAU both decline over time, as com coproducts
substitute both for grains and oilseed meals in feed rations. Total reported feed and residual use
(including com coproducts) per GCAU is relatively steady from 2006/07 to 2015/16. Com coproduct use in 2005/06 surpasses feed and residual use of wheat, sorghum, barley, and oats
combined, and it increases by an additional 10 million metric tons by 2015/16.
International Markets for Corn
u.s. com exports have been disappointing in recent years as long-projected increases in
foreign demand have failed to materialize. Among the factors that have played a role at various
times have been weakness in the economies of importing countries (late 1990s), the rising value
of the dollar (early 2000s), and strong competition from Argentina and especially China when
Chinese exports, in particular, have long been expected to decline.
U.S. exports in the early months of the 2005/06 marketing year were particularly dismal.
Hurricane Katrina disrupted barge movements on the Mississippi River and ship loading at Gulf
Ports, and the Chinese continued to playa bigger-than-anticipated role in supplying other
markets. Based on January information, the FAPRI baseline projects u.S. com exports of 1.85
billion bushels for 2005/06, up only marginally from 2004/05. A quicker pace of shipments and
orders in recent weeks raises hopes that final export figures for this marketing year may come in
above the projected levels.
Looking forward, the projected increase in com prices over the next several years is
expected to limit growth in com exports. Higher prices discourage foreign buyers and encourage
foreign grain producers, limiting U.S. export potential. Only when the annual increases in com
prices slow after 2010/11 does the pace of U.S. com export expansion increase.
Argentina and Brazil specialize in soybean production, but rising com prices encourage a
modest expansion in their exports of com as well (Table 5). Ukraine is another country with
substantial export potential. Although the baseline projects little change in Ukrainian exports,
substantial growth is possible if the country can make necessary economic reforms and improve
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productivity. Eastern European countries not currently members of the European Union are also
small net exporters in most years, and they also could take a more prominent role in the market if
they are able to improve productivity. South Africa is usually a small net exporter of com, but
its annual production varies tremendously from year to year depending on weather conditions.
In terms of competing exporters, perhaps the largest wild card is China. For five straight
years, USDA estimates indicated that China had consumed more com domestically than it had
produced, yet the country remained a net exporter. If the figures are correct, this was only
possible because China greatly reduced what were once extremely high levels of carryover
stocks. Current USDA estimates suggest Chinese stocks are now down to levels that are more
normal by world standards. That suggests that eventually Chinese exports should diminish and
imports increase unless the country can either increase com production or limit use.
For the first time in six years, Chinese production was estimated to match domestic use
this year because of a significant increase in production. In the FAPRI baseline, Chinese
consumption grows slightly more quickly than production, and the country becomes a small net
importer of com beginning in 2011/12 (Table 6). This story contrasts with past FAPRI baselines
that generally showed China becoming a net com importer far sooner and with net imports
reaching much higher levels by the end of the projection period. Data revisions, higher com
prices, and a growing belief that China appears determined to take steps to head off large com
imports have all contributed to the change in the outlook.
While China appears to be a relatively small player in world markets given the current
baseline projections, it is important to remember that Chinese net trade in com is very small
relative to its production and consumption, so even a modest change in supply, demand, or
policy could result in major shifts. In recent years, changes in U.S. com exports have generally
moved inversely with exports from China and Argentina, and there are many reasons to expect
that future developments in both countries will continue to be major factors in determining U.S.
com trade.
In terms of com export demand, low com prices and a weaker U.S. dollar since 2003
have had a smaller positive impact on com exports than many had hoped. Over the course of the
baseline, the largest absolute increase in com imports occurs in Mexico, where the elimination of
com tariffs because of the North America Free Trade Agreement and rising livestock production
result in a significant increase in import demand.
Imports also increase in South Korea, Taiwan, and a number of other countries
experiencing rapid growth in incomes. In general, higher incomes translate into increased
demand for animal protein, which suggests increases in meat and dairy production and/or
imports. Many of the countries with projected rapid income growth have a limited ability to
increase domestic feed supplies, and so increase their imports of com and other feedstuffs.
Import demand also increases in many African countries, where population growth outstrips
local production growth.
Risks and Opportunities
Actual market outcomes are certain to differ from the figures reported in the tables for
any variety of reasons. In addition to inherent sources of risk such as weather, the com sector
faces a number of other risks and opportunities as well. Agricultural policies are one obvious
source of uncertainty. Budget pressures in this country, WTO cases under current agreements,
and the prospect of a new WTO agreement could have significant impacts on U.S. farm policy.
Reduced spending on farm programs may not have huge impacts on com supply, demand, and
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prices, but it could have a significant impact on producer income. Likewise, a future WTO
agreement could limit the scope of allowed farm policies.
FAPRI (2005b) analyzed the implications of implementing the October 2005 U.S.
proposal at the WTO talks. If the U.S proposal were adopted in its entirety, reduced tariffs in
other countries could result in some increase in com exports, and reduced domestic subsidies
could discourage increases in production. The analysis found that the estimated increases in
export demand would contribute to an increase in com prices of less than 4 percent above
baseline levels. Depending on how and whether com producers were compensated for reduced
marketing loan benefits and CCPs, their net returns were likely to either decline slightly (in the
case of no compensation) or increase slightly (if direct payments were increased to offset
reductions in other payments).
As suggested earlier, ethanol remains a major source of uncertainty in the projections,
and an area providing both serious risks and major opportunities. Perhaps somewhat
surprisingly, the USDA (2006) long-term baseline has very similar projections for ethanol
production, particularly in the years after 2009/1 O. The seeming consensus is misleading
however, as there remains great uncertainty and disagreement about where the industry is going.
Ethanol prospects look very different if oil sells for $60 per barrel than if it sells for $30 (or $90)
per barrel. Based on current information, the projected level of growth in ethanol production
appears to suggest a "happy medium." Growth is fast enough to benefit com producers and help
address the nation's energy needs, but not so fast as to cause major disruptions in com prices or
feed markets. The actual reality is likely to be far less smooth than in these projections. As a
reminder of short-run volatility in the industry, the spot price of ethanol, FOB Omaha, has
ranged from $1.20 per gallon in May 2005 to $2.74 in September, $1.99 in December, and $2.52
in February 2006 (State of Nebraska 2006).
WTO concerns aside, export markets continue to be a major source of uncertainty. China
is perhaps the prime example. For years, FAPRI and other organizations have indicated that they
expected China to eventually become a major net importer of com and other grain, but so far it
has not happened. FAPRI has now revised its baseline to show only limited Chinese trade in
com, but a variety of different outcomes are still very possible, including both continued Chinese
com exports and significant levels of imports.
Finally, if one is looking several years into the future, it is important to remember that
crop yields in any given year are not determined just by weather and input application rates, but
also by the state of technology. The baseline assumes that past underlying trends in yield growth
will continue. It is always possible that new breakthroughs will cause a major upward shift in
yields, and it is also possible that a lack of progress could lead to yield stagnation. What the true
"average-weather" yield is in 2015 may have as much or more to do with long-run prospects for
the com industry as the other issues discussed here.
Implications
Com markets will continue to be volatile with many unexpected twists and turns. It does
appear at least plausible that we will have neither "too much" nor "not enough" com over the
next ten years, at least on average. Increases in ethanol production are likely to contribute to
higher com prices and more com production, but under baseline projections the pace of increase
is manageable. In any given year, a short crop or a bumper crop can result in large swings in
prices, with implications for both producers and users of com. Agricultural and trade policies,
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energy market developments, swings in foreign demand, and technological change are all major
sources of uncertainty.
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Table 1. U.S. corn supply and utilization
05/06

06/07

07/08

08/09

09/10

Base area

86.8

86.8

86.8

86.8

86.8

Planted area

81.8

80.0

81.7

82.7

83.6

Harvested area

75.1

72.7

74.4

75.3

76.2

Actual

147.9

147.0

149.1

150.8

152.8

Program, direct

102.4

102.4

102.4

102.4

102.4

Program, CCP

114.4

114.4

114.4

114.4

114.4

13,236

13,027

13,068

13,144

13,255

2,114

2,315

1,966

1,767

1,590

11,112

10,702

11,092

11,367

11,655

Crop year

10/11

11/12

12/13

13/14

14/15

86.8

86.8

86.8

86.8

86.7

86.7

84.6

85.4

85.7

85.7

85.8

86.0

77.2

78.0

78.3

78.3

78.5

78.6

154.6

156.4

158.6

160.4

162.3

164.1

102.4

102.4

102.4

102.4

102.4

102.4

114.4

114.4

114.4

114.4

114.4

114.4

13,436

13,617

13,784

13,924

14,086

14,244

1,477

1,397

1,349

1,347

1,330

1,327

11,950

12,211

12,425

12,567

12,745

12,907

10

10

15/16

(Million acres)

Area

(Bushels per acre)

Yield

(Million bushels)
Supply
Beginning stocks
Production

10

Imports

10

10

10

10

10

10

10

10

9,072

9,129

9,373

9,582

9,783

10,004

10,155

10,236

10,291

10,354

Feed, residual

6,114

5,953

5,970

5,970

5,969

5,995

6,046

6,088

6,099

6,112

6,116

Fuel alcohol

1,576

1,796

2,024

2,233

2,429

2,618

2,711

2,744

2,781

2,825

2,872

532

528

524

519

521

522

523

524

525

526

527

20

21

21

21

21

22

22

22

22

22

22

830

831

834

838

843

847

853

859

864

870

876

1,849

1,932

1,928

1,972

1,995

2,036

2,114

2,200

2,304

2,405

2,505

10,921

11,061

11,301

11,554

11,778

12,040

12,269

12,437

12,594

12,759

12,918

2,315

1,325

Domestic

use

HFCS
Seed
Food, other
Exports
Total use
Ending

stocks

CCC inventory
Under loan
Other stocks

10,413

1,966

1,767

1,590

1,477

1,397

1,349

1,347

1,330

1,327

0

0

0

0

0

0

0

0

0

0

0

263

288

277

263

252

246

241

244

243

245

246

2,052

1,678

1,490

1,327

1,225

1,151

1,107

1,103

1,087

1,082

1,080

1.90

2.10

2.20

2.30

2.37

2.46

2.46

2.48

2.49

2.50

(Dollars)

Prices and returns
Farm pricelbu.

2.43

Loan ratelbu.

1.95

1.95

1.95

1.95

1.95

1.95

1.95

1.95

1.95

1.95

1.95

Average LDP ratelbu.

0.41

0.16

0.12

0.09

0.06

0.05

0.04

0.03

0.03

0.03

0.03

Target pricelbu.

2.63

2.63

2.63

2.63

2.63

2.63

2.63

2.63

2.63

2.63

2.63

CCP ratelbu.

0.40

0.24

0.19

0.15

0.12

0.10

0.08

0.08

0.07

0.07

0.08

Direct paymentlbu.

0.28

0.28

0.28

0.28

0.28

0.28

0.28

0.28

0.28

0.28

0.28

280.80

305.92

325.60

343.46

359.86

372.56

382.09

388.25

395.76

402.01

407.19

61.32

24.82

18.58

13.56

10.38

7.71

6.52

5.56

5.28

5.56

6.03

194.34

209.05

206.70

205.52

204.27

202.01

201.19

202.68

206.17

209.47

212.64

147.78

121.69

137.48

151.50

165.98

178.26

187.41

191.14

194.88

198.10

200.57

38.68

23.09

18.23

14.20

11.23

9.57

8.09

7.32

7.02

7.12

7.58

Gross market revenue/a.
LDP revenue/a.
Variable expenses/a.
Mkt+LDP net returns/a.
CCP revenuelbase

a.
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Table 2. U.S. corn product supply and utilization
Year

2005

2006

2007

2008

n.a.

4,000

4,700

5,400

6,100

6,800

3,893

4,589

5,217

5,847

6,434

6,995

2009

2010

2011

2012

2013

2014

7,400

7,500

7,640

7,781

7,925

7,460

7,694

7,819

7,958

8,115

2015

(Million gallons, calendar year)

Ethanol
Renewable fuel mandate
Production

81

75

83

93

107

125

140

130

139

147

155

Disappearance

3,976

4,632

5,265

5,903

6,506

7,086

7,572

7,805

7,950

8,098

8,261

Ending stocks

250

281

316

353

388

422

451

469

477

484

493

Imports

(Dollars per gallon, calendar year)

Price, FOB Omaha
Unleaded gasoline

1.66

1.70

1.68

1.64

1.58

1.51

1.45

1.41

1.43

1.46

1.49

Ethanol

1.80

1.89

1.88

1.85

1.81

1.75

1.72

1.65

1.67

1.69

1.72

Production

9,196

9,197

9,122

9,053

9,006

9,032

9,045

9,062

9,081

9,093

9,111

Domestic use

9,084

9,075

8,990

8,906

8,858

8,880

8,890

8,903

8,919

8,928

8,943

112

122

132

146

148

152

155

159

162

165

168

High-fructose

(Thousand tons, calendar year)

corn syrup

Net exports

(Thousand tons, Oct.-Sep. year)
Production

9,216

(Oct-Sep.)

9,139

9,071

8,999

9,029

9,041

9,056

9,078

9,089

9,105

9,130

12.80

12.77

12.70

12.66

19,811

20,107

20,433

20,766

78.80

78.64

77.98

76.82

(Cents per pound, Sep.-Aug. year)
Price, 42%, tank cars
Distillers

13.78

13.20

13.30

13.28

10,082

11,916

13,732

15,449

(Thousand

grains

Production

13.23

(dry equiv.)

17,097

13.00

12.93

tons, Sep.-Aug. year)
18,711

19,506

(Dollars per ton, Sep.-Aug. year)
76.81

76.97

78.21

78.99

Production

8,896

8,901

8,974

9,001

9,042

9,061

9,083

9,096

9,135

9,198

9,274

Domestic use

5,721

5,791

5,903

5,965

6,031

6,070

6,106

6,122

6,169

6,236

6,313

Net exports

3,174

3,110

3,071

3,035

3,010

2,990

2,977

2,974

2,966

2,962

2,961

60.26

60.43

60.24

59.74

Price, Lawrenceburg,

IN

78.68

(Thousand

Corn gluten feed

78.82

79.06

tons, Sep.-Aug. year)

(Dollars per ton, Sep.-Aug. year)
60.29

53.82

55.88

57.73

Production

2,341

2,342

2,361

2,369

2,379

2,384

2,390

2,394

2,404

2,420

2,440

Domestic use

1,451

1,421

1,436

1,438

1,442

1,443

1,444

1,442

1,447

1,458

1,471

890

921

926

931

937

942

947

952

957

963

969

260.56

259.27

256.47

251.50

(Thousand

Corn gluten meal

Net exports

58.75

59.71

50.97

Price, 21 %, IL points

tons, Sep.-Aug. year)

(Dollars per ton, Sep.-Aug. year)
260.51

261.09

261.11

275.28

259.43

262.20

263.70

Production

2,450

2,451

2,471

2,479

2,490

2,495

2,501

2,505

2,516

2,533

2,554

Domestic use

1,691

1,685

1,713

1,721

1,727

1,731

1,735

1,736

1,744

1,759

1,777

Net exports

746

762

762

762

764

766

768

770

772

775

777

Ending stocks

169

173

170

166

165

163

162

161

160

159

159

29.15

29.57

30.05

Price, 60%, IL points

(Million pounds, Oct.-Sep. year)

Corn oil

(Cents per pound, Oct.-Sep. year)
Price, Chicago

25.42

24.57

25.74

26.87

27.28

12

27.80

28.30

28.76

Table 3. U.S. feed prices
05/06

06/07

07/08

08/09

Com, farm

1.90

2.10

2.20

2.30

2.37

2.43

Sorghum, farm

1.69

1.97

2.05

2.11

2.17

2.22

Feed barley, farm

1.81

1.96

2.02

2.09

2.13

2.16

Crop year

09/10

10/11

11/12

12113

13/14

14/15

15/16

2.46

2.46

2.48

2.49

2.50

2.26

2.28

2.32

2.35

2.38

2.18

2.17

2.19

2.20

2.21

(Dollars per bushel)

Oats, farm

1.55

1.65

1.69

1.74

1.78

1.82

1.84

1.85

1.86

1.87

1.87

Wheat, farm

3.38

3.32

3.40

3.45

3.55

3.60

3.66

3.70

3.73

3.76

3.79

Soybean meal, 48% protein

173.52

168.29

170.77

172.05

169.44

169.93

169.96

169.48

168.46

166.24

162.25

Cottonseed

134.10

123.21

124.46

124.09

122.17

121.39

121.14

120.29

118.69

115.24

111.52

140.12

140.47

146.72

144.03

144.28

144.20

145.16

145.82

145.79

144.81

143.90

(Dollars per ton)
meal, Memphis

Canola meal
Sunflower meal

81.25

78.54

80.80

81.07

80.51

80.39

80.57

80.15

79.30

78.08

76.76

Dist. grains, Lawrenceburg

76.81

76.97

78.21

78.99

78.68

78.82

79.06

78.80

78.64

77.98

76.82

Com gluten feed, IL points

50.97

53.82

55.88

57.73

58.75

59.71

60.29

60.26

60.43

60.24

59.74

Com gluten meal, IL points

275.28

259.43

262.20

263.70

260.51

261.09

261.1 I

260.56

259.27

256.47

251.50

95.23

97.46

98.03

99.65

101.00

102.09

103.31

104.32

104.51

104.47

104.22

All hay, farm

Source: FAPRI January 2006 baseline, mean values of 500 stochastic outcomes.
for cottonseed meal, canola meal, or sunflower meal, so deterministic

FAPRI does not prepare stochastic estimates

projections are reported for those commodities.
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Table 4. U.S. feed and residual use
Crop year

05/06

06/07

07/08

08/09

09/10

155.31

151.22

15164

15164

15162

152.27

153.59

154.65

Sorghum

3.84

3.57

3.60

3.73

3.65

343

3.23

2.94

Barley

152

142

1.35

1.25

1.18

1.11

1.05

Oats

175

184

186

187

186

1.85

Wheat

5.51

5.56

560

5.69

547

167.93

163.61

164.06

164.18

10/11

11/12

12/13

13/14

14/15

15/16

15493

155.24

155.37

2.70

2.50

2.30

100

100

1.03

107

1.83

180

1.79

1.76

175

5.35

5.10

4.80

4.53

4.23

3.91

163.78

16401

164.80

165.20

164.94

16476

16440

3448

35.13

(Million metric tons)
Com

Grains sub-total

31.20

31.55

31.70

31.85

3208

32.31

32.83

33.39

33.92

Cottonseed meal

Soybean meal

1.19

102

098

1.01

104

106

1.07

108

108

1.11

Canola meal

1.73

1.74

1.74

180

1.82

185

188

190

192

1.94

197

Sunflower meal

0.38

0.36

0.33

0.32

0.31

0.31

0.31

0.31

0.31

0.32

0.32

34.50

34.66

34.76

34.98

35.25

35.52

36.10

36.68

37.23

37.84

38.56

Oilseed meal sub-total

1.14

Distillers grains (dry equiv.)

9.15

10.81

1246

14.02

1551

16.97

17.70

17.97

18.24

18.54

18.84

Com gluten feed

5.19

5.25

5.35

541

5.47

5.51

554

5.55

5.60

5.66

5.73

Com gluten meal

1.32

1.29

1.30

1.30

1.31

1.31

1.31

1.31

1.31

1.32

1.33

15.65

17.35

19.12

20.73

22.29

23.79

24.54

24.83

25.15

25.52

25.90

217.93

219.89

221.33

223.33

226.71

227.33

228.12

228.86

Com products sub-total
Sum of listed feeds
Grain-cons. animal units

21808

21562

7.00

22544

6.75

6.86

6.94

7.05

7.12

7.20

7.22

7.22

7.22

7.24

Grain per GCAU

24.88

23.85

23.66

2346

23.23

23.03

22.89

22.88

22.84

22.82

22.72

Protein-cons. animal units

49.08

5040

5146

5243

5336

5443

55.51

56.32

57.03

57.78

5864

Oilseed Meals per PCAU

0.70

0.69

0.68

0.67

0.66

065

065

0.65

0.65

0.66

0.66

All listed feeds per GCAU

32.31

3143

3142

3142

3139

3135

31.32

3139

3148

31.59

31.62

Source: FAPRI January 2006 baseline, mean values of 500 stochastic outcomes.
for cottonseed meal, canola meal, or sunflower meal, so deterministic

FAPR1 does not prepare stochastic estimates

projections are reported for those commodities.
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Table 5. Corn trade
05/06

06/07

07/08

08/09

11.50

10.44

11.51

11.64

11.83

12.07

Brazil

1.10

1.39

1.89

2.19

2.67

3.10

China

5.80

2.93

2.01

1.50

0.83

Crop year

Selected

10/11

11/12

12/13

13/14

14/15

15/16

12.34

12.55

12.70

12.90

13.06

3.43

3.53

3.43

3.24

3.01

0.37

-0.36

-0.69

-1.01

-1.24

-1.33
0.12

(Net exports, million metric tons)

net exporters

Argentina

09/10

India

0.10

0.18

0.37

0.50

0.52

0.48

0.42

0.33

0.25

0.18

Non-EU Eastern Europe

0.67

0.90

0.87

0.97

1.01

1.04

1.07

1.10

1.08

1.11

1.12

South Africa

0.80

1.24

1.25

1.25

1.36

1.35

1.33

1.27

1.19

1.09

0.94

Thailand

0.20

0.23

0.22

0.23

0.26

0.26

0.27

0.26

0.26

0.26

0.26

Ukraine

2.30

2.77

2.99

3.07

3.17

3.19

3.17

3.14

3.09

3.04

3.00

46.74

49.33

49.21

49.92

50.35

51.28

53.21

55.54

58.31

60.94

63.61

69.20

69.42

70.31

71.27

72.01

73.14

74.87

77.04

79.31

81.51

83.78

Algeria

1.90

1.94

1.98

1.96

1.96

1.96

1.97

1.97

1.97

1.98

1.98

Canada

1.35

1.05

0.90

0.86

0.79

0.79

0.90

1.09

1.33

1.58

1.84
5.72

United States
Net exports by above
Selected

(Net imports, million metric tons)

net importers

Egypt

5.30

5.31

5.27

5.16

5.08

5.04

5.08

5.17

5.31

5.50

European Union

0.91

0.68

1.06

1.18

1.22

1.12

1.09

1.12

1.10

1.07

1.05

Indonesia

0.55

0.40

0.47

0.55

0.62

0.67

0.75

0.85

0.96

1.06

1.16

Israel

0.80

1.00

0.99

0.98

0.98

0.98

0.98

0.99

1.00

1.00

1.01

Japan

16.50

16.53

16.47

16.41

16.40

16.48

16.51

16.48

16.47

16.46

16.48

Malaysia

2.50

2.48

2.46

2.45

2.45

2.46

2.49

2.52

2.54

2.57

2.59

Mexico

6.70

6.70

6.85

7.44

7.96

8.52

9.12

9.75

10.39

11.03

11.69

Other Africa

3.34

3.46

3.83

4.12

4.38

4.78

5.24

5.73

6.22

6.71

7.20

Other Asia

0.27

0.32

0.36

0.37

0.38

0.42

0.48

0.54

0.61

0.67

0.74

Other Latin America

9.04

9.15

9.17

9.16

9.17

9.20

9.26

9.34

9.43

9.52

9.62

Other Middle East

6.00

6.29

6.22

6.17

6.14

6.13

6.13

6.13

6.13

6.13

6.13

Philippines

0.10

0.12

0.13

0.13

0.13

0.13

0.13

0.14

0.18

0.23

0.28

Russia

0.20

0.29

0.23

0.22

0.18

0.15

0.16

0.20

0.25

0.30

0.35

South Korea

8.40

8.41

8.59

8.75

8.90

9.03

9.22

9.45

9.64

9.78

9.89

Taiwan

4.60

4.68

4.91

5.05

5.04

5.03

5.09

5.24

5.36

5.40

5.45

Other net imports, residual

0.75

0.60

0.41

0.30

0.23

0.23

0.27

0.35

0.44

0.52

0.61

69.20

69.42

70.31

71.27

72.01

73.14

74.87

77.04

79.31

81.51

83.78

Net imports by above

Source: FAPRI January 2006 baseline.
United States, these deterministic

FAPRI projections of international

markets are deterministic

point estimates.

For the

estimates may differ slightly from the mean of stochastic outcomes reported in Table I.
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Table 6. China corn supply and use
Crop year

05/06

06/07

07/08

08/09

09/10

Area harvested

26.20

26.18

26.36

26.45

26.42

10111

11112

12/13

13/14

14/15

15/16

26.42

26.45

26.42

26.39

26.35

5.62

5.69

5.76

5.82
153.49

(Million hectares)
26.44

(Metric tons per hectare)
5.11

Yield

5.22

5.29

5.35

5.42

5.49

5.56

(Million metric tons)
Production

134.00

136.62

139.35

141.59

143.22

145.09

146.78

148.73

150.33

151.92

36.06

30.26

28.21

27.60

27.43

27.29

27.12

27.02

27.00

26.90

26.77

170.06

166.88

167.56

169.19

170.65

172.38

173.91

175.75

177.33

178.82

180.26

100.00

101.67

103.65

105.62

107.52

109.49

111.41

113.15

114.70

116.11

117.36

34.00

34.07

34.30

34.64

35.00

35.40

35.84

36.29

36.74

37.18

37.60

134.00

135.74

137.95

140.25

142.52

144.89

147.24

149.44

151.44

153.28

154.97

Beginning stocks
Domestic supply
Feed use
Food and other
Total domestic use

5.80

2.93

2.01

1.50

0.83

0.37

-0.36

-0.69

-1.01

-1.24

-1.33

30.26

28.21

27.60

27.43

27.29

27.12

27.02

27.00

26.90

26.77

26.62

Net exports
Ending stocks

Source: FAPRI January 2006 baseline.

FAPRI projections ofintemational

markets are deterministic

point estimates.

Figure 1. 2006/07 corn yields and prices, 500 stochastic outcomes
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Corn To Corn Coproducts- How we get there and why
Dr. Lance Forster Jr.
Archer Daniels Midland Company
Decatur, II
Introduction
Dry grind corn processing for ethanol (beverage and other uses) has been around for
centuries but the recent demand for fuel alternatives has led to a large increase in ethanol
production for fuel in the last few decades. The processes involved with dry milling have
changed little in the last century while plants continue to get larger, more efficient and more
energy conscious (Maisch, 2003). Corn conversion to starch and sweeteners had developed due
to the need of food and industrial users for steady, consistent and inexpensive raw materials for a
variety of applications (Butzen and Hobbs, 2002). These plants are also capable of producing
ethanol from the starch stream they produce. The feeds produced are distinctly different from
the dry milling operations even though corn is the major grain used in both. The wet milling
industry had seen a rapid growth in the 1970's and 80's in the US and elsewhere with some
consolidation and capacity rationalization in the last decade (Butzen and Hobbs, 2002). As the
growth of these industries has continued, so has the acceptance of the feed products, which are
produced from these plants. The primary markets for these products has been ruminant diets
both within the US and abroad. This review will explain the basic process of both wet and dry
milling of corn.
Corn Dry Milling
This process takes grain and grain fractions and initially grinds it into a coarse meal or
flour. A number of different grains can be used including barley, corn, rice, milo, wheat and rye.
The predominant grain used in North America is corn. Several beverage alcohol plants use
specific mash bills or blends of various grains to attain a specific flavor or aroma in their end
product. This can also affect the color, nutrient characteristic and fragrance of the distiller's
grains, which are produced.
A typical grind will give 62-75% of the grind on # 20 and #60 sieves. The coarseness
can affect subsequent processes like drying and condensation of the solubles. The mash is then
made by the addition of water and steam cooked at 200-210F for a set amount of time to help
gelatinize the starch and begin the process of conversion to glucose. This heating is used to
sterilize the mash. Gelatinization is the hydration and swelling of the starch molecules. A
portion of the recycled thin stillage or "backset" is used to make up a portion of the corn slurry.
This backset is the liquid, which comes from the bottom of the beer still after the alcohol has
been distilled off. This helps to acidify the mixture down to a 4.8-5.2 pH range for optimum
enzyme activity. An alpha amylase enzyme is added to breakdown the starch into dextrin sugars.
The mash is cooled prior to adding the next enzyme. (Maisch, 2003)
A glucoamylase is then added to the mixture to make the sugars available for the yeast to
feed upon. The cooked mash is then cooled to the proper temperature for the yeast to grow and
multiply. Various buffers, nitrogen sources and minerals are added to the propagators to enhance
the yeast growth and to maximize the output from the fermentation batch. The fermentation is
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allowed to run for 36-72 hours to allow for the yeast to thoroughly convert all the available sugar
to ethanol. The grains are then heated in the beer well and distilled to drive the ethanol from the
grams.
The grains and soluble portion are then separated to facilitate the removal of water from
the stillage. This is accomplished through a centrifugation and separation step, which can vary
slightly from plant to plant. The grains are squeezed mechanically or centrifuged and the
solubles or thin stillage are removed. The thin stillage is then concentrated via evaporation in a
multi-effect evaporator into a molasses like syrup, which are 30-35% solids. Excessive fines at
this stage can impede concentration and form a peanut butter like consistency while still high in
moisture. This is a more efficient method than driving off all the water via heating (Maisch,
2003). The grains are then dried either by a direct heated air method in rotary drum or flash
driers or by indirect contact through a steam tube type system. This is where addition of the
condensed solubles can occur.
Dried distillers grains with solubles are the most common type of product available in the
US. Some facilities prefer to market the Condensed Distillers Solubles or CDS as a singular
product. Handling difficulties, separation and storage are important consideration with this
product. Excessive or improper drying can affect not only the color of the feed but also the odor
and texture. Another unique occurrence with DDGS is the presence of soluble balls in the
finished feed. When finer fragments of com residue meet with a particularly stickiness of
solubles the formation of small balls in the drying grains can occur. Most facilities then cool the
DDGS with ambient air to remove most of the heat remaining. After leaving the dryer many
plants take the DDGS to a temporary storage area prior to loadout in order to allow the residual
moisture to equilibrate. Many plants allow the DDGS to cool before loading into railcars or
trucks.
Many steps in this process can affect the quality of the feed. The initial selection of
grains can affect the feed. If mixtures of different grains are used (e.g. wheat or milo with com)
the fat and protein levels are the most obvious areas which could be affected. Quality of the
grains used are also a concern as off grade or lower grade com is lower in starch, can carry mold
or mycotoxins and will decrease both fermentation efficiency as well as product quality.
Grinding and sizing of the com into the mash affects not only the conversion and removal of
starch but also the ability to dry down the wet grains in the dryer. The potential removal of the
germ in some operations will greatly reduce the fat content of the residual grains. The cooking
of the mash if done too high and too long can retrograde the starch and make it unavailable for
conversion to glucose. Addition of the solubles
The major products from com dry processing are the Distillers Dried Grains, Distillers
Solubles, Distillers Dried Grains with Solubles and Distillers Wet Grains (Loy and Wright,
2003).
Corn Wet Milling
The com wet milling process begins with a thorough cleaning and screening of incoming
com. Refinery staff inspects arriving com shipments and clean them twice to remove corncobs,
dust chaff and foreign materials before the first processing step begins. This allows for better
equipment efficiency, safer ingredients as well as decreased wear and tear on equipment
throughout the plant.
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The initial processing step in wet milling is called steeping. Large stainless steel tanks
are used to hold the com and water solution of 0.1 % sulfur dioxide. The mixture is held for
various lengths of time from 30-40 hours at 50 C. The addition ofthe sulfur dioxide prevents
bacterial growth in the warm environment as well as aids in the wetting and swelling of the com
kernel (Johnson and May, 2003). As the com swells and softens, the mild acidity of the steep
water begins to loosen the gluten bonds within the com and release the starch (May, 1987; CRA,
2002). After steeping, the com is coarsely ground to break loose the germ from the other
components. Steep water is condensed to capture nutrients in the water for use in animal feeds
and for a nutrient broth for later fermentation processes. The ground com now in a slurry flows
to the germ separators (CRA, 2002)
Cyclone separators spin the lower density com germ out of the slurry. The germs contain
about 85% of the kernels oil and are spun out onto screens and washed repeatedly to remove any
residual starch. (May, 1987). The germ will be dried down and have an oil content of 42-48%.
These germs will undergo mechanical and solvent extraction to remove the oil. Com oil is
further processed and refined for consumption. (Johnson and May, 2003). The com germ is sold
as a feed ingredient as is or can be used as part of the mixture in com gluten feed. Com germ
meal is a coarse granular feed, which is very dry in appearance and has the ability to absorb
liquids readily.
The com and water slurry leaves the germ separator for a second more thorough grinding
in an impact or attrition-impact mill to release the starch and gluten from the fiber in the kernel.
The suspension of starch, gluten and fiber flows over fixed concave screens, which catch fiber
but allow the starch and gluten to pass (Johnson and May, 2003; CRA, 2002). The fiber is
collected, slurried, screened again to reclaim any residual starch or protein, then piped from to
the feed house as a major ingredient of animal feeds (Wright and Loy, 2003).
The starch-gluten suspension, called Mill-Starch, is piped to the starch separators. The
gluten has a low density compared to starch. By passing the mill starch through a centrifuge, the
gluten is readily spun out for use in animal feeds. The starch containing less than 2% protein is
diluted, washed 8-14 times, rediluted and washed again in hydrocyclones to remove the last trace
of protein. This is usually a high quality starch surpassing 99.5 % purity. Some is dried and
marketed as unmodified cornstarch and some into modified specialty starches (Johnson and May,
2003). The majority however is converted into com syrups, dextrose and ethanol.
The starch suspended in water is liquefied in the presence of acids or enzymes, which
convert the starch to a low-dextrose solution. Treatment with another enzyme continues the
conversion process. Throughout the process refiners can halt acid or enzyme actions at key
points to produce the right mixtures of sugars like dextrose and maltose for syrups. In some
syrups, the conversion of starch to sugars is halted at an early stage to produce low to medium
sweetness syrups. In others the conversion is allowed to proceed until the syrup is nearly all
dextrose. The syrup is refined in filters, centrifuges, and ion-exchange columns, and excess
water is evaporated (Johnson and May, 2003). Syrups are sold directly, crystallized into pure
dextrose, or processed further to create high fructose com syrup.
Dextrose is one of the most fermentable sugars. Following conversion of starch to
dextrose, many com refiners pipe dextrose to fermentation facilities where the dextrose is
converted to alcohol by traditional yeast fermentation. It can also be fermented into amino acids,
organic acids, food and baking ingredients or other bioproducts through either yeast or bacterial
fermentations. After fermentation the resulting broth is distilled to recover alcohol or
concentrated through membrane separation to produce these other bioproducts (Johnson and
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May,2003). Carbon dioxide from fermentation is recaptured for sale and nutrients remaining
after fermentation are used as components of animal feed ingredients or fertilizers.
Through different combinations of steep water, corn germ residues, fiber and gluten corn
refiners produce four major feed ingredients from the processes described above 60% corn
gluten meal, corn gluten feed, corn germ meal, and condensed fermented corn extractives (steep
water) (Loy and Wright, 2003).
Corn Gluten Feed is available both as wet and dry forms with the dry form available in
pellets to increase bulk density and to make it easier to handle. Variability in color can occur
from differences in residual sugars, differences in steep water streams and amount added back to
the fiber and germ, addition of corn coproducts from the process as well as variances in the corn
utilized originally (Wright, 1987). Corn germ meal is a relatively uniform product with little
variation typically seen. The grind size as well as the fat level can vary from plant to plant.
Steep water is available from many corn refineries with the biggest variable the amount of water
present.
Feed Definitions from AAFCO Official Publication
27.5 Distillers Dried Grains is obtained after the removal of ethyl alcohol by distillation from
the yeast fermentation of a grain or a grain mixture by separating the resultant coarse grain
fraction of the whole stillage and drying it by methods employed in the grain distilling industry.
The predominating grain shall be declared as the first word in the name.
27.6 Distillers Dried Grains With Solubles is the product obtained after the removal of ethyl
alcohol by distillation from the yeast fermentation of a grain or grain mixture by condensing and
drying at least % of the solids of the resultant whole stillage by methods employed in the grain
distilling industry. The predominating grain shall be declared as the first word in the name.
27.7 Condensed Distillers Solubles is obtained after the removal of ethyl alcohol by distillation
from the yeast fermentation of a grain or a grain mixture by condensing the thin stillage fraction
to a semi-solid. The predominating grain must be declared as the first word in the name.
27.8 Distillers Wet Grains is the product obtained after the removal of ethyl alcohol by
distillation from the yeast fermentation of a grain mixture. The guaranteed analysis shall include
the maximum moisture.
48.13 Corn Gluten feed is that part of the commercial shelled corn that remains after the
extraction of the larger portion of the starch, gluten and germ by processes employed in the wet
milling manufacture of cornstarch or syrup. It mayor may not contain one or more of the
following: fermented corn extractives, corn germ meal.
48.14 Corn Gluten Meal is the dried residue from corn after the removal of the larger part of the
starch and germ and the separation of the bran by the process employed in the wet milling
manufacture of cornstarch or syrup, or by enzymatic treatment of the endosperm. It may contain
fermented corn extractives and lor corn germ meal.
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48.23 Corn Germ Meal (Wet Milled) is ground com germ from which most of the solubles
have been removed by steeping and most of the oil removed by hydraulic, expeller, or solvent
extraction processes, and is obtained in the wet milling process of manufacture of com starch,
com syrup, or other com products.
48.24 Condensed Fermented Corn Extractives is obtained by the partial removal of water
from the liquid resulting from the steeping of com in a water and sulphur dioxide solution which
is allowed to ferment by the action of naturally occurring lactic acid producing microorganisms
as practiced in the wet milling of com.
48.32 Corn Germ Dehydrated consists of whole com germ with other parts of the kernel from
which the oil has not been removed, and is the product obtained in the dry and wet milling
process of manufacture of com meal, com grits, hominy feed, com starch, com syrup, or other
com products.
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Recent Research with Distiller's Grains and
Corn Milling Byproducts - Southern Plains 2, 3
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P. J. Defoor, and C. R. Richardson
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including M E. Corrigan, R. W. Daubert, B. E. Depenbusch, J T Fox, J F Gleghorn, M A.
Greenquist, M J Quinn, K. A. Lemon, E. R. Loe, K. J Malcolm-Callis, K. McCuistion, J Mikus, M
J Quinn, D. A. Walker, and A. S. Webb
Introduction
The bioethanol industry (a dry com milling process) has grown rapidly over the past 10 years.
A major byproduct of ethanol production is distiller's grains. To date, most of the new ethanol plants
have been constructed in the Com Belt and Midwest; however, new mills are planned and being
constructed in the southern Great plains. Many of these new plants may use grain sorghum as the
starch source. Much ofthe research on the feeding of distiller's grains and other com milling
byproducts has been conducted in the northern Great Plains. Feedlot diets in the northern plains tend
to differ from those fed in the southern plains: com is generally dry rolled rather than steam flaked; and
the roughage source tends to be silage rather than alfalfa or cotton byproducts. Feedyards in the
southern plains also tend to be larger than those in the northern plains; thus, management of
byproducts, especially wet byproducts, may differ. Environmental issues also tend to differ between
the northern and southern Great Plains. Much of the northern plains and com belt are grain exporting
regions; whereas, the southern plains is a grain importing area. Because of this, the high P
concentrations in many byproducts are less of a concern in the northern Great Plains than in the
southern Great Plains.
Com gluten feed (CGF) is a wet com milling byproduct. Over the last several years many
feedyards in the southern plains have been using Sweet Bran®, a CGF manufactured by Cargill Inc. as
an energy and protein source, replacing a portion of the steam-flaked com and supplemental protein in
growing and finishing diets.
Replacement of highly digestible steam-flaked com with these com milling byproduct
ingredients could affect animal performance. In addition, the high ruminal undegradable protein, P
and S concentrations of these bypro ducts could have environmental consequences.
Thanks to the National Grain Sorghum Producers (now National Sorghum Producers) in
Lubbock, TX, in 2002 the Consortium for Cattle Feeding and Environmental Science received funding
to conduct cooperative research studies on the feeding of distiller's grains; especially those based on
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sorghum grain. This review will summarize results from 4 studies partially funded by this project
(three cattle feeding studies conducted with sorghum-based and com-based distiller's grains, one dairy
calf feeding study with sorghum-based distiller's grains), as well as one additional cattle feeding study
with com gluten feed partially funded by Cargill. In all trials, the basal diet was based on steam-flaked
com.
Materials and Methods
In 2002 we conducted a short survey of several nutritionists that consult for southern Great
Plains feedyards to obtain their opinion on research needs involved with the feeding of distiller's
grains. Objectives of these initial studies were to answer questions posed by that survey.

Study 1: Concentration of distiller's grains in finishing diets: Animal Performance (M. L. Galyean
and K. A. Lemon).
This study was conducted to determine the optimal dietary concentration of wet distiller's
grains in steam-flaked com-based finishing diets and to compare the feeding value of sorghum-based
(WSDG) vs. com-based (WCDG) wet distiller's grains.
In October 2003,200 feeder steers (average initial shrunk BW = 713 lb) were shipped from
Oklahoma to the Texas Tech University Burnett Center in New Deal, TX. On arrival, each animal was
weighed, ear tagged, vaccinated, treated for internal and external parasites and fed a 65% concentrate
diet. Approximately 4 d before the start of the trial, cattle were individually weighed and blocked by
BW. Steers were randomized to concrete, partially slotted-floor pens at the Burnett Center in early
December 2003. All steers were initially implanted with Revalor S (Intervet).
The five experimental diets (Table 1-1) included the following: 1) CON = standard 92.5%
concentrate finishing diet; 2) 5% = 92.5% concentrate finishing diet with 5% (DM basis) WSDG; 3)
10% = 92.5% concentrate finishing diet with 10% (DM basis) WSDG; 4) 15% = 92.5% concentrate
finishing diet with 15% (DM basis) WSDG; and 5) CI0% = 92.5% concentrate finishing diet with
10% (DM basis) WCDG. Distiller's grain replaced a combination of com, cottonseed meal and urea in
the diets. The diets were formulated to contain 13.5% CP, and contained Rumensin and Tylan. To
eliminate the potential for excess dietary sulfate, a separate premix that did not contain ammonium
sulfate, was used for the diets containing distiller's grains. In this premix, ground com replaced the
ammonium sulfate used in the control premix. Distiller's grains in this study were obtained from
plants in New Mexico (WSDG) and Nebraska (WCDG), and stored in silo bags at the Burnett Center.
Feed bunks from each pen in the trial were appraised visually each morning and the quantity of
feed delivered was designed to allow for little or no accumulation of feed in the bunk. Cattle were
weighed every 28 d on a pen basis using a pen-platform scale. Individual initial- and final-BW were
obtained using an individual animal scale.
Based on performance and visual appraisal, blocks of cattle were slaughtered at the Excel Corp.
facility in Plainview, TX when 50 to 60% of group was expected to grade USDA Choice. Days on
feed ranged from 97 to 141 days with a mean of 133 days. On the morning of shipment, cattle were
individually weighed, and fecal grab samples were taken by USDA-ARS personnel (Bushland, TX) for
measurement of E. coli 0157 shedding and diet digestibility (data not reported herein). Carcass data
were obtained by personnel of the West Texas A&M University Beef Carcass Research Center.
Data were analyzed as a randomized complete block design using the MIXED procedure of
SAS (SAS Inst. Inc., Cary NC). The pen was the experimental unit for all analyses. Specific contrasts
were used to test the following treatment responses: 1) the response surface to the graded levels of
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WSDG (linear and quadratic); and 2) the comparison of the diet with 10% WSDG and the diet with
10% WCDG.

Table 1-1. Ingredient and chemical composition of diets in Studies 1 and 3 (DM basis)
Ingredient

Steam-flaked com

Treatment diet
Control

5%
Sorghum
DG

10%
Sorghum
DG

15%
Sorghum
DG

10% Com
DG

75.40

73.90

70.68

65.72

71.03

5.37

10.7

15.97

Wet sorghum DG
Wet com DG

10.20

Cottonseed hulls

7.62

7.59

7.56

7.53

7.60

Molasses

4.25

4.23

4.22

4.19

4.24

Tallow

3.06

3.05

3.04

3.02

3.06

Urea

1.01

1.01

0.77

0.25

0.81

Cottonseed meal

5.86

1.97

Limestone

0.26

0.35

0.52

0.81

0.53

Supplement

2.54

2.53

2.52

2.50

2.52

DM,%

81.19

76.27

72.57

70.54

71.09

CP,%

11.71

11.82

12.26

12.29

12.17

ADF,%

9.06

9.08

12.07

12.99

10.51

P,%

0.32

0.34

0.38

0.44

0.38

Chemical component

a

CON = control diet with no added distiller's grains; 5% = 5% added wet sorghum distiller's
grains; 10% = 10% added wet sorghum distiller's grains; 15% = 15% added wet sorghum
distiller's grains; C10% = 10% wet com distiller's grains.

Study 2: Wet vs. dry distiller's grains infinishing diets (J. Drouillard, B. E. Depenbusch, E.
R. Loe, A. S. Webb, M. E. Corrigan, and M. J. Quinn)
The objectives of this study were to compare the feeding value of wet vs. dry distiller's
grains in steam-flaked com based diets and to evaluate the roughage value of distiller's grains.
Two hundred ninety-nine crossbred-yearling steers (800 lb), obtained from a common
source, were used in a completely randomized experiment to evaluate finishing performance of
steers fed a control diet or one of six experimental diets containing 15% (DM basis) wet or
dried distiller's grains with solubles (DGS). Finishing diets were as follows (Table 2-1): 1)
control diet containing no DGS; 2) dried sorghum DGS (DSDG) with 6% alfalfa hay; 3) DSDG
without alfalfa hay; 4) WSDG with 6% alfalfa hay; 5) WSDG without alfalfa hay; 6) dried com
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DGS (DCDG) with 6% alfalfa hay; and 7) WCDG with 6% alfalfa hay. On arrival at the KSU
feedlot, steers were ear tagged and vaccinated. One week later, animals were revaccinated,
treated for parasites, and implanted with Revalor IS.
Individual BW were obtained and used to assign cattle to treatments. Steers were
reimplanted with Revalor IS on day 56. Steers were allowed ad libitum access to four step-up
diets leadin§ to the final finishing diet (Table 2-1). Steers were housed in 49 concrete-surfaced
pens (392 ft : 7 pens per treatment; 6 to 7 steers per pen) with overhead shade covering the
bunk and half of the pen. Individual pens of steers were weighed on day 27,56,83, 101, and
just before slaughter using a pen scale. Steers were slaughtered on two separate dates (days
101 and 129) at a commercial facility in Emporia, KS, and carcass data were collected. Final
BW was calculated by dividing hot carcass weight by a common dressing percent of 63.5%.
Dry matter and organic matter digestibilities were determined for 21 pens (3
pens/treatment) over a 72-h period during the finishing phase. Before the daily feeding on day
115, any feed that had not been consumed by the steers was removed from the bunks and
concrete pen surfaces were thorougWy cleaned. At 24 hour intervals over 3 days, feces were
collected from each pen, weighed, and a representative sample (~2%) was obtained from each
pen. After 3 days, daily samples for each pen were composited, frozen, and analyzed.
Data were analyzed statistically using the MIXED procedure of SAS with pen as the
experimental unit. Pre-planned orthogonal contrasts included: 1) control vs. DGS treatments
that included 6% hay; 2) sorghum DGS vs. sorghum DGS without hay; 3) Wet DGS vs. Dry
DGS; and 4) sorghum DGS vs. com DGS.
Table 2-1. Ingredient and calculated chemical composition of diets fed in Study 2
Dry sorghum DGS ___
Control
ComDGS
Item
~_~_~Q~g~~J2Q_§ ___
0% hay
6% hay
0% hay
6% hay
Dry
81.1
75.7
70.0
75.3
69.8
Steam flaked
69.8
com
0
15.0
15.0
15.0
15.0
15.0
DGs
6.0
0
6.0
0
6.0
Alfalfa hay
6.0
1.9
3.2
3.2
3.0
3.5
3.0
Limestone
4.2
0
0
0
0
0
Soybean meal
0
0.8
0.6
1.4
0
0.5
Urea
Nutrient
14.0
14.0
14.4
14.0
14.0
14.0
CP,%
4.6
4.5
4.9
4.8
4.8
3.8
Fat, %
0.7
0.7
0.7
0.7
0.7
0.7
Ca,%
0.3
0.4
0.4
0.3
0.3
0.3
P,%

Wet
69.8
15.0
6.0
3.0
0
0.5
14.0
4.7
0.7
0.4

Study 3: Concentration of distiller's grains infinishing diets: Nutrient retention and
potential ammonia emissions (L. W. Greene, F. T. McCollum. K. McCuistion; N. A. Cole)
The objectives of this study were to determine the digestibility and feeding value of
sorghum- and com-based distiller's grains in steam-flaked com finishing diets and to estimate
the effects on potential ammonia losses.
Ten crossbred steers were used in a nutrient balance trial. Steers were assigned to one
of the five dietary treatments used in Study 1 (Table 1-1) in a replicated 5 x 5 Latin square
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design. During fecal and urine collections, steers were confined to tie stalls at the USDATAES research feedlot at Bushland, TX. Periods of the Latin square were three weeks in
length: 10-day diet adaptation, 4-day tie stall adaptation, and 7-day fecal and urine collection.
Unacidified feces and urine were collected at 2-hour intervals and immediately frozen.
Unacidified feces and urine (l % of average daily excretion) from the steers were used in a labscale system (Cole et aI., 2004) to estimate potential ammonia emissions.
Study 4: Evaluation ofsorghum based distiller's grains for dairy heifer calves (c. R.
Richardson and J. Mikus)
The objectives of this study were to determine in vitro digestibility of sorghum
distiller's grains and to evaluate dried distiller's grain as a feedstuff in hut rations for dairy
heifer calves.
In vitro digestibility measurements were conducted in two evaluations of a WSDG
product from New Mexico compared to a corn starch control treatment. In the first evaluation,
digestibilities were determined on 90% concentrate diets in which wet distiller's grain was
added at levels of 0, 5, 10, and 15% ofDM. Incubation times were 12,24, and 48 hours. In the
second evaluation, more extensive replications of the 24 hour incubation time were conducted
to obtain a reliable comparison of digestibility across levels of 0, 5, 10, and 15%.
For the feeding study, DSDG were obtained from a plant in Kansas and fed to dairy
heifers at a commercial dairy in New Mexico. The DSDG were fed at levels of 0, 5,10, and
15% in their diet (Table 4-1). A total of 192 calves, 48 per treatment, were used in a 56 day
study to determine feed consumption and weight gain.
Table 4-1. Composition of experimental diets containing sorghum distiller's grains (DSDGs)
fed to dairy heifer hut-calves in Study 4 (% DM basis)
Item
0% DSDGs
5% DSDGs
10% DSDGs
15% DSDGs
Steam flaked com
40.0
40.0
40.0
40.0
Steam-flaked sorghum
30.0
30.0
30.0
30.0
DSDG supplement
0.0
10.0
20.0
30.0
Non-DSDG Supplement
30.0
20.0
10.0
0.0
Chemical component
19.92
CP,%
19.01
18.35
19.23
1.78
1.36
1.48
P,%
1.33

Study 5: Corn gluten feed in jinish ing diets: Animal performance and potential ammonia losses
(P. J Defoor, D.A. Walker, K. J Malcolm-Callis, and J F Gleghorn).
This study was conducted to determine the effects of corn gluten feed and dietary fat
concentration on performance of finishing steers.
The 360 steers (Angus and Angus x Charolais) used in the study were purchased in
November, 2002 from sale bams in Kansas and were backgrounded for approximately 50 d at a
commercial feedyard in Oklahoma. On arrival at the Clayton Livestock Research Center,
steers were given booster vaccinations, ear tagged, weighed individually, and sorted to one of
six weight blocks and one of five treatment diets (Table 5-1).
A randomized complete block design was used to evaluate experimental diets
containing the following CGF/Fat combinations: 1) 0% CGF/3% added fat (STD); 2) 25%
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CGFIO% added fat (CGFO); 3) 25% CGF/2% added fat (CGF2); 4) 25% CGF/3% added fat
(CGF3); 5) 25% CGF/4% added fat (CGF4).

Table 5-1. Ingredient and chemical composition of the experimental diets fed in Study 5 (DM
basis)
STD
CGFO
CGF2
CGF3
Item
CGF4
77.8
63.3
60.8
Steam-flaked com
59.6
58.3
25.0
25.0
25.0
Com gluten feed
25.0
9.0
9.0
9.0
Alfalfa hay
9.0
9.0
4.0
Molasses
3.0
0.0
2.0
3.0
Yellow grease
4.0
2.8
0.0
0.5
Cottonseed meal
0.75
1.0
0.9
0.2
0.2
0.2
Urea
0.2
2.5
2.5
2.5
2.5
Supplement
2.5
Chemical component
DM,%
CP,%
ADF,%
Ash, %
Ca,%
P,%

78.28
14.53
5.99
5.38
0.89
0.34

73.12
13.99
7.60
5.40
0.77
0.48

73.62
13.82
7.53
5.54
0.72
0.44

73.52
14.04
8.17
5.73
0.83
0.44

73.48
13.85
9.90
5.65
0.86
0.46

Following an 8-day fill-equilibration period, steers were weighed individually,
implanted, and started on their assigned diets (d 0; 1/15/03). The heaviest three blocks were
implanted with Revalor S (Intervet, Inc.), whereas, the lightest 3 blocks were implanted
initially with Component ES with Tylan (Vet Life Inc.) and reimplanted on d 49 with Revalor
S. Steers were fed one of five 71% concentrate step-up diets that corresponded to their
treatment assignment for 7 d, were switched to one of five 81% concentrate step-up diets
corresponding to their treatment assignment for 7 d, and were switched to their final 91 %
concentrate diets (Table 5-1) for finishing. Quantities of feed delivered each day were targeted
so that approximately 0.5 lb of feed per steer remained in the bunk at 0730 before feeding at
approximately 0800.
Steers were weighed individually before the morning feeding on day 0, 49, and the day
of slaughter (average 121 days on experimental diets). When the majority of steers within a
block had approximately 0.5 inches of backfat, they were slaughtered at a commercial packing
plant near Amarillo, TX and carcass data were collected by personnel ofthe West Texas A&M
University Beef Carcass Research Center. Steers were slaughtered on one of four dates: 4/24;
5/6; 5/20; and 6/4/03. At slaughter, the manure on the feed bunk slab was scraped, mixed and
sampled. Samples of manure and rations were analyzed for N and P to estimate N volatilization
losses using the difference in the N:P ratio of diets and manure (Todd et aI., 2005).
Animal performance and carcass data were analyzed as a randomized complete block
design with pen as the experimental unit using the GLM procedure of SAS. The following
non-orthogonal contrasts were used to test treatment effects when the overall F-value for
treatment was significant (P < 0.10): 1) STD vs the average ofCGF2, CGF3, and CGF4
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{CGF2,3,4}; 2) STD vs CGF3; 3) STD vs CGF4; and 4) CGFO vs CGF2,3,4. Carcass quality
grade data were evaluated using Chi-square analysis with the GENMOD procedure of SAS.
Results and Discussion
Study 1: Concentration of distiller's grains in finishing diets: Animal Performance (M. L.
Galyean and Kurt Lemon)
Chemical composition of the diets is presented in Table 1- 1. The CP values of the diets
were lower than the formulated value of 13.5% CP, ranging from 11.71 to 12.29%. As
expected, ADF values of the diets increased as the percentage of distiller's grain increased
(NRC, 1996).
The NEm and NEg concentrations of each diet were calculated by two methods. The
first method used the NRC (1996) tabular NE values for each ingredient in the diet. The
second method used animal performance data to estimate the NE content of the diets using a
quadratic equation derived from the NRC equations (Zinn and Shen, 1998). Values obtained
by the two methods are presented in Table 1- 2. The NEm and NEg values calculated based on
animal performance for the control and the WCDG diets were greater than tabular values,
whereas, values for the 5, 10, and 15% WSDG diets were similar for tabular- and performancebased calculation methods. These differences between the two types of distiller's grains could
relate to particle size (i.e., the WCDG was visually finer in texture than the WSDG), to normal
variation in the chemical composition of the distiller's grains, and/or to the availability of a
greater data base on which to estimate tabular NE values of corn-based than sorghum-based
distiller's grains.
There was a linear decrease (P = 0.03) in calculated NEm and NEg values as the
concentration of sorghum distiller's grain increased in the diet. These results tend to contrast
with previous experiments (Ham et al. 1994; Lodge et al. 1997; Trenkle 1997a) in which dry
rolled corn, rather than steam-flaked corn comprised the dietary grain source. Thus, the
feeding value of distiller's grains might differ, depending on the energy value of the grain
source in the finishing diet. The calculated NE values of the sorghum-based (10%) and cornbased distiller's grain diets were not different (P = 0.16).
Table 1-2. Dietary net energy calculations (Mcal/cwt) based on tabular values or based on
performance data for cattle fed varying levels of wet sorghum distiller's grain and one level of
wet corn distiller's grain in Study 1
Calculated bed
Treatment
Formulateda
NEm
NEm
NEg
NEg
100.4
Control
97.7
66.8
69.1
98.2
67.7
5% sorghum DG
98.2
67.3
98.6
10% sorghum DG
98.6
67.7
67.7
95.9
65.4
15% sorghum DG
98.6
67.7
100.9
70.0
10% corn DG
98.6
67.3
a Determined from tabular values (NRC, 1996).
b Determined by the quadratic equation of Zinn and Shen (1998).
e The linear effect of wet sorghum distiller's grains was significant (P = 0.03) for both NEm
and NEg. No other contrasts were significant (P ~ 0.16).
d Pooled SEM for NEm was 0.02 and for NEg was 0.01; n = 8 pens per treatment.
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Table 1-3. Dry matter intake, and carcass-adjusted average daily gain and feed efficiency by cattle fed
varying levels of wet sorghum distiller's grain and one level of wet com distiller's; grains in Study 1.
Distiller's grain treatment

Item
Control

5%S

10% S

15% S

10%C

SEM

P-valueb

DMI, Ibid

o to 28
o to 56
o to 84

18.6

18.8

17.7

17.1

16.8

0.95

L**

18.4

18.9

17.9

16.7

17.0

1.03

L**

18.5

19.1

18.0

17.2

17.1

1.03

L**

Finish

18.6

19.3

18.5

18.0

17.5

0.95

NS

4.03

4.11

3.78

3.54

3.76

0.40

L*

ADG, Ibid

o to 28
o to 56
o to 84

3.70

3.78

3.50

2.90

3.28

0.33

L**

3.65

3.76

3.41

3.08

3.32

0.26

L**

Finishc

3.32

3.41

3.12

2.84

3.08

0.26

L**

Oto 28

4.62

4.57

4.67

4.83

4.47

0.17

NS

o to 56
o to 84

4.98

4.99

5.11

5.76

5.18

0.18

L**

5.07

5.07

5.27

5.60

5.15

0.15

L**

c

5.62

5.66

5.92

6.36

5.69

0.18

L**

Feed:Gain

Finish

CON = control diet; 5% = 5% added wet sorghum distiller's grains; 10% = 10% added wet
sorghum distiller's grains; 15% = 15% added wet sorghum distiller's grains; and C10% =
10 % added wet com distiller's grains.
b Contrast probability value: Lin = linear contrast among wet sorghum distiller's grains levels;
* = P < 0.05; ** = P < 0.01.
CAdjusted final BW was calculated from hot carcass weight assuming an average dressing
percent of 61.3%.
a

Animal performance data are presented in Table 1-3. There was a linear decrease (P:S
0.01) in DMI as the percentage of sorghum distiller's grains increased for d 0 to 28, d 0 to 56,
and d 0 to 84. For the overall study, the effect of sorghum distiller's grain concentration on
DMI was not significant (p> 0.14); however, the numerical trend was the same as in the
earlier portions of the feeding period, with lower DMI as the level of sorghum distiller's grain
increased in the diet. These results tend to agree with results of previous studies that also noted
a decrease in DMI with increasing dietary moisture and/or distiller's grains concentration (Ham
et aI., 1994; Larson et aI., 1993; Trenkle, 1997a) but contrast with the results of Lodge et aI.
(1997) who reported no differences in DMI between sorghum distiller's grain in the wet or dry
form, although the DMI for the treatment that included the wet form was numerically less than
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the control and dry forms. There was a 10% decrease in the DM content of the diets (Table
1.1), which could have possibly been related to the decrease in intake.
The DMI of the steers fed the 10% WCDG diet was less than the steers fed the 10%
WSDG treatment. In contrast, using dried products, Ward and Matsushima (1981) observed no
differences in DMI, ADG, or efficiency when they compared com- and sorghum-based
distiller's grain.
There was a linear decrease (P = 0.01) in the final carcass-adjusted BW as the dietary
concentration of sorghum distiller's grains increased (1,333,1,335,1,309,1,274,
and 1,2871b
for the Control, 5%, 10%, 15%, and C10% treatments, respectively); however the 10% WSDG
and 10% WCDG treatments did not differ (P = 0.26).
As the dietary concentration ofWSDG increased there was a linear decrease (P ~ 0.01)
in ADG for all feeding periods with a tendency for a quadratic effect (P = 0.08). Differences in
dietary moisture and ADF content may be responsible for the negative relationship between
distiller's grain concentration and ADG. In contrast, with dry rolled com based diets, Larson et
al. (1993) and Ham et al (1994) reported a linear increase in ADG with increasing amounts of
wet distiller's grains. Trenkle (1997a), however, noted no differences in ADG when wet
distiller's grains replaced cracked com at 40% of the diet (DM basis).
Unlike previous studies (Larson et aI., 1993; Ham et aI., 1994; Lodge et aI., 1997),
which reported improved feed efficiency in cattle feed distiller's grain, there was a linear
increase (P < 0.001) in F:G (i.e. poorer feed conversion) with increasing WSDG concentration
during feeding periods d 0 to 56 and dO to 84 and for carcass-adjusted feed conversion over the
entire trial. There was a tendency for a quadratic increase (P < 0.10) for periods d 0 to 56 and d
o to finish. There was no difference in feed conversion of steers fed WCDG and WSDG (P =
0.58); however, cattle fed the 10% WCDG diet were numerically more efficient than those fed
the 10% WSDG.
These results differ somewhat from the results of Daubert et al (2005), who fed steamflaked com based diets containing 0,8,16,24,32,
or 40% (DM basis)WSDG. Peak
performance occurred with 8 to 16 % distiller's grain and performance decreased significantly
with higher distiller's grain concentrations. However the formulated CP concentrations and the
urea concentrations of the diets fed by Daubert et al (2005) were higher than in the present
study.
The lack of response to distiller's grain noted in the present study could be due to a
degradable intake protein (DIP) deficiency. The experimental diets were formulated to be
isonitrogenous; therefore, as the dietary concentration of distiller's' grain increased the
concentration of urea in the diet was decreased. Based on tabular values (NRC, 1996),
formulated DIP, as a percentage of dietary DM, were 7.05, 6.72, 6.33, 5.39, and 6.49 % for the
control, 5% sorghum-, 10% sorghum-, 15% sorghum- and 10% com-based distiller's grain
diets, respectively. Cooper et al (2002) reported that steam flaking increased the dietary DIP
requirement (compared with dry rolling) because of increased ruminal starch digestion and
suggested that DIP values between 7.1 and 9.5% of dietary DM (59.7 to 66.4% of dietary CP)
were needed in steam-flaked com-based diets to maximize performance. Thus, based on the
estimates of Cooper et al. (2002), the DIP concentrations of the diets in this study were
deficient for all diets except the control diet. The DIP values match closely with the observed
performance data. Based on these results, an additional trial is currently in progress to evaluate
the effects of dietary DIP concentration on performance of steers fed steam-flaked com-based
diets containing distiller's grains.

32

The hot carcass weight and longissimus muscle area decreased linearly (P = 0.009) as
WSDG increased in the diet (data not shown). These results likely reflect differences in ADG
and final BW because dressing percent did not differ (P > 0.28) among treatments. Yield grade
tended to increase linearly (P = 0.09) as WSDG increased in the diet, reflecting the smaller
longissimus muscle area. Steers fed the 10% WCDG diet had lower (P = 0.02) yield grade than
steers fed the 10% sorghum treatment. Although none of the fat indices were significant (P>
0.24), they were all generally numerically higher for the sorghum-based distillers grain
treatments than the com-based distiller's grain treatment, despite the fact that ADG and hot
carcass weight were significantly higher for the control diet. Marbling score or the number of
cattle that graded Choice or greater did not differ among treatments (P ~ 0.27). Effects of
distiller's grain on carcass measurements have varied (Lodge et aI., 1997; Ham et aI., 1994;
Larson et aI., 1993; Trenkle (1997a).
Study 2: Wet vs. dry distiller's grains in finishing diets (Drouillard, Depenbusch, Loe,
Webb, Corrigan, and Quinn)
Steer performance data is presented in Table 2-2. Dry matter intake, carcass-adjusted
ADG and final BW were lower (P < 0.01) for steers fed diets containing DSDG without hay
than for steers fed DSDG with hay. However, carcass adjusted feed conversions were not
affected by treatment. Dry matter and organic matter digestibilities were similar for DSDG
diets with and without hay.
Similarly, removal of ground alfalfa hay from WSDG-based diets decreased DMI:
however, ADG, feed efficiencies and final BW of steers fed diets containing WSDG diets with
and without hay were not significantly different. Dry matter digestibility and organic matter
digestibility were lower for WSDG diets with hay than for WSDG diets without hay.
Dry matter intake was not significantly different between steers fed DSDG or WSDG
diets. When no alfalfa hay was added to the diet, steers fed the WSDG gained more rapidly (P
= 0.04), were more efficient (P < 0.01), and had higher organic matter digestibilites (P < 0.05)
than steers fed DSDG. Similarly, carcass adjusted final BW (P = 0.14) and DM digestibility (P
= 0.08) tended to be higher for WSDG when no alfalfa hay was in the diet.
When diets contained 6% alfalfa hay, DMI, ADG, feed efficiency, carcass adjusted final
BW, DM digestibility, and organic matter digestibility were similar (p> 0.19) between DSDG
and WSDG diets. Dry matter intake, ADG, feed efficiency, DM digestibility and organic
matter digestibility were similar for steers fed sorghum-based and com-based distiller's grains
(P> 0.22).
Removing alfalfa hay from the diet of steers fed sorghum-based distiller's grains
resulted in lower carcass weights and lower USDA yield grades (P < 0.05: data not shown).
Marbling score, percent USDA Choice or better carcasses, longissimus area, and liver
abscesses did not differ among treatments (P > 0.21). Steers fed sorghum-based distiller's
grain with hay had greater fat thickness over the 1ih rib and a lower dressing percent than
animals fed no hay (P < 0.05). Carcass weights, yield grade, percent USDA Choice or better
carcasses, marbling score, longissimus area, 12th rib fat thickness, and liver abscess were not
different (P > 0.21) between wet and dry sorghum-based distiller's grain. However, steers fed
WSDG diets had a higher dressing percentage than steers fed DSDG diets (P < 0.05).
Carcass weight, yield grade, marbling score, percent USDA Choice or better carcasses,
longissimus area, and 1ih rib fat thickness were not different between steers fed com- and

33

sorghum-based distiller's grains (P> 0.31). Steers fed corn-based distiller's grain had a higher
dressing percentage than steers fed sorghum-based distiller grain (P < 0.01).
This study indicates that distiller's grains with solubles derived from sorghum and corn
have comparable nutritional value for feedlot cattle when added to steam-flaked corn- based
finishing diets at 15% of the dietary DM. Likewise, wet and dry distiller's grains had similar
feeding values. Removal of alfalfa hay from wet and dry sorghum-based distiller's grain diets
adversely affected DMI, ADG, and final BW.
Study 3: Concentration of distiller's grains in finishing diets: Nutrient retention and
potential ammonia emissions (L. W. Greene, F. T. McCollum. K McCuistion; N. A. Cole)
Feeding distiller's grain tended to decrease nitrogen digestion and urinary N excretion as a
percentage ofN intake (Table 3-1). This was probably a result of replacement of readily degradable N
(ie. urea) with less degradable protein in the distiller's grain. Nitrogen retention was similar for all
diets. Although dietary P concentration increased with increasing dietary distiller's grain content
(Table 1-1), because of differences in DMI, dietary P intake and P metabolism were not affected by
distiller's grain concentration or source.
Potential ammonia emissions, estimated in our lab-scale system were not affected by diet (data
not shown)
Table 3-1. Nitrogen and phosphorus metabolism of steers fed steam-flaked com based diets containing
wet distiller's grains in Study 3 (tentative data)
Item
Control

Diet
10%
Sorghum DG
6.51
169.63
78.43
41.0
65.4b

15%
Sorghum DG
6.38
169.4 3
76.83
39.0
66.6b

10% Com
DG
6.03
140.5 b
65.4b
30.8
67.9b

DMI, kg
N intake, g
Urine N, g/d
Fecal N, g/d
Urine N, %
intake
Retained N, g/d
Retained N, %
of intake
N digest., %

6.60
168.03
81.23
32.6
71.73

5% Sorghum
DG
6.13
155.83
74.23
34.5
67.8b

54.2
30.8

47.1
30.2

50.2
29.4

53.6
30.9

44.2
31.5

80.5

78.1

75.7

76.7

78.1

P intake, g/d
Urine P, g/d
Fecal P, g/d
Urine P, % of
intake
P retained, g/d
P retained, % of
intake
P digestion, %

23.3
4.17
7.90
34.5

21.5
5.18
7.05
39.1

24.4
4.70
8.70
33.8

24.4
5.25
7.22
39.6

22.1
4.30
7.50
35.1

11.2
47.5

9.22
43.2

10.9
44.6

12.0
48.8

10.3
47.0

65.5

67.1

64.8

69.8

66.1
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Study 4: Distiller's grains for dairy calves (Richardson and Mikus)
In vitro dry matter digestibilities (Table 4-2) tended to be lower for diets containing 5
and 10% wet sorghum distiller's grains than for diets containing 0 or 15% wet distiller's grains.
This may be due to the concentration of readily soluble components in the distiller's grains that
are lost during centrifugation/filtration in the in vitro procedure.
Although not statistically significant, heifer dairy calves not fed distiller's grains tended
to have higher ADG and better feed conversion than heifers fed distiller's grains (Table 4-3).
In calves fed distiller's grains, however, performance did not seem to be affected by the
concentration of distiller's grain in the diet.
Table 4-2. In vitro digestibility of90% concentrate
grains in Study 4
Hours
% Wet sorghum-based DG
0%
5%
Trial 1
12
55.55
53.76
24
75.03
72.91
48
80.46
78.12
Trial 2
24
62
59

diets containing sorghum-based distiller's
(DM basis)
10%

Contrast
15%

53.14
72.35
79.12

58.32
73.61
81.88

62

69

L < 0.02
NS
L<O.Ol

Table 4-3. Performance of dairy heifer hut-calves fed diets containing dried sorghum distiller's
grains (DSDGs) in Study 4.
Item
0% DSDGs
5% DSDGs
10% DSDGs
15% DSDGs
ADG,lb
d 0-28
0.98
0.87
0.91
0.92
d 29-56
1.72
1.55
1.55
1.57
1.21
1.23
1.24
dO-56
1.35
DMI,lb
5.14
5.13
4.90
d 0-28
4.92
9.72
10.12
9.94
10.09
d 29-56
7.42
7.62
7.51
7.69
dO-56
Feed:gain
5.33
5.91
5.64
5.02
d 0-28
6.44
6.51
6.27
d 29-56
5.78
6.04
6.06
6.30
5.69
dO-56

Study 5: Corn gluten feed in finishing diets: Animal performance and potential ammonia
losses (Defoor, Walker, Malcolm-Callis, and Gleghorn)
Performance data based on final live weight and carcass adjusted final weight are
presented in Table 5-2. Dry matter intake was greater for the CGF3 (P = 0.01), CGF4 (P =
0.01), and for the average of the CGF2, CGF3, and CGF4 diets (P = 0.002) than for the STD
diet. Compared to steers fed the STD diet, steers fed the CGF3 and CGF4 diets had 3.3% (P =
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0.11) and 7.1 % (P = 0.002), greater ADG, respectively. The mean ADG of steers fed the
CGF2, CGF3, and CGF4 diets, which provided an average of3% added fat, was approximately
5.7 % greater (P = 0.002) than the ADG of steers fed the STD diet with 3% added fat. The
addition of fat to the CGF diets increased ADG (P = 0.002) and DMI (P = 0.03) compared to
the CGFO treatment. The overall F:G was not significantly affected by diet (P = 0.30).
Hot carcass weight was the only carcass characteristic that differed statistically among
treatments (data not shown). Differences in carcass weight reflected differences in ADG.
Numerically (p> 0.49), the proportion of steers fed the CGF2, CGF3, and CGF4 diets that
graded Choice of higher was greater (43.8% vs 34%) than the proportion of steers fed the STD
diet.
'The dietary NEm and NEg values of the STD diet, calculated from animal performance,
were 108.2% and 110.6%, respectively, ofthe NEm and NEg values for this diet calculated
using tabular NE values for the ingredients (NRC, 1996). Therefore, the NEm and NEg value
of each ingredient was multiplied by 1.082 and 1.106, respectively, before calculating the NEm
and NEg values for the CGF by iteration. This adjustment increased the NEm and NEg values
(NRC, 1996) of the steam-flaked corn from 105.7 and 73.5 Mcal/cwt, respectively, to 114.3
and 81.2 Mcal/cwt, respectively. Based on these revised values, the average NEm and NEg
values for the CGF in the CGF2, CGF3 and CGF4 diets were estimated to be 95.3 and 65.3
Mcal/cwt: approximately 80.4% of the NEg value of steam-flaked corn. This is very similar to
results of a Texas Tech study reported by Parsons et a1. (2001) in which CGF was fed at 40% of
dietary DM. The NEg ofthe steam-flaked corn in that study was reported to be approximately
81.6 Mcal/cwt. In light of the relatively large difference in the NEg concentration of CGF and
steam-flaked corn, it is somewhat surprising that feed:gain differed by only 2%. This
relationship might illustrate limitations to the use of calculated NEg values of individual
feedstuffs when large differences in DMI are observed in finishing trials.
Table 5-3. Commodity prices used for economic analysis in Study 5.
Item
Costa
Steam-flaked corn
$125.00/ton
Sweet Bran®
$118.30/ton
Alfalfa hay
$125.00/ton
Steep/molasses blend
$120.00/ton
Yellow grease
$240.00/ton
Cottonseed meal
$177.00/ton
Urea
$220.00/ton
Finish supplement
$185.00/ton
Yardage
$0.35/day
Steer cost/cwt at initial weight
$85/cwt
Final live price
$78.50/cwt
The prices used for economic calculations are presented in Table 5-3. Costs of gain
were lower for the CGF diets (average of CGF2, CGF3 and CGF4) than for the STD diet
($43.49 vs. $44.38/cwt), and the average profit for the steers fed the CGF2, CGF3 and CGF4
diets was $12.53 greater than steers fed the STD diet. The breakeven price for CGF in this case
was approximately 128% that of steam- flaked corn (DM basis). Costs of gain were similar for
steers fed the CGF3 and STD diets ($44.51/cwt vs. $44.38/cwt); however, because of greater
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saleable carcass weight, steers fed the CGF3 diet returned $4.12 more profit per animal than
steers fed the STD diet. The breakeven price for CGF in this comparison was approximately
105% that of steam-flaked com (DM basis). Individuals should apply their own ingredient
costs and inventory gain/shrink relationships to these performance data.
Based on the calculated NEg concentration determined for CGF one might assume that
CGF priced at 95% of steam-flaked com (DM basis) would result in higher costs of gain for the
steers fed the CGF diets. However, these performance and economic data raise the intriguing
question of how replacing a higher energy feedstuff (steam-flaked com) with a lower energy
feedstuff such as CGF at a similar price can result in the favorable economic outcome
observed. Four explanations for this observation are likely. 1) Although dietary NEg
concentration was lower in diets containing CGF, total NEg intake per day was greater: this
was beneficial in terms of ADG and profitability. 2) The NEg concentration of CGF could be
underestimated. When calculating NEg by difference, any inaccuracies in the calculation of the
energy values of ingredients would be accumulated in estimating the NEg concentration of
CGF. 3) A portion of the economic advantage ofCGF in this study was protein cost savings.
Supplemental protein costs (DM basis) were $6.94/ton for the STD diet, but averaged only
$ 1.77/ton for the CGF diets (average ofCGF2, CGF3, and CGF4). 4) Some studies suggest
that CGF may decrease the severity or incidence of clinical and/or subclinical acidosis by
decreasing the dietary starch and increasing the dietary fiber content. By significantly
improving the performance of a few animals in a group, overall performance may not be
markedly improved, but the overall economic picture could be improved.
Results of this study indicate that the economic value of CGF should not be based
solely on its estimated NEg value relative to steam-flaked com. With this particular set of
steers, increases in DMI were favorable and resulted in greater ADG, more saleable carcass
weight, and overall greater profitability by steers fed CGF . Protein cost savings in these diets
contributed heavily to the economic advantage ofCGF. Performance responses to fat additions
suggest that the choice of fat level ranging from 2 to 4% of dietary DM in diets containing CGF
should likely be dictated by the cost of fat and not by concerns about associative effects
between CGF and fat.
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Table 2-2. Performance of yearling steers fed steam-flaked corn based finishing diets containing wet or dry
distiller's grains and fed for 114 days in Study 2.
Item
Control
Dried - Sorghum DG
Wet-Sorghum DG
Corn DG
0% hay
6% hay
0% hay
6% hay
Wet
Dry
Initial wt, lb
803
798
802
803
804
792
800
Final wt, lb
1,155b
1,100a
1,150b
1,134ab
1,142ab
1,149ab
1,146ab
DMI,lb/d
20.6b
19.1 a
21.1b
19.2ab
20.7b
20.9b
20.3b
e
a
b
b
e
ADG,lb/d
3.18
2.70
3.11 be
2.98
3.03
3.1g
3.11 be
Feed:gain
6.49 a
7.06 b
6.77 ab
6.45 a
6.80 b
6.54 a
6.53 a
Apparent digestibility, %
Dry matter
83.8 e
83.9 e
82.6 be
86.4 d
80.1 a
81.2 ab
82.0 be
Organic matter
86.8 b
86.4 b
85.2 b
89.0 e
83.4 a
84.0 ab
85.0 ab

Table 5-2. Effects of corn gluten feed and added fat level on performance by finishing beef steers in Study 5
Item
Treatmenta
SEM
STD
CGFO
CGF2
CGF3
CGF4
Initial BW, Ib
770.0
773.8
772.1
773.9
772.6
2.44
Final BWb, Ib
1,243.5
1,248.0
1,276.1
1,262.6
1,280.0
7.14
ADG,lb
3.93
3.93
4.19
4.06
4.21
0.05
DMI, Ibid
18.28
18.74
19.81
19.63
19.54
0.33
Feed/Gain
4.64
4.77
4.73
4.84
4.64
0.07
% Choice
34.0
26.6
43.1
46.0
42.4
Profit/steerd, $
94.52
98.72
110.38
98.64
112.14
a STD = Standard steam flaked corn based diet with 3% added fat (DM basis); CGFO = Steam flaked
corn based diet with 25% CGF and 0% added fat, (DM basis); CGF2 = 25% CGF with 2% added
fat (DM basis); CGF3 = 25% CGF with 3% added fat (DM basis); CGF4 = 25% CGF with 4%
added fat (DM basis).
b Pooled standard error of the treatment means, n = 6 pens per treatment.
e Weighted average days on feed = 121.
d Based on prices presented in Table 5-3
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SEM
32
25
0.60
0.10
0.16
0.90
0.85

Ethanol coproducts in northern high plains feedlot cattle
G. E. Erickson and T. J. Klopfenstein
University of Nebraska, Lincoln
Introduction
Com milling byproducts are expected to increase dramatically in supply. Two primary
types of milling processes currently exist, resulting in quite different feed products. The dry
milling process produces distillers grains plus solubles, and the wet milling process produces
com gluten feed. These feeds can be marketed as wet feed, or they can be dried and marketed as
either dry com gluten feed or dry distillers grains with or without solubles. For the purposes of
this article, only dry mill ethanol feed byproducts will be discussed with focus on wet distillers
grains plus solubles (WDGS), dry distillers grains plus solubes (DDGS) and other related feeds.
The majority of plant expansions are dry milling plants; however, an increase in supply of both
WDGS and WCGF is expected. Therefore, these feeds may be very attractive for beef producers
to use as energy sources. This article will focus on the production, composition of these feeds,
energy values, and economics of using distillers grains. Some other management issues will be
discussed as well including grain processing when these byproducts are used in feedlot diets,
roughage level when these byproducts are used, and feeding combinations of WDGS and
WCGF. Forage fed situations will not be covered, but use of dried bypro ducts may be common
for both energy and protein supplementation to forages in the future. For a more complete article
that describes our knowledge base in Nebraska, the reader is referred to our beef website and tab
under byproducts at http://beef. unl.edu for a publication on "Utilization of Com Coproducts in
the Beef Industry".
Dry milling process
In the dry milling industry, the feed product(s) that are produced are distillers grains,
distillers grains + solubles, and distillers solubles. Depending on the plant and whether it is
producing wet or dry feed, the relative amounts of distillers grains and distillers solubles mixed
together varies. However, our current estimates are that wet distillers grains + solubles are
approximately 65% distillers grains and 35% distillers solubles (DM basis). Distillers grains (+
solubles) will hereby be referred to as either WDGS (wet distillers grains) or DDGS (dry
distillers grains). Our assumption is that the distillers grains will contain some solubles, but this
can vary from plant to plant. The dry milling ethanol process (Figure 1) is relatively simple
where com (or another starch source) is ground, fermented, and the starch converted to ethanol
and C02. Approximately 1/3 of the DM remains as the feed product following starch
fermentation assuming that starch source is approximately 2/3 starch. As a result, all the nutrients
are concentrated 3-fold because most grains contain approximately 2/3 starch. For example, if
com is 4% oil, the WDGS or DDGS will contain approximately 12% oil. The importance of
understanding the process is that the resulting feed products feeding value is largely determined
by how they are produced.
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Table 1. Nutrient composition of selected com milling byproducts
DRCb

DDGSc

WDGSc

CCDSc

SD

90
0.88

90.4
1.7

34.9
3.6

35.5
1.4

CP, %ofDM
SD

9.8
1.1

33.9
1.3

31.0
0.9

23.8
1.5

P, % ofDM
SD

0.32
0.04

0.51d
0.03

0.84
0.04

1.72
0.08

Feedstuff: a
DM

aDRC=dry rolled com with NRC (1996) values, DDG=dried distillers grains, WDGS=wet
distillers grains + solubles, CCDS=condensed com distillers solubles (com syrup)
bDRC values based on NRC (1996) values with approximately 3500 samples
cValues are from spring, 2003 from only one plant in Nebraska that produces DDG, WDGS, and
CCDS with standard deviation based on weekly composites.
dDDGS is lower than expected in P presumably because solubles are not added to DDG in this
plant
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Composition
Table 1 contains data on plant averages and some indication of variation for various com
milling byproducts. Variation exists from plant to plant and within a plant. These table values
should not replace sampling and analysis of feed from individual plants. The DDGS, WDGS,
and condensed com distillers solubles (CCDS) are all from one plant in Nebraska and represent
average values for 2003. The standard deviations are for composite weekly samples, not for load
variation, which is not indicative of actual variation observed at a feedlot and may reduce
variation by infrequent sampling. In another recent review of composition and variation in plants
and across plants, the reader is referred to Holt and Pritchard (2004). Moisture and DM variation
are probably of greatest importance with wet byproducts. However, both fat and S can vary in
wet distillers grains which could lead to changes in energy value and potential for toxicity,
respectively. Much more work is needed and in progress with analysis and sampling to
adequately describe variability of both WDGS and DDGS.
Energy value and optimum inclusion
Clearly, distillers grains works well as a protein source and may be very pricecompetitive to soybean meal and urea in the future as a protein source. In finishing cattle, most
of DDGS that is fed is generally included at low levels (less than 15%) to serve as a protein
source and not an energy (i.e., com) replacement. As a general rule, WDGS is fed as an energy
replacement and larger quantities are used (> 15%). However, in the future, with a doubling in
supply projected for distillers grains due to ethanol expansion, use by feedlots and beef
producers will probably be as energy replacements due to competitiveness. When distillers is
used as an energy source, it provides the protein needs as well, generally well in excess of
requirements. One consideration related to protein supplied from distillers grains (DDGS or
WDGS) is that the majority ofthe protein (65% DIP or undegradable intake protein) bypasses
rumen degradation and supplies metabolizable protein. Our research suggests that degradable
intake protein (DIP; i.e., urea) supplementation is unnecessary despite predictions from the NRC
(1996) model that diets are deficient in DIP. Our hypothesis is that the excess MP provided from
distillers is deaminated and recycled to the rumen to still provide adequate DIP in finishing diets
containing distillers grains (Vander Pol et aI., 2005c).
The majority of the research on distillers grains as an energy source has been conducted
on finishing cattle fed either dry-rolled com (DRC) or DRC:high-moisture com (HMC)
combinations. Feeding wet distillers grains (WDGS) results in better performance than dry
distillers grains (DDGS; Table 2). Experiments evaluating the use of wet distillers bypro ducts in
ruminant diets are available (DeHaan et aI, 1982; Farlin, 1981; Firkins et aI., 1985; Fanning et
aI., 1999; Larson et aI., 1993; Trenkle, 1997a; Trenkle, 1997b; Vander Pol et aI., 2005a). In the
experiments with finishing cattle, the replacement of com grain with wet distillers byproduct
consistently improved feed efficiency. Figure 2 summarizes these studies conducted on wet
distillers grains with energy value expressed relative to com. The energy value is consistently
higher than com. However, the energy value relative to com based on G:F suggests that energy
value changes (decreases linearly) as inclusion level increases. The maximum inclusion today for
traditional WDGS (i.e., 12% fat) is approximately 40% of diet DM. In a recent experiment
evaluating 10% unit additions of WDGS to a dry-rolled and high-moisture com based diet
illustrates that optimum inclusion is 30 to 40% of diet DM (Figure 3; Vander Pol et aI., 2005a).
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Other limitations may exist including sulfur toxicity due to polioencephalomalacia
overfeeding P due to environmental constraints.

and

Table 2. Energy Value of Wet vs Dry Grains

Daily feed, Ib
Daily gain, Ib
Feed/gain
Improvement:
Diet
Distillers vs com

DDGS-la

Control

Wet

24.2 bc
3.23b
7.69b

23.56b
3.71 c
6.33c

25.3c
3.66c
6.94d

21.5
53.8

DDGS-2a

DDGS-3a

25.0a
3.71 c
6.76d

25.9a
3.76c
6.90d

............. 11.9 (ave.) ............
................
29.8 ................

DDGS-l, 2, and 3 refer to level of ADIN, 9.7, 17.5 and 28.8%, respectively.
b,c,d Means in same row with different superscripts differ (P<.05).

'a

Figure 2. Energy content of wet distillers grains plus solubles when replacing com at different
inclusions
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Some evidence exists that suggests optimum inclusion levels are considerably lower than
40% for diets based on steam-flaked com (SFC; Daubert et aI., 2005). In this study, finishing
heifers were fed 0,8, 16,24,32, and 40% of diet DM as sorghum WDGS. Their conclusion for
the 58-d finishing trial was the optimum was 16% with heifers fed 24% performing equal or
better than cattle fed only SFC.
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Figure 3. Effect of WDGS added to dry-rolled, high-moisture corn based finishing diets on steer
performance with six pens per treatment (Vander Pol et aI., 2005a)
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Experiments with DRC and HMC suggest a 15 to 25% improvement in feed efficiency
when 30 to 40% of the corn grain is replaced with wet distillers byproduct. The energy value at
medium levels (12 to 28%, average of 17% of diet DM) is approximately 140 to 150% the
energy of corn. When higher levels are used (average of 40%), the energy was 130% that of
corn. The optimum level for feedlot producers to use is 30 to 40% of diet DM when plants are
within 30 miles of the ethanol plant (Vander Pol et aI., 2005a, 2005b). As the distance increases
from the plant to the feedlot, the optimum inclusion of WDGS decreases to 20 to 30%. This
comparison suggests that more WDGS can be fed; however, the optimum inclusion is dependent
on more than just the energy value ofWDGS.
Corn processing
Feeding corn milling byproducts in feedlot diets reduces acidosis-related challenges from
starch fed to ruminants, at least for WCGF (Krehbiel et aI., 1995). Both WCGF and WDGS have
little to no starch remaining following the milling process. Therefore, feeding these bypro ducts
will dilute the starch that is fed and may influence rumen metabolism. Krehbiel et aI., (1995)
observed a decrease in subacute acidosis when WCGF was fed to metabolism steers. In many
experiments, feeding WCGF results in increased DMI, which would be a common observation
with subacute acidosis.
Because processing corn increases rate of digestion by microbes, rumen acid production
is increased and the risk of acidosis is increased (Stock and Britton, 1993). Feeding wet corn
gluten feed (WCGF) helps prevent the risk of acidosis with high-grain diets (Krehbiel et aI.,
1995). Numerous studies have been conducted at the University of Nebraska to determine if
energy values are markedly improved in diets containing WCGF when corn is more intensely
processed. Scott et ai. (2003) evaluated various corn processing techniques and observed
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improved feed conversions as processing intensity increased when feeding calves or yearlings.
Macken et ai. (2006) fed DRC, FGC, SFC, and HMC processed as rolled (roller mill) and ground
(tub grinder) to calves with all diets containing 25% WCGF. Whole corn was not fed in this
study, but processing corn more intensely significantly improved performance.
Apparently, HMC appears to have greater energy value when diets contain WCGF than
what was previously observed (diets not containing WCGF). Our conclusion is that intense
processing has tremendous value in diets containing WCGF.
However, corn processing in diets containing WDGS appears to be somewhat different
than diets containing WCGF. Vander Pol et aI., (2006) fed diets containing either whole, DRC,
HMC, a 50:50 blend ofHMC and DRC (DM basis), SFC, or FGC to calf-feds for 168 days.
Cattle fed DRC, HMC, or a combination of HMC and DRC gained more and were more efficient
(lower feed conversion) than cattle fed whole corn (Table 3). Interestingly, cattle fed steamflaked corn and finely ground corn were not as efficient as cattle fed HMC or DRC. It is unclear
why SFC and FGC did not respond when diets contained WDGS similar to diets containing
WCGF. More work is in progress to address the optimum corn processing method with diets
containing WDGS.
Table 3. Performance of steers fed 168 days with all diets containing 30% WDGS and corn from
six different processing methods, six pens per treatment
Treatmene
Initial BW, lb
Final BW, lbb
DMI, Ibid
ADG,lb
Feed:gain

FGC

SFC

HMC

704
1271 C
20.4c
3.38c
6.15fi

700
1303d
20.4c
3.59d
g
5.76

700
1352ef
21.0cd
3.8gef
5.46h

DRC:HMC
700
1356ef
21.5d
3.91 ef
5.61 gh

DRC

WC

700
700
1381f
1347e
22.6e
23.1f
f
·3.85e
4.05
5.68gh
6.oi

Where FGC = fine ground corn, SFC = steam-flaked corn, HMC = high-moisture corn,
DRC:HMC = dry-rolled and high-moisture corn combination, DRC = dry-rolled corn, WC =
whole corn.
b Calculated from HCW divided by a common dressing percentage of 63.
c,d,e,fMeans in a row with unlike superscripts differ (P < 0.05).
a

Combinations of corn gluten feed and distillers grains
With the large expansion of ethanol plants in the Midwest, an option for many feedlots in
Nebraska, Iowa, Illinois, Minnesota, etc. will be utilizing both WDGS and WCGF at the same
time. In addition to their commercial availability, another reason for feeding a combination of
WDGS and WCGF is their nutritional profiles. Synergistic effects in feeding a combination of
these byproducts may be observed because of differences in fat, effective fiber, and protein
components. Loza et aI., (2004) fed yearling steers a 50:50 blend ofWDGS and WCGF (DM
basis) at inclusion levels ranging from 0 to 75% DM. This experiment also evaluated different
forage levels. A level of7.5% alfalfa hay was used across all the treatments, and a lower alfalfa
level was included in each of the byproduct diets, decreasing the forage inclusion as the rate of
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inclusion of byproducts in the diets increased (i.e. 25% blend had 5% alfalfa in the lower forage
treatment, 75% blend had 0% alfalfa in the lower forage treatment). Results indicated that there
were no differences in cattle performance between forage levels for each byproduct blend level.
The lack of differences in performance with decreasing forage would indicate that the byproduct
inclusion was enough to prevent the negative consequences of sub-acute acidosis (Table 4). The
analysis of the pooled data from each byproduct level indicated that the performance of the steers
fed the maximum byproduct level (75%), regardless of the forage level, was not different than a
typical corn based diet (0% byproduct blend). However, the diets including a 25 and 50% blend
of WDGS and WCGF resulted in significantly better animal performances than the control. In
conclusion, it is feasible to decrease the forage levels with high inclusion of byproducts.
Producers may also feed levels as high as 75% without negatively affecting performance.
However, optimum inclusion rates of a byproduct blend would be between 25 and 50% DM.
Feeding a combination ofWDGS and WCGF also offers producers greater flexibility. A
major challenge facing some ethanol plants is not having feed for cattle feeders on a consistent
basis. Cattle do not respond well if either WDGS or WCGF, as sole byproducts in the diet, are
removed and replaced with corn abruptly. Therefore, one approach would be to feed a
combination to ensure that at least one byproduct is consistently in the ration.
Table 4. Effect of different inclusion levels of a 50:50 blend of WCGF (Sweet Bran, Cargill,
Blair, NE) and WDGS (Abengoa Bioenergy, York, NE) and forage levels fed to yearling steers.
All diets contain a 50:50 DRC- HMC blend and 5% supplement
Blend:
Alfalfa:
DMI,lb/day
ADG,lb/day

O%DM
7.5
24.3a
3.99a

FIG

6.lOa

25%DM
7.5
5
bc
26.5b
26.3
b
4.57b
4.70
5.80bc
5.60c

50%DM
2.5
7.5
c
25.4
26.1 bc
b
4.55
4.56b
5.59c
5.73bc

75%DM

o

23.0d
3.86a
5.97ab

7.5
23.6ad
3.93a
6.01 ab

a,b,c,dMeanswith different superscripts differ (P<0.05).

Table 5. Effect ofa blend ofWCGF or WDGS or each byproduct fed alone on finishing steer
performance
Treatmenta:
CON
30WCGF 30Blend 30WDGS
60Blend
SE
ADG,lb
4.076
4.47d
4.56de
4.66e
4.27c
0.05
DMI, Ibid
23.8b
26.2d
25.3cd
25.1 c
23.8b
0.3
F:G
5.82d
5.86d
5.58c
5.34b
5.60c
0.07
aBlend= 1:1 WCGF: WDGS (DM basis) at 30 and 60% dietary inclusion. WDGS from Abengoa
Bioenergy, York, NE and WCGF was Sweet Bran (Cargill, Blair, NE)
bcdeMeans with different superscripts differ (P<0.05).
Buckner et al. (2006; Table 5) recently evaluated feeding a blend ofWDGS and WCGF
to determine if there was a synergism between blends compared to feeding either byproduct
alone. Feeding 30% WCGF increased DMI and ADG with no change in F:G (Table 5). Feeding
30% WDGS increased DMI and ADG and decreased F:G. Feeding 15% of each was
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intermediate to feeding either byproduct alone for F:G and ADG. However, by using a blend, up
to 60% of diet DM could be used as total byproduct with significant improvements in ADG and
F:G compared to cattle fed com alone.
In an experiment to mimic a producer that may want to keep WCGF in the diet, but can
purchase varying amounts of WDGS, Loza et aI., (2006; Table 6) evaluated level of WDGS at 0,
10, 15, 20, 25, and 30% of diet DM with all levels containing 30% WCGF (Sweet Bran, Cargill,
Blair, NE). A com based control diet was also fed for a total of 7 treatments and 9 replications
per treatment. Feeding WCGF in this study markedly increased ADG and DMI, and improved
F:G by 4.9% over cattle fed com alone (Table 6). No differences were observed for G:F (0.150,
0.148,0.150,0.151,0.149,
and 0.147 for 0, 10, 15,20,25, and 30%, respectively) when WDGS
was added to WCGF. Because ADG and DMI were maximized with 15 to 20% WDGS added to
the 30% WCGF diets and no change in G:F, we conclude that 45 to 50% byproduct is optimum
when feeding a combination of WCGF and WDGS.
Table 6. Effect of WDGS level with diets containing WCGF
WDGS:
WCGF:
DMI, Ibid
ADG,lb
Feed:gain

0
0

0
30

10
30

15
30

20
30

25
30

30
30

25.3
3.59
6.99

26.4
3.89
6.67

26.4
3.87
6.76

26.6
3.96
6.67

26.4
3.96
6.63

26.2
3.87
6.71

25.7
3.78
6.80

New ethanol industry byproducts
The evolving ethanol industry is continually striving to maximize ethanol production
efficiency. Changes associated with this progress will provide innovative new byproduct feeds
for producers to utilize that may be quite different nutritionally when fed to cattle. One example
of a new byproduct feed is Dakota Bran Cake. Bran cake is a distillers byproduct feed produced
as primarily com bran plus distillers solubles produced from a hybrid wet and dry milling
process. On a DM basis, bran cake contains less protein than WDGS and WCGF, similar NDF
to both feeds and similar to slightly less fat content as WDGS. A study by Bremer et aI., (2005)
evaluated Dakota Bran Cake inclusion up to 45% DM by comparing 0, 15, 30, and 45% of diet
DM. Results indicated improved final weight, ADG, DMI and F:G compared to feeding a blend
of high-moisture and dry-rolled com, suggesting this specific feed has 100 - 108% of the energy
value of com. Dakota Bran Cake is only one example of how new ethanol industry byproducts
will feed relative to traditional finishing rations. Each new byproduct feed needs to be analyzed
individually for correct feeding value. Changes to plant production goals and production
efficiency have a significant impact on the feeding value of bypro ducts produced.
Conclusions
Distillers grains have 120 to 150% the energy value of dry rolled com in beef finishing
diets. Dry bypro ducts have less energy. With feedlot cattle, more intense com processing may be
optimal for diets containing WCGF. It appears that with diets containing WDGS, high-moisture
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com and dry-rolled com work well. In the future, with increased supply of bypro ducts, feeding
combinations of WDGS and WCGF may be advantageous. It also appears that many new
bypro ducts will be available in the future as the processes of making ethanol and other products
from com evolve. These "new" feeds should be evaluated with performance data to determine
how the new byproducts will feed.
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Controlling Energy Costs inFeedlot
Feed Mills
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Afanhaffan, Kansas
The following is an outline of the presentation by Dr. Fairchild. The outline follows the
sequence of visuals in the presentation (ed.).

CONTROLLING

ENERGY COSTS

ELECTRIC POWER
ELECTRICAL ENERGY BILL

"',."

SIGCORP

SIGECO

ACCOUNT NO. 224-904-461500
BILL CYCLE 20
SERVICE ADDRESS
SERVICE FROM 01-15-98
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20 N. W. Four1h Str-. P. O. Bo.569
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TO 02-13-98
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29
DATE BILLED
03-03-98

ELECTRIC INDUSTRIAL SERVICE RATE.LP
METER NUMBER 229989
READING FROM 0000837 TO 0001241 '00000404
MUl TIPUED BY CONSTANT 003600 '001454400 KWH
03229 KVA DEMAND, 02819 KW DEMAN,
03229 BILLING DEMAND
TOTAl BILLED
14
POWER FACTOR MEASURED AT .86
CAPACITY 03229 KVA OF DEMAND AT $7.30 PER MONTH
ENERGY 01454400 KWHIKVA AT $ .02704
KVA DEMAND ADJUSTMENT 4% (23.571.70 X .04)
CURRENT CHARGES
INDIANA SALES TAX

ti\£AS\lct.Et"'It..W"-

POWElL FI\c:ro12. I-"\E"'';>IJIl.~t1~NI

23,571.70 _
39,326.98 _
942.87 _
63.841.55 _
2,298.21

TOTAL CURRENT CHARGES

66.139.76

F ACTORS AFFECTING ELECTRIC BILL
• Demand
ORate of Use
• Amount Of Energy Used
OPlant Manufacturing Requirements
•

pa"''''l'JD

Power Factor
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DEfficiency of Use
POWER FACTOR

o

Motor currents, two components
• Component that magnetizes the motor ( does no work)
DTreated as pure inductance, current lags voltage by 90 electrical degrees
DCalled 'reactive current'
• Component that turns the shaft (does work)
DTreated as pure resistance, current is in phase with the voltage
DCalled 'active current'

o Reactive
•
•
•

Current
Energy not used up, just transferred between motor and source each ~ cycle
Current does not turn watt-hour meter, thus not part ofthe conventional energy bill
Does require conductors to be sized to carry it

o Active Current
•
•
•

Energy used to do work, observed as light, heat, or torque
Current recorded on watt-hour meter and seen as conventional charge for watt-hours on
bill
Conductors must be sized to carry this current also

o How the Power Company
•
•

deals with 'reactive current'
Power company doesn't like it because they have to generate and transport it but don't
get paid for it through energy charge
May assess a 'penalty' if the amount of reactive current you draw is too high (called a
power factor penalty)

o Power factor
•
•
•
•

Ratio of active current/active + reactive current
No reactive current, PF = 1 (good)
Reactive current = active current, PF = .707
Power company usually penalizes if power factor is less than .9 or .95

o Ways to Control! Improve Power Factor
•
•
•
•
•

Energy Efficient Motors
Capacitors
A. C. Variable Frequency Drives
Solid State Motor Starters
Fully Loaded Motors
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DEMAND

o Demand
•
•
•

Factor
Total energy used over specific time (usually 15 minutes) is called 'demand'
Recalculated every 15 minutes and compared to find the highest 'demand' for the month
Charged as a separate item on your bill as a demand charge

o Understanding

Demand
• Use automobile speedometer as analogy to explain demand
DTaking a trip odometer reading every 15 minutes (then resetting) and logging to see which is
the highest reading in the last 30 days is similar to what a demand meter does
DSpeedometer needle indicates instantaneous speed which is analogous to instantaneous use of
power

o Assume
•
•
•
•

a trip with 4 segments1st segment through residential section; highest speed was 30 mph, total of 5 miles in 15
minutes
2nd segment through industrial section; highest speed was 45 mph, total of 9 miles in 15
minutes
3rd segment outside city limits on two lane highway; highest speed was 75mph (passing),
total of 12 miles in 15 minutes
4th segment on interstate highway; cruise control set on 65mph, total of 16.25 miles in 15
minutes

o

Odometer measured the demand; thus the 4th segment had the highest demand even though
the 3rd segment had a higher instantaneous use of power (higher speed)

o

Starting a large motor is like passing a car, the instantaneous use of power is high for a few
seconds but the 'miles driven' does not change that much because the time duration of the
high use is short.

o

If you must produce a given tonnage of feed per day and have no option, then consider the
following analogy• You must drive 1200 miles in 24 hours (one day)
• Could drive 120 mph for 10 hours
• Could drive 50 mph for 24 hours
• 1st demand is 40 (miles driven in 15 minutes)
• 2nd demand is 12.5 (miles driven in 15 min)

o

The demand charge for only driving 10 hours is over 3 times the charge for continuous
driving. Spreading the task over all the available time minimizes the demand. Of course,
other factors may affect your decision on whether to work at a slower pace for 3 shifts, but
those are the type of tradeoffs that affect your demand charge. Managing your demand
includes these types of decisions.
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o Controlling

demand charges has more to do with how hard you work your plant for the
whole measurement period than it does with when you start a pellet mill motor

o

Maximum use rate

o

Off-Peak operations

o

Load shedding

o

Automatic monitoring

Motor Construction

Comparison

Motor Construction Comparison

Premium
Efficiency 90.2%
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Efficiency Comparison

Efficiency Comparison
Low Voltage Motors

-Sta

100

dard

EPkt

200

300

Horsepower

LIGHTING

o

H.E. Sodium Vapor
o Efficient
Economical

o

o

Metal Halide
Natural Color

o

o

Fluorescent

o

Incandescent

STEAM GENERATION
THE BOILER

o

Make-up Water Quality

o Control of Dissolved Solids & pH
o Proper Blow-down Procedures
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-Premium

400

500

o Efficient Combustion
o Automated Control
o Recovery of Flue-gas Heat Losses
BOILER OPERATION

o Combustion

Tablt B.l. ~arul"al ga<;stark loss (%)
But gas

But gas ttmptrarure---rombustion

air temptl'aturt

(cF)

O~ ronttnt

(%)
1.00
1.00
3.00
-t.00
5.00
6.00
7.00
8.00
9.00
10.00
11.00
11.00

~30 150

270

14.49 14.9" 15.36
14.7 15.1 i 15.63
14.9~ 15.4t 15.94
15.2t 15.7 " 16.28
15.5~ 16.1 16.66
15.9t 16.5:.::17.10
16.3~ 16.9S 17.59
16.8t 1i.51 18.16
17.4 18.1 18.83
IS.OS 18.86 19.62
IS.8~ 19.7 20.57
19.81 20.80 21.73

290 310
15.79 16.2~
16.09 16.5
16.42 16.9(
16.79 17.2~
17.2C 17.i::
17.67 lS.2··
18.2C 18.8
18.82 19.4S
19.54 20.2
20.39 21.H
21.42 22.2t
22.66 23.6C

330 350
16.6, 17.11
17.01 17.47
1i.3S 17.87
17.81 18.32
18.2S 18.82
18.8 19.39
19.4 20.04
20.14 20.80
20.96 21.68
21.9 22.71
23.11 23.96
24.5- 25.48

370 390 ·no
17.55 11-9S 18.4
17.93 18.3~ 18.86
18.36 18.s.:! 19.3~
18.S3 19.3' 19.86
19.36 19.91 20.4E
19.9; 20.5 21.1
20.6<! 21.2S 21.90
21.46 21.l 22.79
22.39 23.11 23.8
23.49 24.2 25.0"
24.81 25.6: 26.5
26.43 27.3 28.3

450 470
19.32 19.7
19.79 20.26
20.31 20.80
20.3S 20.9<121.41
21.0< 21.55 22.10
21.71 22.29 22.8~
12.5 23.14 23.77
23.4t 24.12 24.79
24.5' 25.2: 25.99
25.8 26.62 27.41
'1'718 28.24 29.10
_I.j
29.2/ 30.22 31.1S
-t30
18.8~
19.r
19.8')

o Boiler Blowdown
•
•

o

Function of make up and water quality. Better water/less blowdown.
Raise levels of TDS with proper chemical treatment

Waterside scale build up can decrease boilers efficiencies
• 1/16" thick = 15% more fuel
• 1/8" thick = 20% more fuel
• 1/4" thick = 39% more fuel

o Fireside sooting also will decrease

efficiencies

BOILER ROOM EQUIPMENT

o

Stack Economizers
• Reduce stack temp to 275F
• 1% per 30F
• Economizer Water must be above 180F
•

We DO NOT WANT TO CONDENSE!
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490

510

20.2 20.6<!
20.T 21.2C
21.3( 21. 7~
21.9" 22.4C!
22.6~ 23.2C
23.4C!24.0'
24.3~ 25.0
25.4 26.1,
_1.
26.7 r.4<1
28.1S 28.98
29.9 30.8
32.1 33. OS

o

Surface Blowdown Heat Recovery
• Heats make-up water
• Cools blowdown

BOILER-OPERA TING PRINCIPALS

o
o

Lowest Operating Pressure
Short Cycling
• High turndown on burners
• Increase burner on-off setting
• Avoid Short cycling losses (15-20%)

STEAM COSTS

o

COST

•
•

OF GAS AND STEAM!

@$9.00/MMBtu for gas =
$12-14 per/lOOOlbs steam
@$12.00/MMBtu for gas =
$16-18 per/lOOOlbs steam

,

STEAM DISTRIBUTION SYSTEM

o Proper Designed

o

System

Properly Sized Piping

o Full Insulation
o

-

%"BSP
drain

- No BARE PIPE!!

Properly Operating
•
•
•

Valves
Regulators
Traps
Table 6. Steam leak ratf1

STEAM LEAKS

Hole
diamt'ter
(in.)
V8
lJ4
3i8
11'
3i4
1.00
1.~5
1.50
J_

Leak rate (Ibm:b) at steam temperature of 5000F
Steam preS'iUl'e(p?;>
50

100

150

200

~50

300

350

23
91
206
366
822
1.462
2,285
3,290

41
163
366
651
1,465
2,605
4,071
5,862

59
235
529
940
2,115
3,761
5,876
8,462
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96
382
860
1,528
3,438
6,112
9,551
13,753

119
478
1,075
1,912
4,302
7,648
11,949
17,207

134
536
1)07
2,145
4.826
8,580
13,406
19,305
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308
693
1,232

2,773
4,929
7~702
11,091

STEAM LEAKS

Assume
Leaking trap - 1/4" orifice and 100 psig operating pressure

o

o

163 Ib/hr x 8760 hrs/year

o

1427 Mlb x $9 per thousand

=

1,427,880 Ibs of steam per year from (1) trap
=

$ 12,843/year from (1) trap

PIPE INSULATION LOSSES

o

Insulated vs Uninsulated Pipe

o

100 ft. of 6" Dia. Pipe operating at 100 psig

o

Line Temperature is 300°F

o

Boiler operates 6000 hours per year

o

Uninsulated heat loss = 508mm BTUs/yr

o

Insulated pipe (1") heat loss = 46mm BTUs/yr

o

Savings @ $9.00/mm BTUs = $4158/yr

STEAM GENERATION

o

Minimizing Steam Use/Loss

o

Operate at lowest pressure possible

o
o
o

Operate to deliver proper steam quality
Return all unused steam (condensate) to boiler

o

Properly insulate supply and return lines

o

Use only minimum heat needed for:
• Area heating
• Processing
• Heat tracing
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COMPRESSED

o

70% of the cost is electricity

o

1/8" leak @ 100psig.

=

AIR

8,800,000 cu.ft./yr

o 1/8" leak @ $0.06 kwh = $ 1440/yr
o +/- 2psig pressure change = +/- 1% energy use
o

10 degree inlet air change

o Maximum

= +/-

drop across system

=

1% energy use
15psi

CONVEYING

EQUIPMENT

Energy Used per Tons Conveyed per unit of length:

o Air Systems

- Highest Energy Use

o Screw Conveyor
o DraglEn-Masse Conveyor
o Bucket Elevator (vertical only)
o Belt Conveyor - Lowest Energy Use
POWER TRANSMISSION

o
o
o
o
o

Use proper weight lubrication
Keep chain/v-belt drives properly tensioned
Lubricate equipment properly
Keep drives clean
Use A.C. Variable Frequency drives for regularly changing speed requirements
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BULK RECEIVING

o
o
o
o
o

Use A.C. Variable Speed Drives on pit conveyors
Use shallow pit with high speed material handling equipment and minimize dust control
requirements
Install baffles under grating for dust control = less air required
Divide long conveying systems into efficient run lengths
Use gravity wherever possible

CLEANING

o Use Deck Type, Rotary Type or Drag Type Cleaners
o Avoid Air Cleaning

or Aspiration

STEAM FLAKING

o

Keep Roll Motors Fully Loaded (90% + of capacity)

o

Insulate Steam Chests to retain heat

o

Use Drag Conveyors and Belts to Convey Flakes
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STEAM FLAKE TRANSFER SYSTEMS

o

4- 24x36 Flaking Rolls Per Transfer System.

o

Original Transfer System: Negative Air Lift @ 75hp

o Replaced

with Stainless Steel Drag Conveyor @ 20 HP

PROPORTIONING/BLENDING

o

Use variable speed drives on feeders

o Correctly
o

size and power the feeders.

Design scale hoppers for cleanout and access without having to use vibrators or air sweeps.

MIXING

o

Use proper mixer for the job

o Power mixer properly
o

Minimize cycle time, don't mix more than needed

LOADOUT

o

Use gravity - minimize conveying

o Check equipment
o

for air leaks

Design system to load without truck movement

ESTIMA
I.

o

TED

FLAKING

GENERAL ASSUMPTIONS

1. Dimension of flaking rolls: 24

x

42 inches

o

2. Production rate: 10 tons per hour

o

3. The boiler is fueled with natural gas
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COSTS

II. ENERGY

o

COST ASSUMPTIONS

1. Electrical costs: $0.08 per kwh

o 2. Natural
III.

gas cost: $7.50 per million BTU

ELECTRICAL MOTOR ASSUMPTIONS

o

1. Three phase motor

o

2. Horsepower: 100

o

3. Full load amperage: 125

o

4. Operating amperage: 100

o 5. Voltage: 440
o 6. Power factor: 0.90
IV.

STEAM CONDITIONING ASSUMPTIONS

o

1. Pre-conditioning com temperature: 70°F

o

3. Post-conditioning com temperature: 200 OF

ELECTRICAL COSTS:

o

Formulas:
Kw = (amperage x voltage x Oil3 x power factor)/1000
= (lOOamps x 440 volts x Oil3 x 0.9)/1000 = 68.5 kw

o

Kwh/ton = kwltons per hour
= 68.5 kw 1 10 tons/hour = 6.85 kwh/too

o

Cost per ton = kwh/ton x $/kwh
= 6.85 kwh/ton x $0.08/kwh = $0.548/too

STEAM COSTS:

o

Determine the amount of steam required to heat 2000 lbs of com from 70°F to 200°F.
Assume the steam enters the steam chest at 30 psig and at a quality of 97%. The specific
heat of com is 0.484.

o

psia = 30 + 14.7 = 44.7

o

At 44.7 psia:
hf = 242.92
hfg = 970.3
hg = 1171.9

At 14.7 psia:
hf =180.07
hfg = 929.0
hg= 1150.4
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o

Since the steam is of97% quality, the original enthalpy of the steam will be:
hI = 242.92 + 0.97 x 929 = 1144.05

o

The final. condition of the condensed steam will be a liquid at a temperature of 200°F and a
pressure of 14.7 psia and the final enthalpy will be:
h2 = 200 - 32 = 168 btu/lb

o

Assuming that 10% of the heat is lost via the steam chest, the heat required to raise the
temperature of one pound of corn will be:
(0.484 x (200 - 70)) / 0.90 = 69.91 btu/lb

o

The weight of steam required per pound of corn:
69.91/(1144.05 -168) = 0.07163 lbs ofsteam/lb of corn

o

The total heat required from the boiler, assuming feed water at 50°F and a steam quality of
100% would be:
Q = 1432.6 x (242.92 - 18.07 + 929.0) = 1,653,005.51 btu per hour

o

Assuming that the boiler is 85% efficient:
1,653,005.51/0.85 = 1,944,712 btuperhouror

o

o

Natural gas costs:
194,471/1,000,000

=

0.0.1945

x

$7.50

=

194,471 btuperton

$1.458/ton

TOTALCOST

$0.548 Electrical
+ $1.458 Natural gas
$ 2.00 per ton of corn

o

o
o
o

SUMMARY
Match the size and capacity and energy needs of the equipment to the required processing
rates
Do not process any more than is required
Conduct regular mill energy use inspections/audits
Operate a comprehensive preventative maintenance program
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University Research Updates

Recent Beef Cattle Nutrition and Management

Research - West Texas A&M University-

Mike Brown
Division of Agriculture, West Texas A&M University, Canyon and Texas Agricultural
Experiment Station, Amarillo
Effects of protein concentration and degradability on extent of digestion (in collaboration with
NA. Cole)
Seventy yearling steers (arrival BW = 717 lb +/- 51 lb) were adapted to a cornmon 90%
concentrate diet based on steam-flaked com and fed for 70 days before selection for the study.
After 70 days on feed, 48 steers were implanted with Revalor-S and were blocked by BW into 6
blocks. Each block was sequentially transported to the USDA ARS facilities in Bushland, TX
approximately 14 to 21 days before treatment assignment. At Bushland, steers were housed in
one of three pens each containing nine Calan gate feeders and steers were trained to operate the
Calan gates over 14 to 21 days. After the training period, 6 steers within a block were weighed
before feeding and were randomly assigned to treatments in a 2 X 3 factorial of dietary CP (11.5
or 13.0%) and protein degradability (100:0, 50:50, or 0:100 of urea N:cottonseed meal N). Each
block received treatments for 28 days before slaughter; treatment diets contained 0.3% Cr203 and
were fed every 2 h during the final 14 days (day 15 to 28).
Feed intake by steers in each block was limited to the ad libitum feed intake of the steer
consuming the least DM to avoid feed refusal. Samples of feed offered were collected on days
25 to 28, and any feed refused during that time was collected and stored frozen until analysis.
Venous whole blood was for plasma urea N determination (direct assay) and freshly voided feces
were collected twice daily on days 26, 27, and 28. Samples were lyophilized, ground to pass a 1rnm screen, and assayed for N, starch, ash, and P.
Data were analyzed as a randomized complete block design using mixed model
procedures of SAS. The model included the fixed effects of dietary CP, protein degradability,
and the interaction, whereas block served as a random effect. No main effect interactions were
evident (P > 0.10), and the simple effects of protein degradability were partitioned into linear and
quadratic components.
Steer DMI averaged approximately 8.3 kg (18.4lb; Table 1). Protein concentration
averaged 11.5 and 12.8% during the study. Neither protein concentration nor degradability
altered total tract apparent OM digestibility, starch digestibility, protein digestibility, or
phosphorus digestibility (P > 0.05). Plasma urea N concentration tended to be lower (P < 0.10)
for steers fed 11.5% CP than for steers fed 13% CP diets.
Zinc source, feedlot performance, and carcass merit
Crossbred steers (n = 262; 622 lb initial BW) were blocked by BW, assigned to three
treatments (10 pens/treatment), and fed for 176 d. Steers were fed a 90% concentrate diet based
on steam-flaked com without supplemental Zn (NC), NC plus 90 mg Zn/kg DM from ZnS04
(S), or NC plus 35 mg Zn/kg DM from Availa®Zn and 55 mg Zn/kg DM from ZnS04 (AS).
Steer DMI (18.9, 18.6, 18.5 +/- 0.27 lb/d for NC, S, AS, respectively) and adjusted ADG (3.83,
3.82, and 3.88 +/- 0.07Ib/d) were similar among treatments. Adjusted feed efficiency was
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improved by feeding Zn (P = 0.06). Although adjusted feed efficiency did not differ between
NC and S (4.94 vs 4.88 +/- 0.05), efficiency tended (P = 0.13) to be improved for AS compared
to S (4.79 vs 4.88). Fewer carcasses graded at least low Choice when Zn was fed (P < 0.10), but
marbling score was at the juncture between Small and Slight marbling (P < 0.05; 404, 385, and
387 +/- 8 for NC, S, and AS, respectively) and net return was not affected. Hot carcass weight,
fat thickness, Longissimus muscle area, and yield grade were similar (P > 0.10) among
treatments. Gain efficiency by feedlot cattle was improved by providing supplemental Zn, and
efficiency tended to favor feeding a blend of Availa®Zn and zinc sulfate.
Table 1. Effects of protein concentration and degradability (urea N:cottonseed meal N) on total
tract digestiona
Crude protein
Degradability
11.5%
13.0%
SE
100:0
50:50
Item
0:100
SE
11
17
17
11
12
Animals
8394
8477
Dry matter intake, g
85.1
Organic matter digestibility, %
86.5
98.9
99.2
Starch digestibility, %
Crude protein digestibility, %
77.7
77.5
58.1
50.7
Phosphorus digestibility, %
10.1c
8.8b
Plasma urea N, mg/dL
aProtein concentration x degradability (P > 0.30) for all
b, cMeans tend to differ (P < 0.10).

8454
313
1.0
84.6
0.4
98.5
1.8
75.3
48.3
4.2
0.5
10.1
variables.

8496
86.2
99.2
80.2
56.7
9.2

8356
86.6
99.2
77.4
58.3
9.1

316
1.3
0.5
2.1
5.1
0.6

Influence of breed type and(or) temperament on performance and physiology (in collaboration
with Rhonda Vann [MS State), Ron Randel [TAES Overton}, Tom Welsh {TAMU}, Jeff Carroll
[ARS Lubbock}, and Ty Lawrence [WTAMUJ)
Our role has involved capturing feedlot performance of calves produced from cow herds
at Brown Loam, MS and Overton, TX involved in this project. In Exp. 1, 20 Angus and 20
Brahman steers were used to study the influence of breed type and temperament on growth
performance and carcass traits (2 pens/temperament x breed combination). Temperament
classifications for each animal were assigned at weaning. Classifications (calm or excited) were
derived by combining a behavior score determined in the pen and chute exit velocity (time to
travel 1.83 m). Steers were grazed on rye-ryegrass for 130 d after weaning before entering the
feedlot. Blood samples were collected at arrival and at slaughter to quantify cortisol and
catecholamines. Tissue samples were also collected at slaughter for RNA isolation.
Angus steers required fewer days on feed than Brahman steers (P = 0.03; 165 vs 192), as
did calm compared to excited steers (P = 0.08; 170 vs 188 d). Brahman steers ate 18.5% less
feed DM (P < 0.01), gained 12% less weight/d (P = 0.06), and were 7.5% more efficient (P =
0.05) than Angus steers. Temperament did not influence feedlot performance (P> 0.10).
Carcasses from Angus steers were fatter (P < 0.01; 1.42 vs 1.03 cm) and steaks displayed a lower
shear force (P = 0.07; 2.8 vs 3.2 kg), whereas carcass from calm steers were fatter than those
from excited steers (P = 0.06; 1.30 vs 1.18 cm). Marbling score was reduced more by an excited
temperament for Brahman than for Angus steers (breed type x temperament, P = 0.08).
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Temperament, but not breed type, influenced cortisol concentration (P < 0.01; 16.98 and
31.07 ± 3.7 ng/mL for calm and excited), epinephrine concentration (P < 0.05; 136.7 and 490 ±
159 pg/mL for calm and excited), and norepinephrine concentration (P < 0.05; 307.23 and
1119.83 ± 428 pg/mL for calm and excited). Breed, but not temperament, influenced adrenal
gland area (P < 0.05; 121. 37 and 106.53 ± 4.8 mm2 for Angus and Brahman) as well as cortical
area (P < 0.05; 91.06 and 80.53 ± 4.2 mm2 for Angus and Brahman). Brahman steers had lighter
whole pituitaries (P < 0.01; 1.27 vs 2.11 ± 0.04 g) largely due to lighter anterior pituitaries (0.97
vs 1.65 ± 0.07 g). Breed type influenced growth performance, carcass quality, and anatomic
parameters of the hypothalamo-pituitary-adrenal axis, whereas temperament influenced carcass
fatness and quality and endocrinologic function of the adrenal cortex and medulla. A second
experiment with temperament treatments only is currently underway.
Effects of grain processing methods on growth performance and carcass characteristics
Crossbred yearling steers (n = 162) were processed on arrival and adapted to a 91%
concentrate diet before the study began. Steers were weighed on consecutive days after
adaptation to determine initial weight, blocked by body weight, and assigned randomly to
treatments. Treatments included 91 % concentrate diets containing com that was steam flaked,
dry rolled, or dry rolled and incubated with a urea (40% w/w) and amylase solution (from
Aspergillus niger) for 18 h before incorporation into the diet. Steers were housed in 18 pens (9
steers/pen; 6 pens/treatment) and fed for 103 days.
Steers fed steam-flaked com consumed less DM (P < 0.01) than steers fed either dryrolled com or dry-rolled com treated with urea and amylase (22.9, 24.3, and 24.7 ± 0.30 Ib/d,
respectively). Carcass-adjusted ADG tended to be lower for steers fed dry-rolled com than for
steers fed treated dry-rolled com (P < 0.15; 4.43, 4.26, and 4.47 ± 0.10 Ib/day). Relative to
steers fed dry-rolled com, carcass-adjusted feed efficiency was improved (P < 0.10) by
approximately 3% for steers treated dry-rolled com and an additional 6% for steers fed steamflaked com. Hot carcass weight, Longissimus muscle area, ribfat thickness, marbling score, and
yield grade were not influenced by treatment (P > 0.10). More carcasses from steers that
received treated dry-rolled com graded average and high Choice (P < 0.10) and fewer carcasses
graded low Choice (P < 0.10) compared to carcasses from steers that received steam-flaked com,
but the number of carcasses grading at least low Choice did not differ among treatments (64.0,
61.1, and 57.7 for flaked, dry-rolled, and treated dry-rolled com, respectively). There was also a
shift toward fewer yield grade 2 carcasses (P < 0.10) from steers that received SFC compared to
steers fed dry-rolled com of either form. Feed efficiency by feedlot cattle was improved by
treating dry-rolled com with urea and amylase or steam flaking the grain.
Other studies in progress
Several studies are at various stages of completion, but experiments due to be completed
in the near future include the following:
1) Exploring the feeding value of humate by dose titration with individually fed steers (9
steers/treatment). Humate is created by organic matter decomposition in soil, and coexists with
coal in coal mines. Humate is composed of salts of humic and fulvic acids and is a concentrated
source of iron and aluminum. It has been used as a soil amendment to alter plant nutrient
availability and has reduced in vitro ammonia emissions from cattle waste at high rates of
application.
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2) Efficacy of a direct-fed microbial product. Two hundred ten yearling steers were procured
from a growing facility and fed alfalfa hay for approximately 14 d to ensure that the rumen was
naIve to starch fermentation. We assigned 200 steers (10 steers/pen) to treatments of a negative
control or Micro-Cell LA (5 x 108 CFU of Lactobacillus acidophilus/animal daily) for 28 days
followed by Micro-Cell PB (I x 109 CFU of Propionibacteriumjreudenreichii/animal
daily)
from day 29 to slaughter.
3) Evaluation of copper sources. Five hundred sixty eight calves were procured from sale
barns in Texas and enrolled on arrival (50 pens total) to five treatments: A) a basal 60%
concentrate diet without supplemental Cu; B) the basal diet + 20 ppm of supplemental Cu from
CUS04; C) the basal diet + 20 ppm of Cu from a Cu chelate; D) the basal diet + 20 ppm of Cu
from a blend of 50% CUS04 and 50% Cu chelate; and E) the basal diet + a nutrient gel on arrival
+ a 50:50 blend (inorganic:chelated) ofCu (20 ppm supplemental) and Zn (100 ppm
supplemental). Serum Cu and ceruloplasmin concentrations will be determined to compliment
growth and health data.

Recent Feedlot Research - University of Minnesota
Alfredo DiCostanzo
Department of Animal Science, University of Minnesota, St. Paul
Introduction
In today's socio-economic climate, feedlot operators are challenged to maintain or enhance
production efficiency under social pressure to reduce reliance on antibiotics and growthpromoting agents, to reduce or eliminate nitrogen and phosphorus un-loading in the environment,
and to produce beef that is of consistent quality, safe and wholesome within animal welfare
guidelines. Thus, guiding objectives of feedlot research at the University of Minnesota focus on:
1.
2.

Optimizing nutrient utilization for productive processes while reducing nutrient output and
environmental impact.
Devising feeding and management strategies that reduce impacts of factors that negatively
affect performance and production efficiency of the beef cattle production enterprise.

These objectives are aligned with objectives of the NCR-206 committee (Nutrition and
Management of Feedlot Cattle to Optimize Performance, Carcass Value and Environmental
Compatibility): 1) to discover and develop management strategies that facilitate feedlot cattle
production in an environmentally and economically sustainable manner, and 2) to investigate
alternative feeding programs and management strategies to enhance cattle health, well-being,
performance, and carcass value.
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Research Projects
Influence of polyclonal antibody preparations against Streptococcus bovis and other rumen
bacteria on batch culture pH and VFA measurements. DiLorenzo, Nand A. DiCostanzo.
University of Minnesota, St. Paul.
We have previously evaluated effects of feeding avian-derived polyclonal antibody
preparations against Streptococcus bovis on rumen bacteria and pH in vivo (DiLorenzo et aI.,
2006). Further studies with this and new preparations against multiple bacteria (primarily
Streptococcus bovis) were undertaken to determine a rapid bioassay to test preparation
effectiveness, and to further understand effects of these preparations in vitro. Rumen batch
cultures in 500-mL flasks infused with 200 mL of rumen fluid and 200 mL of McDougall's
artificial saliva to which 40 g glucose and doses of polyclonal antibodies either as pasteurized
eggs or in a molasses-buffer preparation were added in a completely randomized repeated
measures design. Samples were taken at 0,3,6,9, and 12 h post-infusion for pH and, where
required, VF A and NH3- N concentrations. Polyclonal preparations against S. bovis alone or in
combination with antibodies against other rumen bacteria increased rumen pH 6 h post-infusion.
Total VF A were greater in cultures infused with eggs containing polyclonal antibodies against S.
bovis at 9 h post-infusion than in those infused with non-immunized eggs. Greater acetate
concentration at 9 h post-infusion in cultures infused with immunized eggs was responsible for
greater total VFA concentration. In spite of this increase, the acetate-to-propionate ratio was not
affected. These results obtained n vitro observations support in vivo results that demonstrate that
antibody preparations against S. bovis modulate rumen pH and alter VF A concentrations, mainly
by increasing acetate concentration without a change on the ratio of acetate to propionate
concentration.
Effects of feeding a polyclonal antibody preparation against Streptococcus bovis and other
rumen bacteria on rumen fermentation of heifers with induced acidosis. M Bianchi, S.
Calsamiglial, N DiLorenz02, A. DiCostanz02, I Universitat Autonoma de Barcelona, Bellaterra,
Spain, 2University of Minnesota, Sf. Paul.
The effects of feeding an avian-derived polyclonal antibody preparation against
Streptococcus bovis, and other rumen bacteria (RMT) on rumen fermentation were studied in a
completely randomized experiment using 12 crossbred heifers (1,000 lb). Heifers were subjected
to an acidosis-induction protocol with (RMT, n = 6) or without (CTL, n = 6) RMT treatment
(dosing 5 mL RMT preparation/hd/feeding or 10 mUd). The acidosis-induction protocol
included three periods: 3-mo baseline (100% tall fescue hay fed ad libitum), 10-d (experimental
d 1 to 10 d) adaptation (tall fescue hay fed ad libitum), and 11-d (experimental d 11 to 22) grain
challenge-feeding (2.5 kg concentrate containing 16.42% CP/hd on d 1, increasing 2.5 kg/hd/d
thereafter until achieving 12.5 kg concentrate/hd/d; heifers had access to tall fescue hay).
Acidosis was declared when pH reached 5.5 and/or when concentrate intake was reduced more
than 50% compared with concentrate intake the previous day. When a heifer reached acidosis,
she was taken out of the experiment. Samples of ruminal contents were collected at 0 and 6 h
post-feeding to determine pH, VF A, lactate, and NH3-N concentration. Heifers fed RMT had
greater pH values at 0 h post-feeding on d 16 (6.70 vs 6.11), 18 (6.54 vs 5.95) and 19 (7.26 vs
6.59). Heifers fed RMT had higher concentrations of acetic acid (81.8 vs 90.3 mM for CTL and
RMT respectively) and total VFA (132.9 vs 147.1 mM for CTL and RMT respectively) at 6 h
post-feeding throughout the grain challenge-feeding period (11 to 21 d). These results indicate
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that RMT may be effective in preventing excessive reductions in pH, and maintaining rumen
function in cattle challenged with acute grain feeding.
Analyses of field studies involving intra-nasal application of polyclonal antibody preparations
against respiratory disease pathogens in receivingfeedlot cattle. A. DiCostanzo. University of
Minnesota, St. Paul
Data from seven experiments designed to evaluate NPCoat, an intranasal preparation of
avian-derived polyclonal antibodies against various respiratory disease pathogens formulated by
CAMAS, Inc. (Le Center, MN), were analyzed for efficacy to reduce morbidity or mortality in
receiving cattle. In all experiments, cattle were procured from at least one sale barn in the
southeast US, Kansas or California. Cattle were processed within 24 h from arrival. In all
experiments, cattle received a 4-way modified-live vaccine on arrival, a 7- or 8-way bacterin (on
arrival or 7 to 9 d later), and endectocide (except in one study). In some of the experiments,
cattle received metaphylactic doses of antibiotics. At the time of initial processing and follow-up
vaccine booster administration (7 to 9 d), cattle received 1.5 ml NPCoat intranasally. In one of
the experiments, an NPCoat formulation was also offered via a lick tank formula (3 ml/pound).
All observations were confirmed and finalized by at least 30 d on feed. Data were analyzed
within each experiment using Chi-square procedures. Feedlot morbidity or mortality was lower
in cattle treated with NPCoat in every study conducted regardless of location; time of the year,
sex, in weight, or whether the study was blinded or not. In six out of the seven studies, feedlot
morbidity was lower (P < 0.05) for cattle treated with NPCoat. In the one study where morbidity
was not affected, mortality was 38% lower (P = 0.075) in cattle treated with NPcoat. In one
other study, there was 88% lower mortality in cattle treated with NPCoat. Thus, it appears that
NPCoat is effective at reducing disease incidence and resulting death loss when it is a component
of an integral health program for receiving feedlot cattle.
Use of wet distillers' grains infeedlot diets: A multi-study analysis approach. A. DiCostanzo.
University of Minnesota, St. Paul.
A summary of university studies published in 1984 (NCR, 1984) projected that if
supplies of distillers' grains would increase, their application in feeding cattle would extend to
supply energy as well as protein. In studies reported therein, daily gain and feed efficiency were
improved by including wet distillers' grains (WDG) at up to 63.8% of the diet dry matter. More
recent studies suggest that there are diminishing returns to increased concentration of dry-milling
co-products in diets of feedlot cattle (Larson et aI., 1993). The difficulty with interpreting the
combined results of various studies published since 1994 is compounded by the fact that
distillers' grains contain significant amounts of rumen un-degradable protein (38 to 66%;
Mustafa et aI., 2000), and supplements formulated to balance nitrogen concentration vary in the
amount and source of rumen un-degradable protein (DIP). Thus, data reported in various
university studies published since 1993 in refereed journals and university research reports were
compiled and analyzed to determine effects of type and concentration of wet com distillers'
grains on gain, intake and feed efficiency of feedlot cattle. Data were adjusted for differences in
location, sex, age (yearling vs calf), dietary DIP (% diet DM), and dietary energy. In addition to
WDG concentration in diet DM (both linear and quadratic components), significant effects for
DIP concentration, net energy of gain and initial weight were observed for ADG. Gain was
increased 0.2 lb for every percentage unit DIP, indicating an enhancement effect when DIP is
taken into consideration. Maximum ADG occurred when WDG content of the diet was 17%
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(DM basis). Similarly feed efficiency (analyzed as lb DM/lb gain) was improved with
diminishing gains as WDG content of the diet approached 27% (DM basis). Feed efficiency
improved 0.14Ib/lb gain for every percentage unit DIP, indicating again an enhancement effect
when DIP is taken into consideration. Increasing WDG content reduced DMI at the rate of 0.05
lb for every percentage unit WDG, but DIP increased DMI 0.38 lb for every percentage unit
WDG.
Manipulatingforage-to-concentrate
ratios to enhance performance and carcass traits of
Holstein steers. A. DiCostanzo. University of Minnesota, St. Paul.
Value-based marketing systems dictate that the nutritionist formulating diets and
recommending dietary manipulations for Holstein steers in integrated systems from calf to
finished steer take into consideration diet and management effects on marbling, longissimus area
and dressing percentage. Effects of forage-to-grain ratios and intake manipulations on
performance and carcass traits need to be assessed to optimize forage inclusion rates for whole or
processed grain to ensure performance and profitability of Holstein feeding systems. Regression
procedures were used to determine optimum forage inclusion rates for whole or processed grains
based on performance and carcass trait response. Maximum ADG response was achieved when
forage concentration of growing and finishing diet was kept to 17% and 4% of diet DM,
respectively. Rolled, steam-flaked corn, whole corn and corn silage supported similar gains that
were greater and more efficient than feeding either ofthese grains combined with built-in
roughage systems, hay or haylage. Resulting values for net energy for gain of corn silage and
alfalfa were 43 Mcal/cwt and 30 Mcal/cwt, respectively. As expected, the response by dressing
percentage and yield grade or marbling to greater forage content in the growing diet and
finishing period, respectively, were negative. Area of longissimus responded only to type but
not concentration of forage during the growing period. Steers fed whole corn, steam-flaked corn
or high-moisture corn and corn silage had longissimus areas that were greater (P < 0.05) than
those of steers fed these grains with hay, haylage or built-in roughage. Alternative management
methods such as managed intake (programmed feeding or limit-feeding) led to non-significant (P
= 0.08) reductions in ADG with concomitant improvements in feed efficiency, dressing
percentage, marbling, and greater yield grade. In addition, a significant (P < 0.05) reduction in
liver abscess incidence with managed intake was also observed.
Work In Progress
Effects of feeding protected choline on arrival or during optaflexx feeding on performance
and carcass characteristics offeedlot cattle. R.K Gill I, CR. Dahlen 2, TM Peters 3, and A.
DiCostanzo I. 1 Department of Animal Science, 2 Northwest Research and Outreach Center
(NWROC), University of Minnesota, and 3 Dekalb Feeds, Inc. Dekalb, II.
Protected choline additions to diets of feedlot cattle have resulted in improved
performance in the feedlot with concomitant improvements in carcass characteristics (Bryant et
aI., 1999; Bindel et aI., 2000). Results from a replicated study evaluating protected choline in
cattle fed Optaflexx during the last 28 to 42 d under commercial conditions revealed no effect on
quality grade, but improvements in gain and feed efficiency (T.M. Peters, personal
communication). This suggests that protected choline may enhance response to Optaflexx.
Additionally, protected choline may enhance lipid metabolism during early adaptation to feedlot
diets, thereby enhancing marbling and quality grade. Therefore, the study reported herein was
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designed to test feedlot and carcass response by feedlot cattle to feeding 5 g protected
cholinelhead daily at strategic times during the feeding period. Two hundred crossbred steers
(average weight, 6721b) were allocated to 16 pens (10 to 14 steers/pen) within weight class at
the research feedlot of the NWROC. Pens were randomly assigned to one of four dietary
treatments resulting from a 2X2 factorial nested combination of treatments (protected choline, 0
vs 5 glhd/d nested within feeding period, initial 1 to 42 d vs final 42 d on feed). At 42 d on feed,
feeding protected choline (n = 8 pens) had no effect (P > 0.10) on ADG, DMI, or FTG (analyzed
as gain-to-feed).
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University Research Update-University

of Nebraska

G. E. Erickson
University of Nebraska, Lincoln
Introduction
In the feedlot nutrition area, we have been working on numerous areas of interest.
Research has been focused on grain milling byproduct utilization (distillers grains and com
gluten feed), grain utilization including research on rumen acidosis and starch utilization,
environmental issues related to decreasing N losses and improving use of P, methods to decrease
incidence ofE. coli 0157:H7, and growth promotion including work with feed additives,
implants, and Optaflexx. Because we have a paper describing use of distillers grains and some
with com gluten feed, this paper will focus on an update of research on a few key areas related
including P research, grain and starch utilization, E. coli 0157:H7, and Optaflexx. For more
complete information on our program efforts, the 2006 Nebraska Beef Report and previous years
are available electronically at: http://beef.unl.edu under reports.
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Phosphorus research
Our recent research on P requirements has elucidated that the requirement for P by
finishing cattle is less than 0.15%. In our most recent experiment with finishing heifers, the
requirement for maximum gain and bone mineral status was calculated to be 0.12% (Geisert et
aI., 2004; Erickson et aI., 2002; Erickson et aI., 1999). In these experiments, com cannot be fed
because it contains too much P. Therefore, com starch, com fiber (bran) and other ingredients
low in P were fed to mimic com finishing diets without P. Because com (and other grains)
contains approximately 0.30%, our conclusion is that P supplementation is certainly unnecessary,
costs producers, and requires extra cost for manure spreading based on P content.
Our focus has now shifted to dealing with the P that is provided in com and com
byproduct diets. Common questions have been how much manure P is increased when
byproducts are utilized, what is the nutrient mass balance in commercial feedlots, and lastly, how
much does it cost to distribute the excess P in finishing diets.
Kissinger et aI., (2006a) evaluated nutrient mass balance in commercial feedlots and
determined that approximately 90.2% of the P excreted is removed in manure at cleaning.
However, the relationship between P excreted and P removed in manure is variable due to
cleaning pen variability related to moisture, depth of cleaning, time of year, etc. More
importantly, Kissinger et aI., (2006b) evaluated costs of distributing P using different case
scenarios of 2500, 10,000, and 25,000 head capacity feedlots feeding com based diets (0.29%),
20% distillers grains (0.39%), or 40% distillers grains (0.49% P) on a DM basis. We evaluated
different application timing, land availability, crop rotations, and utilized manure amounts from
the commercial nutrient balance experiment. Costs increased as P in the diet increased because
more land was required (Table 1). Acreage needs assuming 50% land available increased from a
total area need of 1320 to 2500 for the 2500 head capacity feedlot when dietary P was increased
from 0.29 to 0.49%. Costs were increased as well by feeding greater P and spreading it further
with cost increases of$0.90, $1.20, and $2.75 for the 2500, 10,000,25,000 head feedlots,
respectively, when dietary P was increased from 0.29 to 0.49% of diet DM. Interestingly, if more
P was fed by increasing distillers grains, more P was provided as fertilizer in manure. Therefore,
if manure can be marketed based on nutrient content, then the extra P is worth more than the cost
of spreading the manure.
Table 1. Mass balance for P expressed as g per steer daily (Kissinger et aI., 2006a) using over
6300 head in six commercial feedlots for an annual cycle
Mean
P intake, g/d
Pretention, g/d
P excretion, g/d
P manure, g/d
P lost, g/d
% lost, % excreted

40.2
6.8
33.4
30.1
3.3
9.8

CV
20

49
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Minimum

Maximum

30.2
5.4
22.7
2.7
-21.4
-94.3

52.4
9.0
50.4
58.1
24.4
89.9

Table 2. Acreage needs, cost of distributing and net manure valuea based on size, and dietary P
concentration from different inclusions of distillers grains (Kissinger et aI., 2006b) assuming a
com-soybean rotation, 50% land availability surrounding the feedlot, and applications for a 4year P crop removal.
Feedlat capacity

2500

10,000

25,000

1,320
1,900
2,500

5,300
7,600
10,000

13,200
19,000
25,000

(3.00)
(3.50)
(3.90)

(2.10)
(2.70)
(3.30)

(3.00)
(4.30)
(5.75)

2.50
4.30
6.10

3.50
5.10
6.80

2.50
3.50
4.30

Acres

o byp 0.29 P
20 byp 0.39 P
40 byp 0.49 P
Casts af distributing P, $per head
o byp 0.29 P
20 byp 0.39 P
40 byp 0.49 P
Net value af manure, $per head
o byp 0.29 P
20 byp 0.39 P
40 byp 0.49 P
a

Net value of manure is based on value of manure nutrients minus the cost of distribution. For
example, as more P is fed, more P is in manure at a economic fertilizer value.

Grain utilization
We have been interested in the optimum method of processing com in diets containing
byproducts. There is a wealth of information on com processing in diets not containing
byproducts. However, given how byproducts minimize acidosis-related challenges (Krehbiel et
aI., 1995), we hypothesized that feeding more intensely processed com may be advantageous as
long as the com was provided with com gluten feed or with distillers grains byproducts. Scott et
aI., (2003) and Macken et aI., (2006) concluded that when diets contain 22 to 32% WCGF (DM
basis), then feeding high-moisture com or steam-flaked com improves feed efficiency by 8 or
15%, respectively, compared to dry-rolled com feeding. In a summary of com processing
methods without byproducts in the diet suggests that feeding high-moisture com may not
improve feed efficiency relative to dry-rolled com. We conclude that high-moisture com and
steam-flaked com work well with wet com gluten feed. In similarly designed studies with wet
distillers grains, com processing method may interact differently than the trends we have
observed in diets containing WCGF. Vander Pol et aI., (2006) conducted a study evaluating
high-moisture com, dry-rolled com, steam-flaked com, fine-ground com, and whole com.
Interestingly, cattle fed dry-rolled com and high-moisture com did not perform differently;
however, both processing methods improved performance relative to steam-flaked com, whole
com, and finely ground com when diets contained 30% wet distillers grains (DM basis).
Another area of focus has been on com hybrids and impact on performance. Jaeger et aI.,
(2004) fed seven different hybrids ranging in kernel traits. They observed that steers fed larger
and softer kernels were 9.2% more efficiently than cattle fed a small, harder kernel. In this study,
a few unique tests were conducted including a Stenvert test (hammermill grind test oftiming to
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grind, particle size after grinding, and resistance by the grinder), 1000 kernel weight or simply
the weight of 1000 kernels, test weight or weight per volume, and in situ digestibility. There was
a relationship between digestibility and rumen metabolism based on volatile fatty acid
characteristics between these hybrids which matched up closely with the feeding value (Luebbe
et aI., 2005). These comparisons have been conducted with dry-rolled corn. However, the
benefits of hybrid may interact with how corn is processed. Macken et aI., (2003) fed soft, floury
endosperm com and hard, flinty corn as either dry-rolled or high-moisture. Interestingly, cattle
fed the soft endosperm corn were 5.9% more efficient than cattle fed flinty-type endosperm corn
when fed as dry-rolled corn. There were no differences between the two hybrids when processed
as high-moisture com, but performance was better than cattle fed dry-rolled corn. Luebbe et aI.,
(2006a) evaluated digestibility of the poorest performing hybrid, the best performing hybrid, and
an intermediate hybrid when fed as dry-rolled corn and high-moisture corn. In a separate study,
these hybrids were also evaluated for site and extent of digestibility (Luebbe et aI., 2006b) using
the mobile-bag technique. There was good agreement between both methods of determining
total-tract DM and starch digestibility. Digestibility tended to be improved for high-moisture
compared to dry-rolled corn, regardless of hybrids. However, hybrid 3 which was the poorest
performing hybrid when fed to cattle as dry-rolled corn, was not the lowest in digestibility. A
very interesting conclusion from this study is that when com is evaluated using either the mobile
bag technique, or in vivo, particle size is a very important consideration. With hybrid 3, these
kernels were smaller and harder kernels. When the grain was ground to simulate a masticated
sample that would be consumed by cattle, the particle size was decreased more than the other
hybrids. It is difficult to distinguish impact of hybrid, processing method, and particle size
effects on digestibility from the mobile-bag technique .. As expected, feeding high-moisture corn
significantly reduced rumen pH and increased proprionate production. Interestingly, the
acetate:proprionate ratio was markedly influenced by hybrid whether fed as dry-rolled corn or
high-moisture com. This measurement may prove useful in future studies evaluating digestion of
different corn hybrids and may partially explain feedlot performance differences as hybrid 3 had
the greatest A:P when fed as dry-rolled corn.
Table 3. Effect of corn hybrid on performance, digestibility, and rumen metabolism
characteristics (Jaeger et aI., 2004; Luebbe et aI., 2005)
Hybrid3:
DMI
ADG
F:G

2
21.8
3.90
5.63bc

78.5
DMD,%
OMD,%
79.3
Starch Dig, % 94.5

3

4

5

6

7

22.0
3.83
5.77cd

22.5
3.81
5.95d

21.9
3.80
5.84cd

21.3
3.72
5.77cd

21.5
3.97
5.45b

21.2
3.79
5.62bc

76.1
77.7
94.8

74.6
76.1
94.9

79.3
80.1
95.5

78.0
79.0
95.2

77.8
78.3
95.2

75.1
74.9
95.3

SE
.4
.07
.08
2.13
2.89
0.64

31. GH-9164Bt, 2. GH-9235Bt/RR, 3. GH-9230Bt, 4. P33B51, 5. P33P67, 6. GH-8562, 7. GH9533Bt
bcdMeans with different superscripts differ (P < 0.05)
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Table 4. Effect of com hybrid and processing method on nutrient digestibility using mobile-bag
technique in ruminally and duodenally fistulated steers or in vivo with ruminally fistulated steers
in a Latin square design (Luebbe et aI., 2006a; Luebbe et aI., 2006b)
Dietary Treatmenta
DRC
Item

6

5

P-value

HMC
3

Mobile-bag technique
Dry Matter
44.2
51.3
49.8
Ruminal
76.3 ef
74.9 e
71.9d
Postruminal
88.5
f
84.3
d
87.4 e
Total-tract
Starch
44.8
56.1
52.3
Ruminal
93.6
91.0
93.1
Postruminal
97.1
95.1
Total-tract
96.7
Protein
90.5 ef
84.2 d
88.6 e
Total-tract
78.2
69.0
73.8
VIP Dig
49.1
DIP (%CP)
57.0
56.5
43.0
50.9
43.5
VIP (%CP)
Particle Size
2184
2648
1747
GMD
2.98
2.43
3.42
GSD
Digestibility and rumen metabolism trial
Dry Matter
20.8
22.7
22.2
Intake, Ibid
79.8
74.1
76.5
Digested, %
Starch
9.2
9.7
9.3
Intake, Ibid
95.1
95.3
Digested, % 96.1
Rumen pH
5.59
5.78
5.58
Average
1.11
1.07
1.05
pH change
VFA data
36.2 ef
33.5 f
28.6g
Proprionate
1.45 f
1.41f
2.06g
A:P ratio

b

6

5

3

P

64.7
74.8 e
91.0g

59.8
77.9 f
91.0g

68.7
71.9d
91.4 g

< 0.01
0.49
<0.01

68.9
97.0
99.0

66.0
93.7
97.7

75.2
96.1
99.0

< 0.01
0.48
< 0.01 < 0.01
<0.01 < 0.01

0.85
0.99
0.52

<0.01
0.03
<0.01

<0.01
0.02
0.12

0.02
0.35
0.90

<0.01
<0.01

< 0.01
< 0.01

0.08
0.16

94.0
80.1
72.8
27.2

g

92.7
76.7
68.0
32.0

fg

1131
1381
4.73
4.34

94.2
76.5
74.6
25.4

g

1039
4.89

H

I

0.01 0.54
0.02 <0.01
<0.01 <0.01

23.3
80.5

23.5
77.7

23.2
78.3

<0.01
0.10

0.19
0.03

0.28
0.63

10.8
97.0

10.6
96.0

10.3
95.8

<0.01
0.02

0.68
0.02

0.67
0.80

0.91
0.38

0.10
0.62

5.65
1.46

5.66
1.17

5.53
1.36

0.58
<0.01

46.2 d
0.76d

39.7e
1.20 ef

44.5 d
1.08 e

<0.01
<0.01

<0.01 <0.01
<0.01 <0.01

Hybrids consisted of Golden Harvest H-8562 (6), Pioneer 33P67 (5), and Golden Harvest H9230 Bt (3); processed as dry-rolled com (DRC) or high-moisture com (HMC).
b P = Main effects of processing as dry-rolling versus high-moisture ensiling; H = main effect of
hybrid; I = interaction of processing method and hybrid.
a
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Optajlexx studies (Crawford et at., 2006,. Greenquist et at., 2006,. Griffin et at., 2006)
We conducted a dose and duration study where 0, 100, and 200 mg/steer daily was fed
for either 28,35, or 42 days with cattle marketed at the same time across treatments (i.e.,
Optaflexx feeding was initiated at different intervals and slaughtered at one time). No dose x
duration interaction was observed (P > 0.58) for any performance variable. Duration of
measurements did not impact (P > 0.38) DMI, G:F, ADG, or carcass characteristics because all
cattle were slaughtered at the same time (i.e., Optaflexx treatments were imposed at different
times during the finishing period and all cattle slaughtered on the same day). Cattle fed
Optaflexx at 200 mg/steer daily had greater ADG, and markedly improved (9.0%) feed
conversions across 28,35, or 42 day durations (Table 5). Feeding Optaflexx did not change fat
depth, increased LM area, and tended (P = 0.10) to slightly decrease marbling score but was
probably not biologically important at the 200 mg dose.
Table 5. Main effects of Optaflexx dosage (mg/day) on feedlot performance across all days fed
(28,35, and 42 d durations) with a constant market date (Crawford et aI., 2006)
Dosage
Initial BW, lb
Final BW, lb

0
1169
1311

100

200

1169
1314

1168
1319

SE
37
50

lineara quadratica
0.79
0.07

0.97
0.95

0.01
<0.01
<0.01

0.38
0.86
0.76

Carcass weight, lb
848
854
<0.01
856
30
64.7
Dressing %
65.0
64.9
0.2
0.14
549
Marblingb
549
536
6
0.10
13.21
Longissimus area, in2
13.40
13.69
0.11
<0.01
1th rib fat depth, in
0.56
0.55
0.55
0.01
0.39
a P-value for linear and quadratic main effect of Optaflexx dose.
b Marbling score called by USDA grader where 500 = smallo and 550 = small S0.

0.43
0.27
0.33
0.54
0.23

DMI,lb/day
ADG.lb
F:G

24.1
4.03
6.04

24.0
4.15
5.83

23.6
4.31
5.55

0.8
0.36
0.30

In a more recent study, we evaluated feeding either 0 or 200 mg/steer daily of Optaflexx
when fed for 28 or 42 days. However, in this study, cattle were started on Optaflexx on the same
day, so steers fed Optaflexx at 0 or 200 mg were fed an extra 14 days for the 42 day duration
compared to the 28 day duration. In this study, no interactions were observed between dosage
and duration of feeding. Cattle fed an extra 14 days were heavier at slaughter, had increased fat
depth, carcass weight, and LM area. However, these calf-fed steers fed an extra 14 days did not
have greater marbling. Feeding Optaflexx increased carcass weight by 9 to 12 lb and final BW
by 16 to 19 lb. Gains and F:G were markedly improved by feeding Optaflexx with feed
conversion improved by 11.9% and was consistent between cattle fed Optaflexx 28 or 42 days.
Feeding Optaflexx in this study had no impact on fat depth, LM area, or marbling.
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Table 6. Growth performance and carcass characteristics of steers fed Optaflexx for durations a
of28 or 42 days (Greenquist et aI., 2006; Van Koevering et aI., 2006). There were no significant
dose by duration interactions

28

Duration

o

Dose, mg/hdld
Performance
Initial BW, lb d
Final BW, lb
DMI, Ibid
ADG,lb
Feed:Gain
Carcass Characteristics
HCW,lb
12th Rib Fat, in
Ribeye Area, in2
Marbling Score f

42

o

200

200

DOSE

b

DURA

1199
1294
23.15
3.73
6.23

1199
1310
23.43
4.32
5.46

1199
1342
24.00
3.64
6.66

1199
1361
24.00
4.09
5.90

<0.01
0.63
<0.01
<0.01

<0.01
0.02
0.07
<0.01

825
0.62
13.58
517

837
0.59
13.83
511

862
0.71
14.56
518

871
0.68
14.58
523

<0.01
0.25
0.37
0.96

<0.01
<0.01
<0.01
0.42

C

Duration was either the final 28 or 42 days on feed. However, 42 day cattle were sold 2 weeks
after 28 day cattle, with Optaflexx feeding initiated on the same day for both durations.
b P-value for main effect of dose.
C P-value for main effect of duration.
d Initial BW was used as a covariate.
a

Table 7. Carcass-adjusted performance for finishing heifers fed MGA or MGA plus Optaflexx
(MGA+OPT) in a commercial feedlot (Griffin et aI., 2006)
Item
Overall a
DMI,kg
ADG, kg
G:F
Last 35.5 days b
DMI, kg
ADG,kg
G:F

MGA

MGA+OPT

Difference

P-value

23.4
4.14
0.177

23.8
4.28
0.180

0.4
0.13
0.003

<0.01
<0.01
<0.01

22.9
3.11
0.136

23.5
3.43
0.146

0.6
0.32
0.011

0.01
0.01
0.02

Heifer performance over the entire feeding period
b Heifer performance during inclusion of Optaflexx in diet the last 35.5 days prior to slaughter
C Carcass adjusted performance
is hot carcass weight I 0.635
a
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The response of feeding heifers Optaflexx has not been studied in great detail and preregistration studies did not include MGA which is commonly fed to heifers to suppress estrus
and improve feed efficiency. Therefore, we conducted a commercial study with heifers to
evaluate feeding Optaflexx to heifers when MGA is included in the diet. Using approximately
1800 heifers and 10 commercial pens per treatments, heifers fed Optaflexx with MGA gained
approximately 3.1 % more and were 1.7% more efficient over the entire feeding period. During
the last 35.5 days (average, range 31 to 38 days), heifers gained 10.6% more and were 8.1%
more efficient when fed Optaflexx with MGA compared to MGA alone. It appears that the
weight gain and efficiency is improved in heifers when Optaflexx is fed and this improvement is
greater when MGA is included compared to previous heifer data with Optaflexx.
E. coli 0157:H7
Cattle are an important reservoir of Escherichia coli 0157:H7, and pre-harvest
intervention strategies to reduce E. coli 0157:H7 in this species have been sought as a means to
reduce food-borne illness. Two areas of focus in our research program has been feeding directfed microbial, NP51, and use of an experimental vaccine. In our most recent study across two
years and 24 pens, feeding NP51 did improve G:F by 2% (P = 0.11) and so we conclude that it
will pay for itself. More critical to our measurements, feeding NP51 reduced the probability of
feedlot cattle to shed E. coli 0157:H7 by 35%. These results are consistent or slightly less than
other research evaluating the same product (Brashear et aI., 2003; Younts-Dahl et aI., 2004).
Figure 1. Probability to detect E. coli 0157:H7 in feces from steers supplemented with NP51 or
not supplemented with NP51 (Control; 24 pens per treatment). Factors accounted for in the
multivariate logistic model included year, study block, and test period. NP51 reduced (P =
0.008) the probability for steers to shed E. coli 0157:H7 in feces. Error bars represent standard
error
0.30
0.25 0.20
~

:cco

0.15

.c
0

~

a-

0.10
0.05
0.00 '
Control

NP51
Treatment
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Table 8. Effects of Lactobacillus acidophilus NP51 on performance and carcass characteristics
of finishing beef steers. Year was included in the final analysis as a random effect (Peterson et
aI., 2005).
Treatment
Item

Control

NP51

Steers
Pens
DMI, Ibid
ADG,lb
G:F

224
24
25.2
3.68
0.147

224
24
24.9
3.72
0.150

P-value

0.29
0.45
0.11

In cattle, E. coli 0157:H7 colonizes the terminal rectum and requires type III secreted
proteins for this process. A preliminary study has shown that type III secreted proteins, when
given as a vaccine, reduce fecal shedding and prevalence in feedlot beef cattle. A blinded clinical
trial was conducted to test the effect of an E. coli 0157 :H7 type III secreted protein vaccine on
the probability for feedlot steers to shed in the feces or to be colonized by this organism in the
terminal rectum (TRM). Treatments included vaccination (3 doses at three-week intervals) or no
vaccination (dose of adjuvant given concurrent with vaccination of treated steers). The
probability to detect E. coli 0157:H7 from feces was low for both vaccinated and placebotreated steers and not significantly different (6.1 %; odds ratio = 0.81, P = 0.56). However,
vaccinated cattle were 98.3 percent less likely to be colonized by E. coli 0157:H7 in TRM (odds
ratio = 0.014, P < 0.0001). These results provide more evidence that vaccination against type III
secreted proteins of E. coli 0157:H7 reduces colonization of the terminal rectum of feedlot beef
cattle by this organism in conditions of natural exposure. Because fecal shedding was so low,
previous studies with greater incidence of shedding has illustrated that vaccination is effective at
reducing E. coli 0157 :H7 in feces as well (Potter et aI., 2004; Peterson et aI., 2005). The vaccine
has also proven effective when used in commercial operations and decreased incidence of E. coli
0157:H7 using a ropes method over time and also in TRM (Peterson et aI., 2006).
Table 9. Feedlot performance of cattle vaccinated against E. coli 0 157:H7 or treated with
placebo and fed in a research feedlot
Treatmenta
Item
Steers
Pens
Daily gain (kg)

Vaccine
142
18
4.05

Placebo
141
18
4.07

P-valueb

0.87

Daily DMI (kg/steer)
24.2
24.6
0.24
Gain/feed ratio
0.167
0.165
0.45
a Vaccinated cattle received three doses of the E. coli vaccine at three week intervals; Placebotreated cattle received three doses of adjuvant at three week intervals on the same schedule
as vaccinated cattle. Cattle were in the feed yard 126 days.
b P-value for overall F-test statistic for treatment.
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Figure 2. Model-adjusted probabilities for steers to be colonized by Escherichia coli 0157:H7 at
the terminal colon 57-58 days post treatment by vaccination treatment, accounting for the effect
dietary treatment. Vaccinated cattle were significantly less likely (OR= 0.014, P < 0.0001) to be
colonized with E. coli 0157:H7 in the terminal rectum. Error bars represent one standard error.
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Intake by feedlot cattle: A retrospective look and suggestions for future research
M. L. Galyean and C. S. Abney
Department of Animal and Food Sciences
Texas Tech University, Lubbock
Introduction
Feed intake is likely the most important factor affecting beef cattle performance and
profitability. Practical nutritionists may spend their careers devising the means to achieve
efficient utilization of consumed nutrients by feedlot cattle, often walking a tightrope between
too much and too little, and occasionally finding the ephemeral "sweet spot." Scientifically, the
experimentation to unravel the complex physical, physiogical, behavioral, and environmental
factors that control feed intake by ruminants is an ongoing process. The results of each new
study seem to allow more pieces of the puzzle to fit together, while at the same time pointing to
deficiencies in our understanding of how intake is controlled.
In 1986 and again in 1994, faculty members at Oklahoma State University, under the
leadership of Dr. Fredric Owens, provided a tremendous service to the beef cattle industry and
the scientific community by organizing symposia on the topic of intake by beef cattle. Papers
published in the proceedings resulting from these two symposia (Symposium Proceedings: Feed
Intake by Beef Cattle; Oklahoma Agric. Exp. Stn., MP121, 1987; Symposium: Intake by
Feedlot Cattle, Oklahoma Agric. Exp. Stn., P-942, 1995) have been cited extensively over the
past two decades. I was privileged to present papers at both symposia, and at the 1994
conference, I was honored to be asked to provide a summary of the research needs. The charge
given to me this year by the 2006 Plains Nutrition Council Spring Conference organizing
committee was to review the research needs that were suggested in 1994, summarizing what has
been accomplished, and pointing out areas where gaps in our knowledge still exist. My approach
to meeting this challenge (with kind assistance from Ms. Abney) was to list the research needs
exactly as they were presented in the publication from the symposium (Galyean, 1995), and to
then comment on key articles that have been published on the topic or to note that it seems
research has yet to be conducted in the area. Finally, based on this approach, areas for future
research will be suggested.
1994 Research Agenda - Have the Needs Been Met?
At the OSU conference, I listened to each speaker's presentation and then suggested the
research agenda based on topics highlighted by the speaker and/or judged by me on the basis of
their presentation as a "gap in knowledge." I grouped these questions much like the conference
was structured, into four major categories: 1) animal factors; 2) human and control
measurements; 3) environmental factors; and 4) water and feed formulation! preparation. A
fifth category of general comments also was included. The same structure will be followed in
this paper as we evaluate the current status of knowledge and future needs.
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Animal Factors
•

Measure effects of high (production-level) DMI on nutrient digestion and efficiency of ME
use.

With respect to efficiency of ME use and intake, Ferrell and Jenkins (1998a, b) evaluated
composition of gain and energy utilization by individually fed steers from diverse crosses and
measured changes in body composition by comparative slaughter techniques. Considerable
diversity was noted among the crosses, with both sire and dam breed effects. A nonlinear
relationship was determined between energy gain and ME intake, suggesting that retained energy
(RE) reached an asymptote with increasing ME intake and that efficiency with which ME is used
for gain decreased with increasing ME intake. Ferrell and Jenkins (1998a, b) assumed a constant
ME concentration with increasing intake; thus, the curvilinear response they noted might be a
result, in part, of a decrease in ME concentration with increasing intake. Although the authors
argued the effect of level of intake on ME concentration was likely small, data evaluating
changes in ME concentration with high-concentrate diets typical of those used in the feedlot
industry are limited. Considerable information is available in the dairy literature regarding
discounts in digestibility with increasing intake (NRC, 2001), but application of these data to
high-concentrate, beef feedlot diets is questionable. In addition, effects of intake on DE and ME
concentrations might vary with processing method. Thus, research is still needed to more clearly
determine how production-level DMI affects digestibility of energy and nutrients with feedlot
diets.
The findings of Ferrell and Jenkins (1998a, b) were important because they shed light on
the potential for diminishing returns with increasing intake. It should be noted, however, that
these relationships apply to individual cattle, not to groups. Data with pens of cattle, particularly
pens with a large number of animals typical of those used in the feedlot industry consistently
show that greater DMI is associated with greater gain efficiency. Certainly, some cattle in the
pen are likely eating too much and are not as efficient as they might be with a slightly lower
intake; however, cattle eating less than or near the pen mean are not likely approaching an
asymptote in energy gain and thereby benefit from increased DMI. Increased application of
sorting methods that improve the uniformity in BW and biological type, and therefore
presumably DMI, might allow for more careful management of intake to avoid potential
inefficiencies.
•

Reevaluate the relationship between energy intake and energy retention for the rates of gain
and types of cattle fed currently by the beef feedlot industry. Do the current equations and
proposed revisions ofNRC equations adequately describe the relationships?

The equations for predicting RE of beef cattle recommended by NRC (1996)
incorporated a size-scaling approach (equivalent BW) to adjust the medium-framed steer
equation from the NRC (1984) publication for differences in mature BW among biological types,
gender differences, effects of compensatory gain, and use of growth-promoting implants. For the
most part, these revised equations have not been evaluated extensively. Block et al. (2001)
assessed the accuracy and precision of the NRC (1996) equations for predicting DMI and ADG
by growing/finishing steers in western Canada. The predicted DMI was generally accurate,
although not as precise as might be desired, but ADG was underpredicted 5 to 9% vs. actual
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ADG. The authors suggested that the errors in predicted ADG likely reflected inaccurate
adjustments for environmental conditions (i.e., overcorrection for effects of cold stress).
Additional research is needed to evaluate the NRC (1996) equations with production-level data.
Because many nutritionists are continuing to use them, comparisons with the NRC (1984)
equations also would be useful.
•

Determine the relationship between DMI and daily gain and feed efficiency.
Are highgaining animals those with the greatest DMI and best feed efficiency? Does this relationship
vary with cattle type and management programs?

Thanks to research conducted by animal geneticists working with the concept of residual
feed intake (RFI), we now have a much better understanding of the relationship between DMI,
ADG, and G:F in individual animals. Residual feed intake is typically defined as the difference
in feed intake above or below the intake expected from empirical relationships with BW and
ADG. Animals with low RFI are more efficient than those with high RFI. In companion papers,
Australian workers (Herd et aI., 2004; Richardson and Herd, 2004) suggested that approximately
one-third of the differences in RFI could be accounted for by variation in digestion, heat
increment of feeding, body composition differences, and differences in activity. The remaining
variation was attributed to differences in protein turnover, tissue metabolism, stress, and other
body processes like ion turnover. Nkrumah et al. (2006) reported that low- RFI steers produced
less CH4, had lower heat production, retained more energy, and had a shorter feeding duration
than steers in medium and high RFI groups.
Thus, it seems fairly clear that the high-gaining animals of various biological types are
not necessarily the ones with the greatest intake, but whether the RFI relationships vary with
management systems needs further study. It might be interesting to determine how well the
efficiency rankings for individual animals obtained by the RFI methods currently being used
agree with an approach in which the animals are fed a fixed level of intake relative to BW (e.g.,
2X maintenance) and differences in ADG were used as the measure of efficiency. IfRFI is a
valid concept to predict true genetic differences in efficiency, one would think that it should
predict the same efficiency rankings whether intake is ad libitum or slightly restricted. As noted
previously, high-gaining pens of cattle in commercial feedlots are typically the pens with highest
intakes, so caution should be exercised in applying RFI concepts to groups of cattle.
•

Develop a standard system to define degree of fatness (or physiological maturity) as a basis
for reporting DMI or energy intake. Should energy intake or DMI be the expression of
choice?

Guiroy et al. (2002) developed a method to calculate a final BW adjusted to common
empty body fat (28%). This adjusted final shrunk BW (AFBW) was then used to calculate ME
values of diets in cattle on various implant treatments. Calculation of AFBW is fairly simply,
requiring only hot carcass weight, fat thickness at the 1ih rib, quality grade, and longissimus
muscle area. Thus, one could calculate AFBW for use in computing average BW for the feeding
period as a basis for expression of DM and energy intakes. This approach might be particularly
important when dietary or management treatments have affected final BW or body composition.
Whether DMI or energy intake should be the expression of choice is open to debate.
Energy intake might be preferable (e.g., ME or NEg per unit of BWO.75) to DMI in many cases,
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but practical nutritionists feeding diets with limited variation in energy concentration often have
established benchmarks for DMI, not energy intake, and changing such paradigms might be
difficult and yield little advantage practically.
•

Determine the rate and extent of change in maintenance requirements as previously restricted
(compensating) cattle progress on full feed.

The NRC (1996) applied a simple linear correction to maintenance requirements based on
body condition score (5% change for each I-point deviation from a body condition score of 5 on
a 9-point scale). The length oftime that this correction should be applied was not indicated;
however, it was suggested that compensation might be expected to last for 60 to 90 d (NRC,
1996). In their mathematical model of ME utilization, Williams and Jenkins (2003) used a
distributed lag function to model the delayed response in heat production associated with
changes in plane of nutrition. This approach is probably more logical than a linear adjustment;
however, the time frame to which such adjustments should be applied may be the most important
practical question. Reasons for effects of plane of nutrition on maintenance requirements were
addressed by Hersom et al. (2004a, b), who evaluated the effects of gain by beef steers during
grazing on wheat pasture or native range on finishing period performance, as well as visceral
organ mass and other measures of energy use by splanchnic tissues. Steers that had been
nutritionally restricted (low gain on native range) had increased maintenance requirements
during finishing, which was attributed primarily to increased visceral organ mass. Additional
research is needed to determine the duration of effects on maintenance requirements resulting
from changes in plane of nutrition.
•

Evaluate behavior of feedlot cattle. If eating time is limited to less than 2 h per day, what
activities are occurring during the remainder of the day? Can behavior data be used to
modify management practices for increased performance and efficiency?

This is an area where it seems limited research has been conducted. Reliable feeding
behavior data are sometimes difficult to obtain, even with the aid of computerized systems that
monitor the presence of cattle at the feed bunk (Parsons et aI., 2004), although some research
groups have had reasonably good success with these systems (e.g., Nkrumah et aI., 2006).
Estimates of non-feeding behaviors in commercial, large-pen settings are very difficult to obtain,
and therefore extremely limited. In the absence of additional information, we conclude that there
is no scientific basis for attempting to modify either feeding or non-feeding behaviors as a means
of altering performance.
•

Define potential avertive effects of non-gastrointestinal
factors).

events (e.g., health and management

The Oklahoma State University research reported by Gardner et ai. (1999) showed very
clearly that bovine respiratory disease (BRD) can affect performance and carcass characteristics
of feedlot cattle. Whether BRD was defined by clinical signs and subsequent antibiotic
treatment or by pneumonic lung lesions detected at slaughter (Wittum et aI., 1996), ADG, hot
carcass weight, and quality grade were decreased by BRD morbidity. In addition, longissimus
shear force values were increased in steers with lung lesions. Similar observations for ADG and
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quality grade were reported by McNeill et al. (1996) for the large Texas Ranch-to-Rail database.
Whether effects of BRD are truly "avertive" with respect to feed intake is open to question, as
feed intake by individuals has not been assessed. From a research standpoint, it would be
interesting to apply model systems (e.g., lipopolysaccharide or IBR challenges) that cause shortterm decreases in feed intake but would not result in lung lesions or other "permanent" effects,
and determine subsequent long-term intake patterns compared with sham-challenged animals.
Research on management factors that might have avertive effects on intake by feedlot cattle does
not seem to have been conducted, or at least such information was not found in the databases
searched for preparation of this review.
•

Define effects of native opioid-like peptides in common feed ingredients on feed intake and
digestive events. Do protein and/or grain sources affect performance via opioid receptors or
other gastrointestinal hormones? Do other dietary factors affect gastrointestinal hormones
and digestive physiology?

Froetschel (1996) reviewed the effects of various bioactive peptides on gastrointestinal
function and feed intake, indicating that exorphins from casein, which can be released during
digestion of proteins, can alter ruminal contractions. Similar effects were reported from a
blended protein supplement composed of high-escape protein sources like blood meal, fish meal,
corn gluten meal, and meat and bone meal. Because provision of supplemental protein, even by
abomasal infusion, has effects on ruminal fermentation via N recycling, it might not be
reasonable to attribute effects solely to bioactive peptides. Baile and Della-Fera (2001) reviewed
the effects ofleptin, neuropetide Y, corticotropin-releasing factor, and other peptides on control
of feed intake. They suggested that genomics techniques will ultimately allow for greater
understanding of how the release and receptor activity for these peptides are controlled, leading
to new tools for improving animal production. At present, however, the role of both exogenous
and endogenous bioactive peptides in control of intake by cattle and other livestock species is
largely unknown, and research with applications to livestock seems limited.
•

Determine how potentially altered nutrient supply resulting from grain processing alters feed
intake? Are intake patterns different for grains that are digested primarily in the rumen?

Owens et al. (1997) compiled literature data on the effects of grain type and processing
method on cattle DMI, ADG, and calculated ME values. Among grain types, DMI was greater
for sorghum than for corn, barley, and wheat; ME concentrations followed an opposite trend,
with the sorghum having the lowest ME. Dry matter intake varied among processing methods
within grain type, with less extensive processing generally resulting in greater DMI. For corn,
intake was greatest with dry rolling, intermediate with high-moisture and whole grain, and least
with steam-flaked grain. Patterns of intake over time were not assessed in this review. Specific
effects of altered nutrient supply, whether resulting from grain processing or other ingredient
and/or management changes have not been extensively studied, and further research in this area
may be warranted.
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Human and Control Measurements
•

Define effects of implants and ionophores in restricted feeding programs.

With respect to ionophores, this question had already been addressed by Sip and
Pritchard (1991) well before the 1994 OSU conference. Comparing 120, 180, and 240 mg of
monensin/(steered) when DMI was limited to yield an ADG of 1 kg/d, they noted that ADG was
increased as the monensin dose increased from 120 to 180 mg, but no further increase was
evident with the 240 mg dose. Thus, provided that the dose approximates 200 mg/(steered) for
monensin, limit-feeding of high-concentrate diets would not likely affect the response to
ionophores. With respect to implants, Scaglia et al. (2004a) compared implanted (Synovex S)
vs. non-implanted cattle programmed to gain either 0.68 or 1.14 kg/d during a growing period.
Implanting increased ADG at both rates of gain; however, effects of implanting were much
greater at the higher rate of gain (implant x rate of programmed gain interaction). In a second
study, Scaglia et al. (2004b) restricted intake by beef steers to provide a programmed ADG of
1.4 kg/d with or without a Synovex-S implant. Implanted steers gained 1.37 kg/d compared with
1.17 kg/d for non-implanted steers. Based on research with steers grazing low-quality forage,
implants are efficacious even at low energy intakes and rates of gain (Paisley etal., 1999);
hence, efficacy would be expected with cattle fed a restricted intake of a high-energy diet.
•

Define the optimum length and degree of restriction,
programmed and limit feeding of growing beef cattle.

and optimum

diet types, for

A fair amount of research has been conducted in this area over the last decade, and a few
examples are included here. Gunter et al. (1996) evaluated effects of dietary concentrate level
(60, 75, or 90%) for programmed-fed steers and effects of manger space allowance. Higher
concentrate levels were most effective, and restricting manger space to as little as 12.7
cm/animal did not affect performance by limit-fed steers. Loerch and Fluharty (1998) compared
different rates of gain for programmed-fed cattle, as well as different patterns of programmed
gain (increasing, decreasing, and constant). Rate and pattern of programmed gain had limited
effects on overall performance, but programming gain for stepwise increases decreased feed
expenditures. Scaglia et al. (2004a) reported that steers (initial BW = 269 kg) programmed for a
lower ADG (0.68 kg/d) during a growing period were more efficient during the subsequent
finishing period than steers programmed to gain 1.14 kg/d during the growing period, regardless
of implant treatments imposed during the growing period. When taken to a common fat
thickness endpoint, rate of programmed gain during the growing period did not affect carcass characteristics. In a second study with yearling steers (initial BW = 335 kg), Scaglia et al.
(2004b) either fed the cattle ad libitum throughout the study or programmed the cattle to gain 1.4
kg/d for 62 d before ad libitum feeding, with or without an initial implant. Limiting ADG
improved G:F for the overall feeding period without any major effects on carcass measurements.
Drager et al. (2004) compared various degrees of intake restriction (percentage of intake by ad
libitum-fed cattle for varying lengths oftime) on performance and carcass characteristics of
finishing beef steers. For the 151-d feeding period, ADG, fat thickness, marbling score, and
percentage of Choice carcasses decreased with increasing degree of restriction.
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•

Both estrogenic implants and growth hormone increase daily gain by beef cattle, yet effects
on feed intake differ. How do these observations relate to theories of intake control (e.g.,
increased metabolic demand equals greater intake)? Are opposing effects on lipid accretion
and/or serum lipid profiles related to differential effects of estrogenic implants and growth
hormone?

This question does not seem to have been addressed to any extent for beef cattle. This
may reflect the fact that commercialization of somatotropin for beef feedlot cattle is not an area
of current interest. It is interesting to note that in dairy cattle treated for extended periods with
somatotropin, DMI increases in concert with increased milk production, which is perhaps similar
tothe increased DMI associated with increased ADG typically observed when beef cattle are
given estrogenic implants. Thus, why growth hormone treatment in beef cattle fed highconcentrate diets decreases DMI, as reported by Schelling et al. (1995) at the 1994 OSU
conference, is unknown. It is perhaps worthwhile to note that feeding ractopamine
hydrochloride (Optaflexx) to finishing beef cattle seems to have little effect on feed intake,
despite substantially increased ADG during the time it is supplemented (Pritchard, 2005).
Perhaps the differential effects of these compounds on DMI are related to effects (or relative lack
of effects) on adipose tissue or to interactions with other hormones, but further research is
needed to define the mechanisms involved.
•

Determine the practical consequences of varying the time of day when cattle are fed. Are the
logistics of once-daily feeding in the afternoon feasible on a commercial scale? Determine
the extent to which gut fill differences and feed presentation (preservation in the feed bunk)
contribute to effects of afternoon feeding.

At the OSU conference, Pritchard and Knutsen (1995) reported increased ADG with no
change in DMI by cattle fed in the evening vs. morning. These studies were conducted in South
Dakota during the winter, and the authors proposed behavioral and thermodynamic factors as
possible reasons for the effect. Soto-Navarro et al. (2000) found no effect oftime of day on
ADG by programmed-fed cattle during an 84-d feeding period. Cattle were withheld from feed
and water for initial and final BW measurements in this experiment, and the authors concluded
that differences in gastrointestinal tract fill might have contributed to seemingly positive effects
on ADG noted in other studies. Pritchard and Knutsen (1995) also noted the potential for gut fill
to affect experimental results in morning vs. evening feeding comparisons. Practically, whether
altered time of day feeding could be applied in large commercial feedlots is open to question. It
is the authors' opinion that decisions to alter the time of day when cattle are fed should be based
on logistics of feeding and labor supply, without expectations that performance would be altered
by the change in timing.
•

Continue efforts to develop equations to predict DMI, or more likely energy intake, by
feedlot cattle. Develop equations that allow prediction on a daily basis vs. an average value
for the feeding period. Academicians should work with commercial feedlots to access data
for development of such equations.

This agenda item has not been effectively addressed. The NRC (1996) feed intake
equations using dietary NEm concentration and BW seem fairly reliable for predicting an
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average DMI for an extended feeding period. For example, based on a validation exercise, the
NRC (2001) recommended the use of the NRC (1996) beef equations for growing dairy heifers,
and, as noted previously, Block et ai. (2001) found that the NRC (1996) equations provided
reasonably accurate predictions ofDMI by finishing beef cattle. Unfortunately, however, daystep equations have yet to be developed. Commercial cattle feeding organizations often collect
the data needed for development of such equations, and efforts are currently underway in the
authors' laboratory to obtain data and begin work on equation development.
•

Initiate comprehensive research efforts on feed bunk management. How do various feed
bunk management programs affect intake, performance, and feed efficiency? Consider the
role of cattle behavior in development of feed bunk management programs.

This also seems to be an area where only limited accomplishments are evident. In two
experiments (summer and winter), Erickson et ai. (2003) compared traditional (ad libitum) and
clean bunk management programs. Dietary monensin concentration was 28.6 mg/kg for the
traditional program and either 28.6 or 36.3 mglkg for the clean bunk program. Bunk
management system did not affect performance in the summer experiment, but in the winter
experiment, DMI and ADO were greater for the traditional than for the clean bunk program.
Efficiency did not differ between programs, suggesting that DMI was restricted by the clean
bunk program in the winter experiment. Dietary monensin concentration did not affect
performance in either experiment. In a companion metabolism experiment, meal size, change in
ruminal pH, and pH variance were lower in acidosis-challenged steers fed monensin with clean
bunk management vs. no monensin and ad libitum bunk management. The authors suggested
that traditional and clean bunk programs yield similar performance results as long as DMI is not
restricted in the clean bunk approach, indicating that the time when bunks are "clean" seems to
be a critical management factor to monitor. In a 122-d feeding trial with Angus steers (initial
BW = 392.5 kg), Defoor et ai. (2003) compared non-slick (NSB) and slick bunk (SB)
management strategies. For the NSB treatment, the objective was to maintain approximately
0.226 kg of feed/steer remaining in the bunk at 0700, whereas the objective for the SB treatment
was to have 0.226 kg of feed/steer remaining at 2230 and 0 kg/steer at 0700 the next morning.
For the overall feeding period, bunks were slick 64.4 and 21.7% of the time for the SB and NSB
treatments, respectively. Daily DMI was 0.20 kg less (P = 0.16) with the SB treatment when
discarded feed for the NSB treatment was accounted for (subtracted from the feed log) vs. 0.25
kg less (P = 0.09) when discarded feed was left in the log. Neither ADO nor feed:gain was
affected by treatment. Marbling score was less (P = 0.04) for cattle in the SB treatment, with the
difference primarily attributable to a lower percentage of cattle with Modest or greater marbling
in the SB (15.96%) vs. NSB treatment (25.81 %).
Research addressing how cattle behavior is affected by bunk management does not seem
to have been conducted. Although additional research in this general area might yield interesting
results, it is likely that cattle responses to bunk management are site-specific. In addition, effects
might depend on season, background and biological type of cattle, and a host of management
factors. Thus, it might be optimistic to believe that a comprehensive research program in this
area will yield universally applicable results. Perhaps research focusing on ruminal and
metabolic effects of simulated bunk management approaches in controlled settings (e.g., the
acidosis challenge approach of Erickson et aI., 2003) would be a logical area for further research
efforts.
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EnvuonmenrolFadoN
•

Continue efforts to define seasonal effects on feed intake, with particular
delineating effects of individual climatic variables and photoperiod.

emphasis on

Based on the literature search conducted for this review, limited efforts have been made
in the area of seasonal effects per se on feedlot production. With respect to climatic variables,
readers are referred to the excellent review on environmental stress by Mader (2003). Little has
been done with photoperiod effects in beef cattle, but this continues to be an area of interest with
dairy cattle, and readers are referred to the review by Dahl et al. (2000).
•

Determine the benefits of modifying management programs in various seasons. Can we alter
seasonal patterns in intake, performance, and feed efficiency through management?

As might be expected from the comments on the previous agenda item related to seasonal
effects, no new information was found in this area. Research in an area like this one is difficult
to conduct, costly because it must be replicated over multiple seasons, and has a high risk of
yielding little new information, which might explain the lack of progress.
Water and Feed FormulationlPreparation
•

Define the metabolic acid load that occurs in beef cattle fed high-energy diets at production
levels of intake. Determine the role that acid load plays in control of feed intake and the
extent to which acid load can be modified by changes in dietary cation-anion balance.
Should urea and lactate be included in dietary cation-anion balance calculations?

Brown et al. (2000a) evaluated the effects of degree of processing (dry rolled com and
either 0.36 or 0.26 kg/L density [28 or 20 pounds/bushel] steam-flaked com) on performance and
metabolic profiles of finishing beef steers. In the metabolism experiment, whole blood and urine
were collected at various times during the feeding period. Urinary ammonia did not differ
among treatments, nor did D( -) and L(+) lactate concentrations in blood. Serum insulin
concentrations generally responded quadratically to degree of processing, with concentrations
being greatest with the 0.36 kg/L steam-flaked com on several sampling days. In the
performance study, DMI responded quadratically to degree of processing, whereas ADG and G:F
increased linearly with increasing degree of processing; however, ADG was slightly less with
0.26 vs. 0.36 kg/L flaked com. Schwartzkopf-Genswein et al. (2003) reviewed effects of bunk
management on ruminal acidosis and performance. They noted that variation among individuals
in the ability to tolerate an acid load is great, and management systems that attempt to control
variation in feed intake by pens of cattle may have limited effects of the ability of individuals to
handle acid insults. Similarly, Brown et al. (2000b), using an acidosis challenge model,
concluded that response to acid loads varied widely among individual animals. Whether dietary
cation-anion balance, particularly within ranges that occur with typical diets, would modify acid
load and thereby feed intake has not been studied to any great extent. Thus, in large measure, the
questions in this area remain to be addressed. Perhaps the most surprising result to date is that
generally, acidosis in practical feeding conditions is more difficult to detect than we might have
expected. This finding probably indicates that only a relatively small proportion of the finishing
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beef cattle population struggles with management of an acid load induced by feeding highconcentrate diets.
•

Define the optimal degree of processing with various feed grams to result m optimum
(maximum?) energy intake.

The optimal degree of processing has not been defined for all feed grains, but several
good studies have been conducted since the 1994 OSU conference. These include the work of
Reinhardt et al. (1997), Brown et al. (2000a), Zinn et al. (2002), and Sindt et al. (2006) with com
and Swingle et al. (1999) with sorghum. Generally, these studies suggest that processing com
and sorghum in the range of 0.31 to 0.36 kg/L (24 to 28 pounds/bushel) yields maximal energy
intake and performance. Processing grain more extensively than densities in this range might
improve G:F, but the potential for decreased NEg intake with increased degree of processing
might affect ADG negatively. Readers also are referred to the comprehensive summary on grain
processing by Owens et al. (1997) discussed previously.
•

Define the optimum protein (N) source and level with different grains and grain processing
methods.
Determine the appropriate level of NPN with different types of diets and
processmg.

Although this question has not been systematically addressed for a variety of grains and
processing methods, progress has been made with processing methods for com. Milton et al.
(1997) evaluated urea concentrations in dry-rolled com-based diets with either prairie hay or
alfalfa hay as the roughage source. Optimal urea concentration in the dietary DM ranged from
0.5 (alfalfa diets) to 0.9% (prairie hay diets), and adding urea up to 0.5% of the DM increased
ruminal starch digestion compared with no supplemental N. Barajas and Zinn (1998) compared
11 vs. 14% CP concentrations in dry-rolled and steam-flaked com-based diets. Urea was the
source of supplemental N in the 11% CP diets, whereas additional N in the 14% CP diets was
supplied by cottonseed meal. Feed:gain ratio was poorer with added cottonseed meal, and
dietary NEm and NEg concentrations were decreased. Ruminal starch digestion was not affected
by protein supply. Gleghorn et al. (2005) compared protein concentrations (11.5, 13, and 14.5%
ofDM) and sources (urea, cottonseed meal, or a blend of urea and cottonseed meal) in finishing
steers fed steam-flaked com-based diets. Crude protein concentration affected ADG
quadratically, with maximal ADG observed with the 13% CP diets. Increasing the proportion of
supplemental protein supplied by urea resulted in a linear increase in ADG adjusted to a common
dressing percent and in G:F. Additional research needs to be conducted with diets based on
other grains processed by common methods; however, for com, urea seems to be a very
effective source of supplemental N in high-concentrate diets, suggesting that meeting
requirements for degraded intake protein (DIP) is likely one of the most important aspects of
managing N source and concentration issues in these diets.
•

Develop effective environmental monitoring systems for nitrogen and other nutrients in
feedlot wastes, and define effects of diet composition on environmental impacts of these
wastes.
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Although not a monitoring system, significant changes in the area of nutrient excretion
occurred with the release in August 2005 by the American Society of Agricultural and Biological
Engineers (ASABE), in a joint effort with the Federation of Animal Science Societies (FASS), of
the revised standard, ASAE D384.2, Manure Production and Characteristics. Equations for
predicting manure output and composition are based on diet and animal performance inputs. The
publication may be ordered from ASABE for $40.00, and further information can be found at
http://asae.frymulti.com.This
area of research is important, but potentially laborious. The
USDA-ARS has a significant research effort in this area at multiple research locations, and
research to address these questions is ongoing at several university locations as well.
•

Establish a standard for determination of roughage equivalency. At what levels and with
what sources of roughage do beef cattle, compensate, fail to compensate, or over-compensate
for energy dilution?

Galyean and Defoor (2003) analyzed literature data with mixed model regression
techniques and found that NDF supplied by roughage was highly related to DMI per unit BW in
feedlot cattle (r2 = 0.92). They further suggested that balancing the percentage ofNDF supplied
by roughage would allow for substitution among roughage sources to achieve equal DMI.
Because Galyean and Defoor (2003) did not assess total dietary NDF and did not evaluate intake
ofNEg as affected by roughage level and source, we recently reanalyzed the same data set,
including these variables in the analyses (Galyean and Abney, 2006). Like percentage ofNDF
from roughage, percentage of total dietary NDF was highly related to DMI (r2 = 0.932);
however, total dietary NDF was more closely related to NEg intake (r2 = 0.797) than NDF from
roughage (r2 = 0.583). This finding might reflect the fact that total NDF is more related to both
DMI and diet digestibility than is NDF from roughage, particularly with NDF from roughage
representing a fairly small percentage of the total dietary DM. The relationships between total
dietary NDF, DMI, NEg intake, and NEg intake per unit DMI from the analysis conducted by
Galyean and Abney (2006) are shown in Figure 1. The linear increase in NEg intake, with no
change in NEg per unit ofDMI suggests that, when economically feasible to do so, adding small
amounts of roughage to beef feedlot diets should increase NEg intake and thereby BW gain, with
limited effects on gain efficiency. Galyean and Abney (2006) also suggested that decreased NEg
intake with decreasing dietary NDF concentration might reflect a greater ruminal and/or
metabolic acid load on cattle as roughage level decreases, resulting in decreased NEg intake,
despite an increasing dietary energy concentration. Thus, responses to increased roughage
concentration in finishing diets might not reflect compensation or over-compensation for energy
dilution but simply alleviation of ruminal/metabolic acidity through various mechanisms.
•

Within established limits of what seems to be digested maximally (approximately 500 g/d),
define the effect of added dietary fat on feed intake. Does the effect of fat vary with diet type
and environment?

Zinn and Plascencia (1996) compared effects of 0 or 6% yellow grease in 10 or 30%
alfalfa diets, with steam-flaked com as the grain source. Added fat decreased DMI with both
forage levels; however, the NEm and NEg concentrations of yellow grease estimated from
performance data were much greater with the higher-forage diet. Zinn and Shen (1996)
compared 0.45 and 0.9% Ca concentrations in steam-flaked barley-based diets with either 0 or
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5% added yellow grease. Supplemental fat decreased DMI, but Ca concentration did not affect
responses. Plascencia et al. (1999) compared no supplemental fat with 5% supplemental fat
(yellow grease or griddle grease) that varied in free fatty acid concentration (15, 28.5, or 42%
free fatty acids for yellow grease, a 50:50 mixture of yellow grease and griddle grease, and
griddle grease, respectively) in diets based on a mixture of steam-flaked barley and steam-flaked
com. As free fatty acid concentration in the supplemental fat increased, DMI increased linearly;
however, estimated NEm and NEg concentrations of the supplemental fat sources did not differ.
Although these studies have addressed dietary aspects related to utilization of fat in finishing
diets, effects of fat concentration with varied environmental conditions (e.g., heat stress) do not
seem to have been evaluated since the OSU conference.
General Comments
•

Initiate efforts to increase cooperation among universities and commercial feedlots and/or
consulting nutritionists. Considerable data are available from commercial sources that could
be used to address many of our current research needs.

Over the past decade, there has been a significant amount of cooperation between
commercial cattle feeding companies and universities. Commercial feedlots are currently
collecting a huge amount of data on pens of cattle, as well as BW and health data on individual
cattle. These data represent a tremendous resource for both the academic community and
industry, and collaborative efforts to "mine" this information to advance science should prove
fruitful. As noted previously, our laboratory is currently working with corporate cattle feeding
companies to obtain data for use in development of intake prediction equations.
•

Develop a consortium approach among universities that will allow important questions to be
addressed simultaneously at multiple research locations, thereby decreasing. the time needed
to answer specific questions.

The Consortium for Cattle Feeding and Environmental Sciences (CCFES) was
established in the late 1990s to help unify the efforts of university (New Mexico State, Texas
A&M, Texas Tech, and West Texas A&M) and USDA-ARS (Bushland, TX) scientists, along
with industry involvement through the Texas Cattle Feeders Association, in meeting the needs of
the cattle feeding industry. The CCFES model has been reasonably successful, having
completed a major federally funded effort in factors affecting utilization and excretion of N and
P in feedlot cattle and currently undertaking work with the feeding value of distiller's
coproducts. This type of effort is most successful when it is driven by cooperation among the
scientists involved in the consortium, with "top-down" management unlikely to yield progress.
Fortunately for the CCFES, the efforts have been largely driven by the scientists involved,
working closely with industry partners. With decreasing resources available to Land Grant
institutions and consolidation within companies associated with the feedlot industry, the CCFES
model might be a useful one to adopt at other locations.
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Research Needs for the Next Decade
Clearly, many of the items listed in the research agenda for the 1994 OSU conference on
intake by feedlot cattle have been addressed in the ensuing decade. Thus, it is the view of the
authors that the list of needs for the coming decade is somewhat shorter than in 1994. It should
be noted, however, that the brevity of the new list might reflect some degree of self-protection,
just in case we are asked to revisit this list 10 years hence!
•

Intake prediction - As noted previously, we can do a reasonably good job of predicting
feed intake by feedlot cattle over an entire feeding period. Nonetheless, equations
designed to allow predictions on a daily basis during the feeding period are clearly
needed to more accurately model cattle performance. Typically, intake increases rapidly
as cattle are started on feed, ultimately reaching a plateau. By predicting the overall
average DMI, we probably approximate the plateau, so the shape and slope ofthe initial
portion of intake curves will be the difficult part of this exercise. As type and
background of cattle, season, management, and possible interactions among these and
other factors likely affect initial intake patterns by cattle, such models will not provide
perfect fits, and multiple class variables may be needed to adjust for some of the more
significant effects. Although commercial feedlot data may not be perfect to use for this
purpose, large amounts of such data are available, with the shear quantity offsetting
potential small errors in the data.
The area of intake prediction by grazing cattle, including the influence of
supplements of various types, desperately needs attention. This is a difficult area to work
in because intake by grazing cattle is unknown. Considerable performance data (e.g.,
ADG) are available for grazing cattle, however, so efforts to predict intake via
performance given nutrient information on forages might prove useful.

•

Bunk management - We really do not seem to have made much progress from a
research standpoint in understanding how bunk management practices affect intake and
performance. Limited data currently available might be interpreted to suggest that bunk
management has little consequence with respect to intake and animal health (i.e.,
metabolic disorders).
The real question about bunk management is whether it is worthwhile to embark
on a major research effort to understand how it affects intake and metabolism by feedlot
cattle. Conducting such research is difficult, and, as noted previously, the research has a
high risk of being limited in scope and applicability. Moreover, bunk management is
important from the standpoint of the logistics of feed delivery, equipment use, feed
milling issues, and so on; thus, a feedlot might choose to implement a particular bunk
management strategy for these reasons, as long as effects on cattle performance seem
negligible. Nonetheless, fundamental research to understand how commonly used bunk
management strategies affect the variability in intake among cattle within a pen, rate of
intake, metabolic acid load, and cattle behavior should yield important information that
could have benefits beyond the specific bunk management system(s) under study.

•

Feed additives and other management tools - Continued evaluation ofthe effects of
various feed additives on feed intake will be needed. For example, we are in the early

93

stages of our understanding of the use ofbeta-agonists in feedlot cattle. Although effects
on feed intake seem limited from what we know now, application ofbeta-agonists in a
wide variety of settings will be needed before definitive conclusions can be made.
Unlike many feed additives in the past that have undergone extensive university testing
and release of information to the scientific community before FDA-approval, the
approach with beta-agonists was to obtain FDA-approval before research results were
released. Indeed, considerable research related to how best to apply beta-agonists in
practical settings was conducted after formal approval. Whether this new paradigm for
gaining FDA approval of feed additives is the most appropriate might be open to debate,
but it seems to be the approach that will be applied in the future.
The previous model of extensive university testing and release of information in
scientific meetings and publications is still applied to a large number of feed additives
and specialized products. For example, how such products as direct-fed microbials,
organically complexed minerals, flavoring agents and sweeteners, buffering agents, and
even genetically modified plants affect feed intake and performance by various classes of
cattle will need to be addressed in the next decade. As we move into an era of greater
pressure to decrease the use of antibiotics and metabolic modifiers, assessing the effects
of many of these products will become increasingly important.
•

Animal efficiency and gene expression - The RFI concept has heightened interest in
identifying animals that are more efficient at using consumed nutrients for production.
Although fine tuning ofthe RFI concept is still needed, the idea of understanding why
some animals are inherently more efficient than others is both practically and
scientifically appealing. As the concepts of genetic control of efficiency of nutrient use
continue to be developed, the role of expression of specific genes in producing efficient
phenotypes will likely become an important component of research. With a seemingly
large variety of "intake and efficiency phenotypes" available in the beef industry, the use
of microarray technologies to evaluate expression of genes by these phenotypes seems a
logical direction for research on feed intake.

•

Fundamental intake control mechanisms - Finally, it is our view that efforts to
understand the basic physical and physiological controls on feed intake by ruminants
need to be reinvigorated. For the most part, we are still operating on theories of intake
control in ruminants that were developed more than four decades ago. Basic research to
better understand neurological, hormonal, and metabolic mechanisms controlling the
intake of both concentrate and forage diets by cattle is needed now more than ever.
Powerful new tools from the fields of genomics and proteomics should be applicable to
this line of research, potentially yielding refinements of our theories and breakthroughs in
control and management of feed intake. Young scientists need to be challenged to
incorporate these newer techniques into their research, either through their own efforts or
through interactions with collaborators in other disciplines.
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Figure 1. Relationships for a beef cattle literature data set (Galyean and Abney, 2006) between
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Fifty years of pharmaceutical technology and its impact on the beef we produce;
Will technology playa role in thefuture?
R.L. Preston, Ph.D.
Thornton Professor Emeritus
Texas Tech University
Lubbock]
Introduction
Technology, including pharmaceutical technology, has contributed to improved animal
efficiency and health over the past 50 years and will continue to do so in the future. However,
there are well-funded anti-technology forces at work to limit the application oftechnology in
beef, food animal and agricultural production in general. The mainstream media smothers
consumers with confusing information that often transforms their ignorance into fear. This
impacts their willingness to believe what they read and hear, and can result in misguided choices.
All land-based industries are affected by these bad choices, by legislation and by regulations that
threaten their economic viability. This presentation details the impact of past and current
technology on the efficiency of beef production and demonstrates the potential impact that antitechnology forces could have not only on beef production but also on food production in the
future.
Fifty years of pharmaceutical

technology

At the request of the Growth Enhancement Technology Information Team,2 Dr. Tom
Elam and I compiled efficiency gains in u.s. beef production over the past 50 years and
technologies that were related to these efficiency gains (Elam and Preston, 2004). This
independent review of technical literature has been published, has been presented at several
conferences and is available online (www.beeftechnologies.com).
What are the conclusions from this study?
1.
2.
3.
4.
5.

More pounds of beef per head of inventory, an 82% improvement.
More beef from fewer cattle.
More beef from fewer acres.
The U.S. is the world leader in beef production efficiency.
.
Total U.S. beef production has doubled with the same national herd size to meet the
needs of our growing population.
6. Today's beef is better quality at a lower comparative consumer price.
7. Modem production technology benefits producers, processors and consumers.

Present address: 191 Columbia Court, Pagosa Springs, CO, 81147; email: rlpreston@msn.com
An organization of animal health companies focused on providing the beef industry with factual
information about new animal health technologies.
1

2
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Our report provides data for the above conclusions. We identified four technology areas
that we felt were the most important to the developments noted above. These products and
programs are applied by the beef industry based on their efficacy, safety and cost effectiveness.
1.
2.
3.
4.

Pharmaceuticals and other animal health products and programs.
Genetics.
Nutrition.
Grain yields and feed costs.

Product categories, not in order of importance, included in the first technology
above, are well known to the PNC membership; they include:
1.
2.
3.
4.
5.
6.
7.
8.

area

Antibiotics.
Implants.
Ionophores.
Repartitioning agents.
Parasiticides.
Vaccines.
Estrus regulators.
USDA disease and pest eradication programs.

Nutrition is another important technology area that is applied at a level of sophistication
that tends to be overlooked by the present beef industry. The primary nutrition technologies
include:
1. NRC Nutrient Requirements of Beef Cattle and the application of the "net energy
system" to the management and marketing of feedlot cattle.
2. Improved feeding programs for enhanced reproductive efficiency.
3. Effective supplementation of pasture and range cattle.
4. Effective supplementation of stocker and back grounder cattle.
Grain (com) production improvements over the past 50 years (293% increase in
productivity per acre) and the technologies applied by this industry are tremendous and have a
direct bearing on the cost effectiveness of feedlot cattle production and livestock feeding in
general. It is estimated that total grain production worldwide will have to increase 1.5% per year
on basically the same arable land area to feed the projected population growth (BEEF, 2006).
This means over the next 50 years, there will need to be another 210% increase in grain
production efficiency that doesn't account for the likely shift of grain tonnage into ethanol
production. How can anyone think this huge increase in grain production can happen in any
sustainable way without the continued development and application of agricultural technology?
Although the past 50 years have demonstrated the pay-off from implementing both
agricultural and beef technologies, it's a story that doesn't reach the average consumer because
of all of the media "noise" to the contrary. We concluded our report with a quotation by Alan
Greenspan:
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"The phenomenal gains in U.S. agricultural productivity of the past century brought
profound benefits to all consumers, regardless of their connection to a farm, in the form
of lower prices, better quality, and more choices at retail outlets. ... Although
dislocations are bound to accompany economic growth, we should rise to the challenges
that come with innovation because innovation brings great improvements in material
well-being."
Have you ever read a statement like this in the Wall Street Journal or the Washington
Post, or heard it on TV news? The message just doesn't get through. It is true that
"dislocations" introduced by new technology create questions about the merits of "economic
growth" but technology is the only hope for providing sufficient food on a static or declining
arable land base.
Will technology playa role in the future?
Yes! You can't stop man's curiosity for new information and you can't stop American
ingenuity from applying technology for economic gain.
However, there are major anti-technology forces at work, supported by large sums of
money, that want to block scientific research and development as well as current technologies as
they apply to beef production, agriculture and industry in general. These are multiple forces with
different agendas as the following chart attempts to illustrate.

-,
~
~

CAUSES CHAMPIONED BYGENERALLY
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"INTELLIGENT" PEOPLE

The problem with misinformed people was well characterized in a quote by President
Ronald Reagan:
"The trouble with our liberal friends is not that they're ignorant,
it's just that they know so much that isn't so."
Secretary of Agriculture Earl Butts put it into perspective many years ago when he said, "These
[activists] are the people that want to put the worm back into my apple."
Too often, the media is part of "The wholesale transformation of ignorance into fear"
(Kantrowitz, 1998). It seems that the "Food Police" are out to demonize just about every food
other than soymilk and Bulgar wheat. PET A (People for the Ethical Treatment of Animals) has
gone so far as to assert that "drinking milk is an example of animal cruelty which is an
unmistakable predictor of future adult psychotherapy."
Who said it's unmistakable?

Who's science?

Back in the 1960's when the use of DES in cattle was a major controversy, Senator Carl
Curtis (R-NE) reacted to the media hysteria by suggesting that all food should be banned on the
basis that something harmful might show up ( Marcus, p.139, 1994). Today, what was once an
extreme position has been codified as the "precautionary principle" which is fundamentally an
anti-technology proposition.
Jane Goodall, the anthropologist who lived with and studied chimpanzees in Africa, and
therefore an expert on anything, wrote a book in 2005 entitled Harvest for Hope. Topics include
agribusiness, genetically modified food, animal rights, vegetarianism and organic food. Need I
say more? One newspaper review said, "This global eating expose leads to indigestion." (The
Winnipeg Free Press, January 8, 2006).
Even the National Cancer Institute and the American Cancer Society have conclusions in
search of data to support them. "Eating a hamburger a day can increase your risk of colon
cancer," according results from the Cancer Prevention Study II (J. Am. Medical Assoc. January
12,2005). This conclusion was based on a study of 148,610 adults aged 50 to 74 years. Wow,
big numbers! Then the researchers "sliced and diced" the data (statisticians call it accounting for
other possible sources of variation) and said the conclusion was still valid after adjusting the data
for age and energy intake. Good idea! They should have stopped there because the conclusion
was no longer true after adjusting the data for body mass index, cigarette smoking and other risk
factors. Say again, what was that initial conclusion??
In the light of all these "experts," what is the average intelligent consumer supposed to
believe? If you want to view a realistic and sometimes humorous take on some oftoday's "new
findings", visit junkscience.com. Adding to the consumer's problem is The Paradox of Choice
(Schwartz, 2004); the consumer is faced with "choice overload" and long and often confusing
labels every time they enter the supermarket.
Not everyone believes these off the wall, unsupported "reports," however.
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Louise Fresco, Assistant Director General ofFAO's Agriculture Department spoke at the
Horizons in Livestock Sciences 2005 Conference in Australia (available at
www.fao.org/ag/magazine/0511sp1.htm).
Her presentation focused on three key issues:
1. Raising food animals in a rapidly urbanizing world
2. Protection of both animal and human health
3. Managing breeding technologies to mitigate potential loss of genetic diversity.
She called for "intensification of production" as a means for promoting gains in efficiency for
the large majority of the world's producers and ranchers who raise animals on a subsistence
basis. "The demand for standardized, safe food may require management systems considered by
some consumers to be unnatural or cruel. Animal welfare considerations must be based on
sound science and objective research. Science can facilitate sustainable, equitable and safe
development of the livestock sector." She concluded by saying, "For science, perhaps the
greatest challenge is to find ways to communicate with its clients and with the public at large."
It seems that what has been accomplished with technology over the past 50 years is the
target of some but the envy of others. If you want to explore additional coverage of these issues
in a depth and detail rarely present in the mainstream media, visit the food industry information
hub www.meatingplace.com.
It is disturbing to me how perception - rather than reality - has become a dominant factor
in marketing philosophy. It isn't science that reigns supreme any more, it's perception.
How else do you explain McDonald's "order" to its meat suppliers to phase out
antibiotics for promoting animal growth? It seems as if the fast-food company accepts the fact
that antibiotics causes bacteria to acquire resistance (true), and is banking on the perception that
antibiotic use in animals makes it more difficult to treat infections in humans (never shown even
with controlled research designed to prove this).
McDonalds took this step in spite of a peer-reviewed paper in a respected scientific
journal with 246 references that concluded "What has not happened in 50 years of antibiotic use
in animals ... seems unlikely to happen at a rapid rate now." (Phillips, et aI, 2004). A FOX
News headline (June 27, 2003) read, "McJunk Science: Over Five Billion Fooled" and said,
"McDonald's is simply trying to score public relations points by appearing to be 'socially
responsible' ."
Now it has been announced that Tyson Foods has teamed up with Certified Angus Beef
to produce CAB Natural Beef. Only antibiotic and hormone-free animals grown on a 100%
grass and grain diet qualify for the new product line. This ignores the fact that there is no such
thing as a "hormone free animal." I wonder what a hormone-free woman would look like?
Hormone replacement in women - and now and men - is a clinical therapy of longstanding, whether you believe it is good or bad.. Soy products are touted for their health
promoting effects in people, partially because they contain isoflavones, which are estrogenic
hormonal compounds. The discovery of this activity in soybeans is one ofthe findings that lead
to the development of DES as a growth promoter in cattle in the first place. Yet consumers are
led to believe that implants result in "hormone beef' when any demonstrated residues from
implant use in cattle are one-hundredth or less of a no-physiological-effect level and are below
levels that can be found "naturally" in beef from cattle during certain physiological stages
(Preston, 1997).
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DES use in cattle was banned not because of any health related problems in humans
eating beef from cattle given DES. In the end, it was banned because "no one could prove that
DES beef had harmed a single member of the populace. Conversely, no one could prove that it
had not." (Marcus, 1994). Since hormone-based birth control pills are widely accepted and
approved for human use, maybe we should simply implant cattle with birth control pills? This
probably is not too practical, however, since cattle would need to be reminded daily.
I hope the reader is beginning to see my basic point. Anti-technology forces are hard at
work, capturing media and celebrity attention, involving well meaning but misinformed people,
and generating large sums of money to promote their cause. I understand that environmental
causes have an estimated $500 million annually to spend on their causes. Compare that to the
beef checkoff that generates around $46 million annually with over half of that earmarked for
beef promotion.
One could legitimately ask: Has this promotion been effective? Recently, the president
of National Cattlemen's Beef Association (NCBA) said that the checkoff has been an important
tool for increasing beef demand for 20 years. Really? Ifbeef demand has been increasing for 20
years, why has per capita beef consumption remained flat for the last 15 years?
I realize that consumption does not equal demand. We need to consider elasticities and
other economic variables. In view of the fact that chicken consumption has increased 40% over
the past 15 years (without a chicken checkoff !), I guess we should feel good that beef
consumption has remained flat. The NCBA president went on to say that the beef checkoff
would continue to be important in responding to ever-growing competition from other meal
.options and other beef producing nations. This is tunnel vision. What about countering the antitechnology forces that -- if they succeed - could force the beef industry into an unsustainable
position? Isn't that a more urgent initiative? It's not even part ofthe NCBA's long-range plan.
I mentioned DES, and I'm sure people in the industry would prefer to keep this subject in
the past. However, the same forces that brought down this technology are at work today, only at
an accelerated rate. I recommend Alan Marcus (1994) book, which covers the events that led to
the downfall of this important technology, as required reading, If you don't think things are
moving fast these days, consider the controversy over the use of carbon monoxide for keeping
meat looking appetizing, which is evolving even as this paper is being written.
Is it time for the beef industry to focus on the consumer's image of the final product and
incorporate some of the Edward Deming's principals so effective in bringing Japan's products
from the cheap "made in Japan" image to quality products in demand worldwide? (Deming,
2000). Good is no longer good enough. Is it time for all land-based industries to unite in a
coalition to provide the "real story" to counter media misinformation? Timber, mining, oil, gas
extraction and all of agriculture are all being pressured by misguided agendas that could affect
their economic viability.
I suppose I should think "outside the box" and say what is it we are trying to sell? Are
we selling inputs into the beef industry (pharmaceuticals, biologicals, supplements, etc.) that are
based on technology, or are we selling output, namely beef?
My colleague, Tom Elam, in a recent article (2006), developed cost comparisons between
organic foods and conventional, technology-produced food items.! guess we must admit that if
misinformed people want to spend twice as much for organic foods, and someone can sustain
production of these foods, then more power to them. However, over the next 50 years, we
cannot hope to feed the increasing population of the U.S. and the world on decreasingly available
arable land by regressing back to food production methods employed in the early 1900's.
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Technology must playa continuing role in the future. Although scientific research will
continue, the eventual acceptance of technology will depend on getting consumers to better
understand - and appreciate - the role of scientific research in assuring them a sufficient and
affordable supply of safe, high-quality, nutritious food.
Compara flve cost or org anlC versus mo d ern-tec hnlo ogy fI00 d'Items.
Organic
Technology
Cost ratio
Food item
cost, $
cost, $
1 doz. large eggs
2.99
0.99
3.0: 1
·1.8 : 1
0.5 gal. 2% milk
3.29
1.84
1 lb. cauliflower
2.99
1.99
1.5 : 1
1 lb. filet mignon
41.50
15.00
2.8: 1
1 lb. lean ground beef
6.00
1.7 : 1
3.50
1 bu. yellow corn
41.45
1.90
21.8:1
Technology must playa continuing role in the future. Although scientific research will
continue, the eventual acceptance of technology will depend on getting consumers to better
understand - and appreciate - the role of scientific research in assuring them a sufficient and
affordable supply of safe, high-quality, nutritious food.
Future Technology
What might we expect from science and technology for future livestock production?
1. There will continue to be new pharmaceutical products, including biologicals and
immunologicals, that will improve the efficiency, health and therefore the well being of
livestock.
2. DNA technology will open up new vistas and approaches to animal selection, production,
and product quality and consistency.
3. Feeds will be genetically engineered for improved nutrient content and utilization, and
targeted for specific animal use.
4. Nutrient formulations will be developed for specific physiological functions in the
animal.
5. The role of nutrient -genetic expression will become better understood and tailored for
specific animal genotypes.
6. Increased understanding of rumen fermentation will enhance the efficiency of this
process for meat or milk production.
7. Meat quality attributes will be identified and applied that will replace the "magic" of
marbling as a grading criterion.
8. Research will uncover new and unique uses for valuable animal byproducts, including
animal waste, unique proteins and animal fat.
Scientific research will continue simply because man is curious. The eventual acceptance
of technology will depend on consumer understanding the role of science and research in
assuring sufficient, nutritious, high quality and safe food.
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GRADUATE STUDENT ABSTRACTS
Meta Analysis of CVDS Model Predictions of Feed Intake and Efficiency in Growing and
Finishing Cattle
B.M. Bourg); L.O. Tedeschil, G.E. Carstens), P.A. Lancasterl, D.G. Fox2
1 Texas A&M University, College Station; 2Cornell University, Ithaca
The Cattle Value Discovery System (CVDS) was developed to predict growth and feed
requirements of individual growing and finishing cattle fed in groups based on animal, diet, and
environment information. The objectives of this study were 1) to evaluate the effectiveness of
the CVDS to predict dry matter required (DMR) and feed conversion ratio (DMR:ADG) from
observed animal performance and 2) to examine phenotypic correlations between model
predicted and observed intake and feed efficiency. The predicted intake difference (PID), which
is the difference between DMI and DMR, was also compared with residual feed intake (RFI).
The first database consisted of four studies of growing (GS) steers and heifers (N = 514) fed high
roughage diets (2.06 to 2.14 Mcal ME/kg) and initial and final BW averaging 274 to 352 kg.
The second database contained four studies of finishing (FS) steers (N = 320) fed high grain diets
(2.73 to 2.99 Mcal ME/kg) and initial and final BW ranging from 358 to 521 kg. Within studies
cattle were individually fed and managed in a similar manner. Animal performance and carcass
traits were used to compute the BW at 28% empty body fat (AFBW) for each animal in the FS.
Ultrasound measurements and predicted HCW were used to compute the AFBW for GS. DMI
was regressed on DMR using a mixed model, assuming studies as random effects and
unstructured variance-( co )variance matrix. The adjusted DMI was estimated based on the fixed
effects as predicted by this mixed model plus the residue. The correlation between DMI and
DMR for both databases combined was 0.84. The RFI values were calculated using a multiple
linear regression ofDMI on ADG and metabolic BW (MBW), assuming studies as random
effects and variance components (VC) for the variance-(co)variance matrix. All other variables
were adjusted with a mixed model, assuming VC for the variance-( co)variance matrix; only the
intercept was adjusted for study effect. In both GS and FS, DMR was moderately correlated
(>0.71) with DMI; FCR was highly and moderately correlated with DMR:ADG (0.81 and 0.61)
for GS and FS, respectively; and PID was highly correlated with RFI in both databases (>0.77).
PID was more negatively correlated with ADG (-0.60; -0.23) and less positively correlated with
DMI (0.18; 0.44) in GS compared to FS, suggesting that model predictions were more robust for
FS vs GS calves. These findings suggest an overall satisfactory prediction of DMR by the
CVDS model, but more work is needed to improve the predictability for GS animals.
Person Correlation of adjusted variables for FS (above diagonal) and OS (below diagonal) studies (* P < 0.05)
ADO

MBW

DMI

DMR

FCR

DMR:ADO

0.364*

0.621 *
0.654*

0.838*
0.637*

-0.571 *
0.232*

-0.522*
0.317*

-0.0003
-0.002

-0.234*
0.067

0.712*

0.267*

-0.035

0.634*

0.439*

-0.288*

0.014

0.041

-0.319*

0.614*

0.637*

0.729*

ADO
MBW

0.365*

DMI

0.604*

0.647*

DMR

0.931 *

0.653*

0.727*
0.115*

FCR

-0.688*

0.105

DMR:ADO

-0.710*

0.289*

RFI

-0.0004

0.00175

PID

-0.596*

-0.146

-0.505*

0.058

-0.427*

0.808*

0.650*

0.544*

0.544*

0.038

0.180*

-0.546*

0.862*

0.446

-0.135
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RFI

PID

-0.066
0.802*

0.771*

Evaluation of Excede for Control of BRD When Administered at Initial Processing or at
Revaccination Within Pasture and Feedlot Receiving Systems
V.R. Bremer I, G.E. Ericksonl, TJ. Klopfensteinl, D.R. Smithl, KJ. Vander POll, M.A.
Greenquistl, D. Griffin I , G.E. Sides2, L. Bryane
I University o/Nebraska, Lincoln; 2 Pfizer Animal Health, New York
Preventing bovine respiratory disease (BRD) among incoming calves is a challenge for feedlot or
backgrounding systems. The objective of this study was to determine the effect of Excede® at
arrival or at revaccination on morbidity, mortality, and gain in both feedlot and pasture receiving
systems. A total of2,264 steer calves (BW = 575 ± 10 Ibs.) from 3 buyers were assigned
randomly to pens receiving one of three treatments with 12 replications per treatment. Seven
reps were in a feedlot receiving system (20 steers/pen; 36 m2/steer) and 5 reps were on coolseason pastures (88-152 steers/l.6-1 0.1 ha pasture). All calves received modified-live viral
vaccine and Haemophilus somnus bacterin at initial processing and reprocessing. All calves
received injectible anthelmintic at initial processing and 7-way Clostridium spp. bacterin-toxoid
at reprocessing (median 18 d; d 16-27). Treatments included no antibiotic at arrival, Excede (6.6
mg/kg BW) at arrival, or Excede (6.6 mg/kg BW) at revaccination. Respiratory disease
incidence and BW data were analyzed accounting for correlated observations of steer within pen.
No differences (P < 0.05) of initial or final BW, or ADG were observed due to treatment. Initial
BW, treatment, receiving system (pasture or feedlot), and buyer explained the cumulative
incidence of respiratory disease for the study period (P < 0.01) in a generalized estimating
equations logistic regression model. Cumulative incidence ofBRD was 4.7±1.1 %, 11.0±1.9%,
and 13.8±2.1 % for arrival, control, and revaccination treatments, respectively. The arrival
treatment model-adjusted incidence ofBRD was less than the control treatment (P < 0.01). The
model-adjusted incidence ofBRD among revaccination medicated steers was not significantly
different from the control treatment. Cumulative incidence of BRD was less (P = 0.02) for
pasture receiving than feedlot receiving, 7.4±1.1 % and 11.0±2.1 % respectively. Most incidents
of BRD occurred during the first 14 days of arrival and before the revaccination medication was
administered. Therefore, the revaccination medication in this study was not economically or
biologically feasible. The economic relationship between the control and arrival medication in
this study was influenced by changes from incidence of BRD, mortality, and cattle receiving
BW. Economic assumptions include no statistical difference in ADG between control and
arrival treatments (numeric difference of 0.18 lb/hd/d) and no statistical difference in control and
arrival treatment mortality. The economic model calculated a death loss breakeven of 1.87% of
control cattle to offset the cost of the arrival treatment. The arrival medication effectively
improved animal health status by reducing BRD incidence, but was more costly than the control
treatment. The low incidence of BRD in this study prevented the arrival medication from being
more effective. These cattle will be followed to slaughter for lung lesion scoring, ADG, carcass
quality, and economic analysis.
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Effect of Feeding a Byproduct Combination at Two Levels or Byproduct Alone
in Feedlot Diets
C.D. Bucknerl, G.E. Ericksonl, TJ. Klopfensteinl, R.A. Stock2, K.J. Vander POll
I University of Nebraska, Lincoln; 2Cargill Wet Milling, Blair, NE
A finishing study was conducted to evaluate feeding a byproduct combination relative to feeding
bypro ducts alone. Wet com gluten feed (WCGF; Sweet Bran, Cargill, Blair, NE) and wet
distillers grains with solubles (WDGS; Abengoa, York, NE) were used in a blend combination
(1:1 DM basis) at two inclusion levels (30 and 60% DM basis) or fed alone (30% DM basis) in
dry rolled:high moisture com (1: 1 DM basis) feedlot diets. A control com-based diet was also
fed. All diets contained 7% alfalfa hay and 5% dry supplement. Backgrounded calf-fed steers
(n=250; 755 ± 29.7Ibs) were used in a RCBD (three weight blocks, ten steers/pen, five
pens/treatment) to evaluate ADG, DMI, and F:G. Steers were fed for 124 days and slaughtered
on dl25 at a commercial abbatoir to collect carcass data. Final BW, regressed from HCW at
63% dressing, were heaviest for 30% WDGS (1338Ibs) and lightest for control cattle (1261lbs),
while cattle fed the 60% byproduct blend were slightly heavier than control cattle, and cattle fed
30% blend had final BW between those fed 30% WCGF and 30% WDGS. ADG increased
(P<O.OI) with addition of any level of bypro ducts in the diets. DMI increased (P<O.OI) with
dietary byproduct inclusion relative to control (23.8Ibs), with highest intake for 30% WCGF fed
cattle (26.2lbs). Feed conversion was lowest for 30% WDGS fed cattle; while, feeding a
byproduct blend at 60% of diet DM was still improved over control fed cattle. Other than
carcass weight and calculated USDA yield grade, no other carcass data differences were
observed among treatments. Feeding WCGF and WDGS in a combined blend or alone to feedlot
cattle improved gain and efficiency over control fed cattle. There was no positive or negative
associate effect for 30% Blend against 30% WCGF and 30% WDGS. 60% Blend resulted in
lower ADG and DMI, while still maintaining the same F:G as 30% Blend; this indicates that
more byproducts can be fed at higher levels when fed in a combination blend.
Treatment":

CON
b

30WCGF

30Blend

d

de

30WDGS
e

AOG, Ib
4.07
4.47
4.56
4.66
OMI, Ibid
23.8b
26.2d
25.3cd
25.1 c
F:G
5.82d
5.86d
5.58c
5.34b
a Blend= 1: 1 WCGF: WOGS (OM basis) at 30 and 60% dietary inclusion.
bcde Means with different superscripts differ (P<0.05).

60Blend
c

4.27
23.8b
5.60c

SE
0.05
0.3
0.070

Effects of source of supplemental energy on adipose tissue accretion in stocker steers
grazing ryegrass pasture
l
l
E. K. Bumpus , J. E. Sawyer , T. D. A. Forbes2, B. G. Warrington2, and J. W. Hollowar
I Department of Animal Science, Texas A&M University, College Station; 2Texas Agricultural
Experiment Station, Uvalde
Fifty-eight high-grade Bonsmara steers (initial BW = 264 ± 29 kg) were used to evaluate effects
of high-fiber versus high-starch pasture supplements on s.c. and i.m. adipose tissue accretion
during growing and finishing phases. Cattle were stratified by BW, randomly assigned to one of
three treatments, and placed on irrigated rye grass pastures. Treatments were 1) no supplement
(NC); 2) commercially available, pelleted high roughage (HR) supplement, designed to promote
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higher acetate fermentation, fed at 1.36 kg/hd (as-fed) 6 d/wk; or 3) com-based high starch (HS)
supplement, designed to promote higher propionate fermentation, fed at the same rate and
frequency as HR. Full BW was measured every 28 d throughout growing (140 d) and finishing
(119 d) phases. Ultrasound estimates of rib eye area (REA), percent i.m. fat (IMF), and 12th rib
fat thickness (BF) were obtained on d -15,56,112,182,
and 231. Growth performance and
ultrasound data were analyzed using mixed model repeated measures procedures with treatment,
day, and their interaction as fixed effects. All responses increased over time (P < 0.01).
Interaction effects on BW (P = 0.05) and BF (P = 0.02) resulted from rank changes oftreatments
among days. Neither treatment nor interaction affected (P > 0.20) IMF, but treatment influenced
ultrasound REA (P = 0.05); HS-fed steers had larger REA than HR-fed steers; NC steers were
intermediate. Treatment effects on REA with no differences in IMF suggest that HS-fed steers
accreted a greater total amount i.m. fat. Carcass data was collected at harvest and traits were
analyzed as a completely randomized design, one-way treatment structure. Hot carcass weight,
carcass REA, and carcass fat thickness were similar among treatments (p> 0.48); however,
marbling score (MARB) tended (P = 0.15) to differ among treatments. Supplemented steers
tended to have greater MARB than NC steers, and MARB was numerically greater for HS-fed
steers than HR-fed steers. The relationship between carcass REA and MARB is consistent with
the relationship observed between ultrasound REA and IMF. Treatment influenced (P = 0.004)
Wamer-Bratzler shear force (SHEAR). Supplemented steers had lower SHEAR values than NC
steers; SHEAR values were numerically lower for HS-fed steers than values for HR-fed steers.
Response in SHEAR is directionally consistent with MARB tendency. These observations
suggest that source of energy supplement partitioned nutrients during the growing phase to favor
i.m. fat accretion.
Effects of an Intratracheal Challenge with Mannheimia haemolytica on Intake and
Nitrogen Balance in Fed or Fasted Steers
L.O. Burciaga-Roblesl, D.L. Step2, B.P. Hollandl, M. Montelong02, A.W. Confer2, J.N. Gilliam2,
C.L. Goad3 and C.R. Krehbiell
I Department of Animal Science, 2Center for Veterinary Health Sciences, 3Department of
Statistics, Oklahoma State University, Stillwater
The objective of this experiment was to determine the acute (4 d) and long-term (2 wk) effects of
an intratracheal challenge with Mannheimia haemolytica on DMI and nitrogen balance in fed or
fasted steers. Twenty two steers (initial BW = 319.7 ± 24.3) with chronic indwelling catheters to
measure blood flow, nutrient flux, and immune response components across the portal drained
viscera (PDV) and liver were utilized for this experiment. A total of six animals were assigned
to one of four treatments: 1) fed ad libitum and not challenged (Fed/Control); 2) fed ad libitum
and challenged (d 0) with 10 mL of a solution containing 1x 109 CFU/mL of M haemolytica via a
tracheal tube (Fed/Challenge); 3) fasted for 72 h and not challenged (Fasted/Control); 4) fasted
for 72 h and challenged (d 0) with 10 mL of a solution containing 1x 109 CFU/mL of M
haemolytica via a tracheal tube (Fasted/Challenge). The experiment consisted of two, 3 wk
sampling periods with 12 animals sampled in each period. Samples were collected for three
(pre-challenge samples collected on d -3, -2, and -1), five (acute response samples collected on d
0, 1,2,3, and 4), three (wk 1 samples collected on d 6, 7, and 8), and three (wk 2 samples
collected on d 14, 15, and 16) sampling days. Dry matter intake and total urine and fecal
excretion were collected and used for analysis ofN retention. Intratracheal disease challenge
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with M haemolytica increased (P < 0.05) antibody concentration for the whole bacteria and
Leukotoxin on day 15. In the acute model, DMI responded with a diet*day*disease interaction
(P = 0.02). After the 72 h fasting period, the Fasted/Control steers consumed the same amount of
DM as Fed/Control. However, an erratic pattern of intake was observed during the acute phase
of the experimental period for this group. Steers challenged with M haemolytica had lower (P <
0.05) DMI during the first 2 (Fed) and 4 (Fasted) d of the acute model of the disease. In the
long- term analysis of data a diet*disease*week interaction was observed (P = 0.002). The
Fed/Control steers generally had constant DMI, which may reflect no health and/or metabolic
alterations during wk 1, in comparison with the Fasted/Control and Fed/Challenge. However, no
statistical difference was observed in DMI among Fed/Control, Fasted/Control, and
Fed/Challenge during wk 1 and 2 of the experiment. Nitrogen retention of fasted animals was
lower (P = 0.006) compared with fed animals. Steers challenged with M haemolytica tended (P
= 0.10) to have a decreased amount ofN retained during the experimental period. During the
acute phase of BRD challenge a tendency (P = 0.09) was observed for a diet*day*disease
interaction for N retention. Steers that were fasted and challenged had lower (P < 0.05) N
retention than Fed/Control animals 4 d after the challenge. For the long-term effect no statistical
difference was observed (P = 0.20). Our data suggest that cattle that are fasted and challenged
with a BRD pathogen have lower N retention for up to 4 d following the insult, and that loss of
performance may not be compensated for, at least within the first 2 wk following the challenge.
Energy and Protein Requirements for Maintenance and Growth of Fl Nellore x Red Angus
Bulls, Steers, and Heifers Fed High-Forage Diets
M.L. Chizzottil,2, S.C. Valadares Filhol, L.O. Tedeschi2, G.E. Carstens 2, F.H.M. Chizzotti 1,2,
P.D.B. Benedetil, P.M. Amarall, T.1. Rodriguesl, D.M. Oliveiral, M.A. Fonsecal,
L.c. Silval, and M.1. Marcondesl
I Federal University ojVif;osa, Vi~osa, Brazil; 2Texas A & M University, College Station
A comparative slaughter trial was conducted with 36 F1 Nellore x Red Angus calves (12 steers,
12 bulls, and 12 heifers), averaging 274 kg BW. Three animals from each gender were
slaughtered at the beginning of the trial, to determine the initial body composition. The
remaining calves (3 animals of each gender) were randomly assigned to three treatments:
maintenance level (70% of com silage, DM basis) or fed at 0.75 or 1.5% ofBW of concentrate
with com silage being offered ad libitum. The diets were isonitrogenous (12.5% CP, DM basis).
The experimental design provided ranges in ME intake, BW, and ADG for the development of
regression equations to predict requirements of net energy for maintenance (NEm), net energy
for gain (NEg) and net protein for gain (NPg). After three growing periods of 28 d, all animals
were slaughtered. The cleaned gastrointestinal tract, organs, carcass, head, hide, tail, feet, blood,
and tissues were weighed to assess empty BW (EBW). These parts were ground separately and
subsampled for chemical analyses. For each animal within a period, the DMI were measured
daily and samples of feces were collected to determine the diet digestibility. Initial body
composition was determined with equations developed from the baseline slaughter group. There
were no differences in the energy requirements for maintenance among gender. The combined
data indicated a NEm of71.25 kcal/kgo.75 EBW and a MEm of 100.4 kcal/kgo.75 EBW, with a
partial efficiency of use of ME to NE for maintenance of 0.71. The average partial efficiency of
use of ME to NE for growth was 0.52. There were differences in the net energy for gain among
gender. Bulls had lower NEg requirements (P<0.05) than heifers and steers, indicating that they
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retained less energy r.~r kg of empty body gain .(EBG). The RE (Mcal/d~ equation for bulls was
RE = 0.0482x EBW . 5xEBGl.059and the equatIOn for both steers and heIfers was RE =
0.0593xEBWo.75xEBGI.065. There were no differences in the NPg among gender. The NPg
(g/kg EBG) equation of the pooled data was 0.5714x EBGxEBWo.2475. Our findings suggest the
energy requirements ofF1 Nellore x Red Angus for maintenance might be lower than that of
purebred Red Angus. Bulls had a lower energy requirement for gain than either steers or heifers.
However, our data indicated no differences in NEm and NPg for bulls, steers, and heifers ofF1
Nellore x Red Angus fed high- forage diets.
Effects of Bio-MOSTM Supplementation on the Performance, Health, and
Fecal Microbiology of Receiving Calves
J. J. Cranston, E. P. Cuesta-Alonso, C. R. Krehbiel, S. E. Gilliland, and M. P. McCurdy
Oklahoma State University, Stillwater
The objectives of this experiment were to evaluate the effects of Bio-MOSTM (Alltech, Inc.,
Nicholasville, KY) supplementation in a high-energy receiving diet on the performance, health,
and fecal microbiology of high-risk calves in a 42-d receiving trial. Three hundred sixty-four
calves (initial BW = 219 ± 22.4 kg) were used in a randomized complete block design with two
dietary treatments. Calves were fed rolled-com based receiving diets with (DM basis) 20%
alfalfa hay, 20% cottonseed hulls, and 10% dried distillers' grains. Dietary treatments included:
1) receiving diet without Bio-MOS supplementation (CON; n = 12 pens) and; 2) receiving diet
with Bio-MOS supplementation fed at a targeted intake of8 g'head,l'd,1 (Bio-MOS; n = 12
pens). Bull calves were surgically castrated on d 1. Three calves from each pen were randomly
selected for fecal microbiological analyses. Fecal grab samples were obtained from the calves
on dO, 14, and 42. No differences were detected between treatments for BW (P 2: 0.56), DMI (P
2: 0.39), DMI as a percent ofBW (P 2: 0.28), ADG (P = 0.80), or F:G (P = 0.97) throughout the
study. Additionally, no differences were detected between treatments for the percentage of
animals within each pen receiving one (P = 0.41), two (P = 0.77), or three (P = 0.28) antibiotic
treatments. Three calves fed the Bio-MOS diet died during the trial, whereas no animals
receiving the CON diet died (P = 0.05). The death of only one steer was attributed to BRD.
Therefore, the low mortality rate and the causes of death limit any meaningful interpretation of
the mortality data. No differences were detected between treatments on any sampling date
regarding the count of total coliforms (P 2: 0.33), the count of Lactobacilli ssp. (P 2: 0.40), or the
presence of Salmonella ssp. (P 2: 0.48). Additionally, no differences were detected between
treatments regarding the presence of E. coli 0157 :H7 for samples taken on d 0 (P = 0.17) or d 14
(P = 0.82). However, a difference was detected (P = 0.02) for the percentage of fecal samples
testing positive for the presence of E. coli 0157:H7 taken on d 42. Approximately 51% of the
samples taken from calves receiving Bio-MOS were positive for E. coli 0157:H7, while
approximately 82% of the samples receiving the CON diet tested positive for the organism. The
results of this study indicate that although Bio-MOS was effective in reducing the number of
animals with E. coli 0157 :H7 in the gastrointestinal tract, it did not produce any subsequent
improvements in animal performance or health within the 42-d receiving period.
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Diurnal and Dietary Impacts on Estimating Microbial Protein Production from Urinary
Purine Derivative Excretion in Beef Cattle
G.!. Crawford, M.K. Luebbe, K.J. Vander Pol, J.e. MacDonald, T.J. Klopfenstein,
and G.E. Erickson
University of Nebraska, Lincoln
Two experiments were conducted to determine effects of dietary protein concentration and time
of urine spot sampling on urinary purine derivative (PD; allantoin + uric acid) excretion. In Exp.
1, 116 individually-fed crossbred heifers (897 ± 71 lb) were arranged in a randomized complete
block design. Treatments were arranged in a 2 x 3 factorial design, with two urine spot sample
collection times (0700 and 1700 h; AM and PM) and three diets: 85% steam-flaked corn (SFC);
85% SFC + 1.5% urea (UREA); or 25% SFC, 30% wet corn gluten feed, and 30% corn bran
(BYPROD). In Exp. 2, six ruminally and duodenally fistulated steers (1,045 ± 821b) were
arranged in a replicated 3 x 3 Latin square design, with dietary treatments identical to Exp. 1.
Steers were fed once daily at 0730 h, and ruminal pH and DMI were continuously monitored
throughout each collection period. Urine spot samples were collected at 0700, 1200, 1700, and
2200 h. No urine collection time x diet interactions occurred (P> 0.20) for any variable in either
experiment. In Exp. 1, DMI was greatest with BYRPOD and lowest with SFC (P < 0.05)
averaging 17.4, 19.4, and 22.9 Ibid for SFC, UREA, and BYPROD, respectively. Heifers
consuming BYPROD and UREA gained 3.75 and 3.53 Ibid, respectively, which were both
greater (P < 0.05) than heifers consuming SFC (2.43 Ibid). Feed efficiencies were 0.139, 0.182,
and 0.163 for SFC, UREA, and BYPROD, respectively, with UREA the greatest and SFC lowest
(P < 0.05). Urinary PD:creatinine (PD:C) ratio measured 0.94, 1.18, and 1.25 for SFC, UREA,
and BYPROD, respectively, with BYPROD being the greatest, UREA intermediate, and SFC
lowest (P < 0.05). Urine spot sampling time had a significant (P < 0.05) impact on PD:C,
measuring 1.03 and 1.22 for AM and PM samples, respectively. In Exp. 2, DMI was greater (P
< 0.05) with BYPROD than with SFC, and tended (P = 0.07) to be greater with BYPROD than
with UREA. Ruminal pH measured 5.43, 5.58, and 5.94 for SFC, UREA, and BYPROD,
respectively, and was greatest (P < 0.05) with BYPROD. Ruminal OM digestibility was not
affected (P> 0.10) by treatment, averaging 62.8%. Total tract OM digestibility measured 85.3,
87.8, and 79.8% for SFC, UREA, and BYPROD, respectively, and was lowest (P < 0.05) with
BYPROD. Urinary PD:C was greater (P < 0.05) with BYPROD than with SFC, and tended (P =
0.09) to be greater with UREA than with SFC, measuring 0.75, 0.92, and 1.06. Urinary PD:C
measured 0.82, 0.86, 0.96, and 0.98 when urine spot samples were collected at 0700, 1200, 1700,
and 2200 h, respectively (linear; P < 0.05). Compared with diets below the degradable intake
protein (DIP) requirement, supplementing urea increased microbial protein as predicted from
PD:C. Feeding bypro ducts also increased PD:C because DIP requirements were met. Increases
in PD:C with bypro ducts compared with urea could be due to an increase in ruminal pH.
Regardless of treatment, estimates ofMCP from PD:C are greatest when spot samples are
collected later in the day, and relative differences between treatments can be found at any
collection time.
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Rumensin and Tylan in Finishing Diets that Contain Corn Wet Distiller's Grains
B.E. Depenbusch, J.S. Drouillard, E.R. Loe, M.E. Corrigan, A.S. Webb, and M. J. Quinn
Kansas State University, Manhattan
Three hundred and seventy-one crossbred-yearling heifers (660 ± 191b) were obtained from a
common source and used in a randomized complete block design finishing study. A 2x3
factorial arrangement of treatments was used with factor one being diet; steam-flaked corn based
finishing diet (SFC) or SFC plus 25% (dry basis) corn wet distiller's grains (WDG). The second
factor was feed additives; no added antibiotics (NONE); 300 mg Rumensin® per heifer daily
(RUMENS IN); or 300 mg Rumensin + 90 mg Tylan® per heifer daily (RUM&TYL). Main
effect of diet resulted in similar dry matter intakes (P = 0.34). Heifers fed the SFC diets gained
9% faster (P = 0.01) and were 7% more efficient (P = 0.01) than heifers fed WDG. In addition,
heifers fed the SFC diet had 3% heavier (P = 0.01) HCW; 1% higher (P = 0.01) dress yield; and
had 3% larger (P = 0.05) LM area. Marbling score and carcasses that graded USDA Choice or
better were both higher (P < 0.05) for heifers fed SFC. Heifers fed RUM&TYL consumed
numerically less feed and were numerically more efficient (P ~ 0.20) than heifers fed NONE and
RUMENSIN. Heifers fed RUMENSIN had a smaller (P = 0.01) LM area than heifers fed NONE
and tended (P = 0.09) to have smaller LM area than RUM&TYL. Marbling score, USDA
Quality Grades, and USDA Yield Grades were not different (P ~ 0.44) between feed additive
treatments. Kidney, pelvic, and heart fat and s.c. fat thickness at the 12th rib were similar (P ~
0.55) for main effects of Diet and Additive. There was a tendency (P = 0.09) for a Diet x
Additive interaction for the most severe (A+) liver abscesses. Heifers fed NONE yielded the
highest percent (16%) of A+ liver's in the SFC treatment, while heifers fed RUM&TYL yielded
the highest percent (10%) in the WDG treatment. In Summary, including WDG in diets based on
SFC decreased finishing heifer performance, HCW, and marbling. Feed additives had little
effect on performance; however, diets containing Rumensin and Tylan numerically increased
feed conversion. Tylan addition tended to decrease severity of liver abscesses in diets containing
SFC but not in diets containing WDG. Based on these data, feed additives may not be as
effective when used in diets including high levels ofWDG.
Energy and Protein Requirements for Maintenance and Growth of Boer Crossbred Kids
M.H.M.R. Fernandesl, K.T. Resendel, L.O. Tedeschi2, J.S. Fernandes Jrl, H.M. Silval, G.E.
Carstens2, LA.M.A. Teixeiral
1 sao Paulo State University/FCA V, Jabotieabal, Brazil; 2Texas A&M University, College Station
The objective of this study was to determine energy and protein requirements for maintenance
and growth of 34 intake male crossbred (%Boer lf4Saanen) from 20 to 35 kg BW. The baseline
group (BL) was comprised of seven randomly selected kids, averaging 20 kg BW. An
intermediate group was fed ad libitum and consisted of six randomly selected kids that were
slaughtered when they reached 27.5 kg BW. The remaining kids (n = 21) were randomly
allocated to three levels ofDMI (treatments: ad libitum and restricted to 30 and 60% of the ad
libitum) within seven groups. A group was slaughtered when the ad libitum treatment kid
reached 35 kg BW. Body components were weighed, ground, mixed, and subsampled for
chemical analysis. Initial body composition was determined using equations developed from the
composition of the BL kids. The diet DM consisted of 47% corn hay and 53% concentrate
(21.4% CP). A digestion trial was conducted in parallel to determine dietary DE and ME. The
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NEm calculated was 77.3 ± 1.05 kcal/kgo.75 EBW (67.4 ± 1.04 kcal/kgo.75 BW). The ME for
maintenance (MEm; 118.1 kcal/kgo.75 EBW) was calculated by iteration assuming heat produced
is equal to ME intake at maintenance. Therefore, the partial efficiency of use of ME to NE for
maintenance was 0.65. A value of391 ± 59 mg N/d·kgo.75 EBW for N losses (or 2.44 ± 0.4 g of
NPm/d·kgo.75 EBW) was determined. Net energy (NEg) and protein (NPg) requirements for
growth ranged from 2.55 to 3.0 Mcal/kg empty weight gain (EWG) and 178.8 to 185.2 g/kg
EWG for 20 and 35 kg BW; respectively. These findings suggested that net energy and protein
requirements for growth of Boer crossbreds, a meat type breed, might be higher than published
requirements for dairy goats.
Growth Performance Profile and Carcass Characteristics of Steers Fed Optaflexx®
M.A. Greenquist!, KJ. Vander POll, G.E. Erickson!, T.J. Klopfenstein!,
M.T. Van Koevering2, and W.J. Platter2
1 University of Nebraska, Lincoln; 2Elanco Animal Health
Crossbred, feedlot steer calves were used in a RCBD to evaluate the effects of Ractopamine
HCL (RAC) on growth performance and carcass characteristics when fed for 28 or 42 d prior to
slaughter. Within block, cattle were weighed for two consecutive days and randomly assigned to
treatment pens at re-implanting (82 d). The study consisted of 4 treatments in 3 blocks, with 7
replications per treatment for a total of 28 pens of 331 cattle (1186 lb). The treatment phase
consisted of 0 (CON) or 200 mg/hd daily ofRAC (DOSE) fed for 28 or 42 d prior to slaughter
(DUR). All steers were projected to be fed and slaughtered at 179 d, therefore steers fed for 42 d
were fed an additional 14 d and slaughtered at 193 d. Pens were weekly (0, 7, 14,21,28,35
and
42 d) to determine growth performance profile. Analyses of growth performance data were
conducted using a mixed model procedure with pen as the experimental unit. The statistical
model included treatment (DOSE and DUR) as the independent fixed effect, and block as a
random effect. Initial body weight was used as a covariate. There were no DOSE x DUR
interactions (P>.44). Feeding steers RAC increased (P<O.Ol) final BW 17.61b (1315.2 vs.
1332.8 lb) ADG (3.67 vs. 4.2 Ibid) and F:G (6.45 vs. 5.65), while no differences were detected in
DMI. Steers fed RAC had greater (P<.Ol) live weight gains at each weekly wei~ht (7-42 d) than
CON. Change in weight gain between RAC and CON was quadratic (P=.02; R = 0.97; y=0.0095x2 + 0.8338x + 0.5314) with 16.6 lb and 19.6 lb at 28 d and 42 d respectively. Feeding
RAC increased HCW (842.2 vs. 852.7Ib, P<O.Ol) by 10.5 lb but had no other effect on carcass
characteristics. Increasing DUR by 14 d increased final BW by 3.8% (1299.1 vs. 1348.4lb,
P<O.Ol), while ADG numerically decreased by 4.2% (4.03 vs. 3.85 Ibid, P=0.07). Feeding steers
14 d beyond their projected finishing date increased DMI 3.1 % (23.23 vs. 23.96 lb, P=0.02)
resulting in a reduction in feed conversion of 6.9% (F:G, 5.85 vs. 6.29, P<O.Ol). Increasing DUR
by 14 d resulted in greater HCW by 4.3% (829.4 vs. 865.3 lb, P<.Ol), dressing percent (63.90 vs.
64.20, P<.05), REA, KPH and 1th rib fat thickness (P<O.Ol), but did not result in greater
marbling scores (514 vs. 519, P=0.54). Feeding steers 200 mg/hd daily ofRAC in the last 28 d or
42 d of the finishing period increases weight gain and weight gain efficiency. Additionally,
feeding steers 14 d past their projected finishing date increases total weight gain and fat
deposition. However, the efficiency and value of the weight gain must be closely monitored.
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Evaluation of Calf- and Yearling-Finishing Systems and Effects of Sorting and Optaflexx®
on Yearling Feedlot Performance and Economics
W.A. Griffin, T.J. Klopfenstein, G.E. Erickson, K.J. VanderPol, D.M. Feuz,
J.C. MacDonald and M.A. Greenquist
University of Nebraska, Lincoln
Two separate studies were conducted. The first study compared calf-feds (CALF) to long
yearlings (YRLG). In the second study, a 2x2 factorial design was conducted to: I) determine
effects of sorting YRLG at feedlot entry and 2) determine effects of feeding 200 mg/hd of
Optaflexx (OPT) daily during the last 28 d on YRLG performance and profit. Profit was
calculated using 7-yr average prices. Data from 8 yr were used to compare YRLG and CALF
and a 2-yr study was conducted to determine impacts of sorting and feeding OPT to YRLG.
Calves were spring born and fall weaned. During receiving, cattle were sorted by weight with
heavy calves placed into a feedlot and fed as calf-feds for 168 d. Lighter calves entered a
yearling program consisting of a corn stalk grazing period (supplemented wet corn gluten feed at
5 lbs DMlhd daily) followed by summer grazing. Yearlings entered the feedlot and were fed an
average of90 d. Due to the difference in BW at receiving, CALF had a higher initial cost
(P<O.OI) despite use of a price slide. When comparing BW at the beginning of the finishing
period, YRLG were 315 lbs heavier (P<O.OI) than CALF by design. Daily gain was 0.721bs
higher during the finishing period for YRLG (P<O.OI); however, CALF was 16.7% more
efficient (P<O.OI) than YRLG. Final BW was 83 lbs heavier (P<O.OI) for YRLG relative to
CALF, due to a 52 lbs (P<O.OI) heavier HCW. Marbling score (MS) was not affected (P>0.10)
by system; CALF had 0.06 in. greater fat thickness (FT; (P<O.Ol). Differences in YRLG and
CALF led to a higher breakeven (BE) for CALF ($69.38 vs. $72.26; P=0.04) even though cost of
gain (COG) was not different (P=0.78). To determine effects of sorting (SORT), steers were
sorted into groups of32% heavy (468 kg), 44% medium (432 kg), and 24% light (399 kg) and
were fed 97, 118, and 132 d, respectively, compared to unsorted controls (436 kg; CONT) fed
III d. There were no SORT*OPT interactions (P>O.IO) and feeding OPT had no effect on steer
live or carcass performance (P>O.I 0) for these YRLG steers. Daily gain, DMI, and feed
efficiency were not different comparing SORT to CaNT (P>O.I 0). SORT was fed 3 d longer
than CONT (P<O.OI) and tended to increase final BW (P=0.15) and HCW (P=0.14). SORT was
not different in USDA Yield Grade (YG), MS, and % choice (P>O.I 0) compared to CONT.
SORT increased LM area (P<O.OI), FT (P=0.04), and YG 4 carcasses (P=0.02) compared to
CONT. No difference (P=0.75) was observed in % heavy carcasses (> 950 lbs) between SORT
and CaNT. SORT had higher interest cost (P=0.03), higher yardage cost (P<O.Ol), and
increased feed cost (P<O.OI), due to increased days fed. There was no difference in BE (P=0.34)
or COG (P=0.64) and no difference in profit for SORT vs. CaNT (P=0.73). Feeding OPT to
YRLG caused an increase in interest cost (P<O.OI), and an increase in COG (P=O.OI), but there
was no difference in BE (P=0.08) or profit (P=0.07). YRLG was more profitable than CALF
due to the increased weight without any affect on carcass quality. However, sorting yearlings
and feeding OPT had no effect on YRLG performance or profit.
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Use of Soybean Hulls as a Complementary Feedstuff to Winter Rye Pasture and
Subsequent Finishing Performance of Cattle
K. E. Halesl, E. M. Whitley2, G. W. Hornl, and M. D. Childs2
I Oklahoma Agricultural Experiment Station Stillwater; 2The Samuel Roberts Noble Foundation,
Ardmore
This experiment was conducted near Burneyville, Oklahoma during the winter of 2004-2005 to
determine the effect of different production programs on cattle performance while grazing winter
pasture. Three hundred forty-one crossbred steers (initial BW=212 ± 5 kg) and fifteen clean
tilled rye pastures were used in a completely randomized design with 3 replicates per treatment.
Steers were randomly assigned to five treatments as follows: (1) conventional; steers grazed rye
pasture (2.7steers/ha); 2, 3, 4; steers grazed rye pasture at stocking rates of 4.7,6.2, and 7.4
steers/ha, respectively, and had ad libitum access to soybean hulls; (5) optimum; steers grazed
rye pasture at stocking rates to result in forage mass of 840kg/ha. Conventional, optimum, and
treatment 4 were allowed access to rye hay when forage availability was inadequate. Data were
analyzed using least squares means (PROC MIXED, SAS Institute, Cary, NC). Pre-planned
contrasts were: (1) a direct comparison of conventional vs optimum, (2) the average of2, 3, and
4, vs conventional, (3) the linear and quadratic effects of stocking rate for 2,3, and 4. Mean
daily soybean hull intake (as-fed basis) across treatments ranged from 5.2 to 6.2 kg/steer·
(SEM=0.20), and intake of soybean hulls increased linearly (P<O.O1) as stocking rate increased
and forage availability decreased. Hay intake increased quadratically (P<O.Ol) as a result of
increased stocking rate. Average daily gains and gain/steer were not different (P=0.76), whereas
gain/ha increased in a linear manner (P<O.Ol) as stocking rate increased. Additionally, there was
a difference (P<O.Ol) in the average of the 2, 3, 4 and conventional, with conventional being less
gain/ha. Cost of gain ($/kg) and supplement cost ($/ha) increased linearly (P <0.05) as stocking
rate increased, and the average of2, 3, and 4, was greater (P<O.Ol) than conventional. Return to
land, labor, and management ($/steer) decreased linearly as stocking rate increased, and
conventional was greater (P=0.003) than 2,3, and 4. Furthermore, return to land, labor, and
management ($/ha) was greater (P<O.Ol) for 2,3, and 4, than conventional. Cattle entered the
feedlot phase at a weight of 362 kg (SEM=7.l9) and a common backfat of 1.30 cm
(SEM=0.135). The cattle were fed an average of 132 days with no differences in feedlot growth,
cost of gain, or carcass characteristics. In conclusion, providing free choice soybean hulls
allowed stocking rate to be markedly increased without decreasing cattle performance. There
was a pronounced advantage in returns $/ha to land, labor, and management by using
supplemental soybean hulls to increase initial stocking rate on winter rye pasture. Feedlot
performance and carcass characteristics were similar irrespective of type of production program
on rye pasture.
Effects of Optaflexx™ and Revalor®-200 on Feedlot Performance and Carcass
Characteristics of Cull Cows
K.W. Harborth, S. Hutchison, G.L. Parsons, T.T. Marston, J.A. Unruh, B.J. Johnson,
and L.C. Hollis
Kansas State University, Manhattan
Growth implants have shown to be beneficial in all facets of the cattle feeding industry, by
increasing lean tissue accretion and average daily gain. More recently Ractopamine HCL
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(Optaflexx™) has been shown to increase lean tissues accretion, average daily gain, and feed
efficiency in feedlot steers and heifers. While Optaflexx is cleared to be fed to all classes of
confinement fed cattle, there is no published work that evaluates the use of Optaflexx and its
interaction with implants in cull cows. Thirty-two open crossbred cows were used in a 2X2
factorial experiment to determine the effects of Optaflexx (300 mg) and steroid implants
(Revalor 200, Intervet) on feedlot performance and carcass composition. Cows were
individually fed an ad libitum 86% concentrate diet (Crude protein=14.63%, NEro= 0.96
Mcal/lb, NEg = 0.66 Mcal/lb)) for sixty days. Cows were blocked by weight and randomly
assigned to one of four serial slaughter groups. Within slaughter groups cows were assigned to
one of four treatments. The treatments were: 1) Control (No Optaflexx; No Implant), 2) Implant
(implanted with Revalor-200 on Day 0), 3) Optaflexx (300mg/animal/day during final 28 days of
the trial), 4) Implant (implanted with Revalor-200 on Day 0) and Optaflexx (300mg/animal/day
during final 28 days of the trial). One cow died due to complications caused by a respiratory
disease. Cows were weighed two consecutive days for the initial, interim, and final body
weights. Initial ultrasound measurements of ribeye area, fat thickness, and marbling scores were
obtained by an experienced ultrasound technician and used as covariates in the statistical
analysis. Carcass data was collected 48 hours postmortem. The results of this study show that
implanted cows had higher dressing percentages (P = 0.02), this can be correlated to the trend in
hot carcass weight as implanted cows exhibited heavier carcass weights (P = 0.09). Implant and
Optaflexx treatments tended to be fatter than controls. Optaflexx fed cows had more marbling
than controls. The results of this study showed that implanting cull cows with Revalor-200
and/or feeding Optaflexx at 300 mg'animal'day during last 28 days on feed) had minimal effects
on performance and carcass characteristics of cull cows fed a high concentrate diet for 60 days.
Optimizing the Length of Feeding a High Distillers Dried Grains with Solubles-Soy Hull
Diet to Feedlot Cattle
l.W. Homml, L.L. Bergerl, L. Forster2, and T.G. Nashl
I University of Illinois; 2Archer Daniels Midland Company
The rapid expansion of ethanol production has resulted in an abundance of co-products available
to cattle feeders. Combining distillers dried grains with solubles (DDGS) and soy hulls (SH)
offers several nutritional advantages. Two-hundred forty steers were used to determine the
optimum length of feeding a diet containing 40% DDGS and 35% SH (DMB) to feedlot cattle.
Treatments consisted of feeding the DDGS-SH diet for 56,84, 112, 140, and 196 d before being
switched to a com-based finishing diet. All cattle were harvested after 196 d and serial
ultrasound measurements were taken every 28 d. Data were analyzed for linear and quadratic
effects and orthogonal polynomial contrast of 56 vs. 196 d were analyzed. Adjusted final weight
and ADG increased linearly (P < 0.01) and feed efficiency (G:F) decreased linearly as length of
time on the DDGS-SH diet increased. Dry matter intake increased linearly as d on the DDGSSH diet increased. Adjusted final weight tended (P = 0.09) to be greater and ADG was greater (P
= 0.01) for 196 d steers than 56 d steers. However feed efficiency was poorer (P < 0.01) for 196
d steers than 56 d steers. Dry matter intakes were greater (P < 0.01) for 196 d steers than 56 d
steers. Liver scores and hot carcass weights increased linearly (P = 0.04) as d on the DDGS-SH
diet increased. Carcass marbling score exhibited a quadratic (P = 0.04) effect with steers fed 112
d on the DDGS-SH diet having the highest marbling score. At 168 d, there was a linear (P <
0.05) increase in backfat with increasing d on the DDGS-SH diet. At 140 and 168 d, 56 d steers
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had less (P < 0.05) backfat than 196 d steers. Ultrasonic marbling exhibited a quadratic (P <
0.05) effect at 56, 84, 112, and 168 d, with the 112 d steers having the highest marbling scores.
Cost of gain was not significantly different. These data indicate that the use of a DDGS-SH diet
can achieve comparable performance and carcass characteristics to cattle fed a typical corn
finishing diet.
Phosphorus Balance in Commercial Feedlots and Cost of Distribution
W.F. Kissinger, R.E. Massey, R.K. Koelsch, and G.E. Erickson
University of Nebraska, Lincoln; University of Missouri, Columbia
Phosphorus (P) balance was assessed in six commercial feedlots in eastern Nebraska (3
pens/feedlot; 6,366 cattle) for an annual cycle to determine P excretion relationship to manure P,
manure and manure P amount, as well as cost of distributing P appropriately. Nutrient balance
included DMI, and P intake, excretion, and manure P. An economic model was developed to
evaluate cost and value of manure distribution with different dietary P, feedlot size, crops,
application time, land availability, and equipment. For the economic modeling, feedlots ranging
in size from 2,500 head to 25,000 head one-time capacities were used as case studies to calculate
excretion amounts from cattle fed diets with a range of phosphorus. Diet P and cost of
distributing manure were analyzed as well as land needed. P intake and manure P averaged 40.2
(CV=20%) and 30.1 (CV=49%) g/animal/d, respectively, which were correlated (FO.56;
P<O.Ol). Manure DM and OM hauled in manure was 5.3 (CV=83%) and 1.5 (CV=45%)
kg/animal/d, respectively, for the average 123 d feeding period. For the economic comparisons,
50% of the land was assumed to be available surrounding the feedlot and an application for a 4year cycle. If dietary Pis 0.49% of diet DM, then distribution costs are $0.90, $1.20, and $2.75
greater for a 2,500, 10,000, and 25,000 head feedlot, respectively, compared to dietary P of
0.29%. However, in each case, manure nutrient value offset the increased cost, assuming land
availability. Area required for manure distribution increased from 1,320 to 2,500 acre and
13,200 to 25,000 acre when dietary P increased from 0.29 to 0.49% dietary P for a 2,500 and
25,000 head feedlot, respectively. These results suggest that dietary P directly impacts manure P
in commercial feedlots with approximately 90% recovery, which is quite variable. As dietary P
increases, distribution costs increase depending on size of feedlot and land availability.
Meta Analysis of Feed Efficiency and Carcass Composition Traits in
Growing and Finishing Cattle
P.A. Lancaster!, G.E. Carstens!, L.O. Tedeschi!, E.G. Brown2 and B.M. Bourg!
I Texas Agricultural Experiment Station, College Station; 2Stephen F Austin University,
Nacogdoches
The objectives of this study were to characterize feed efficiency traits and examine correlations
with performance and carcass composition traits in growing and finishing calves. Feed intake,
performance and carcass data from four growing (N = 514) and four finishing (N = 321) studies
were subjected to meta analysis. The growing studies (G) included steers and heifers (initial BW
= 274.1 ± 33.6 kg) fed roughage-based diets (ME = 2.06 to 2.14 Mcal/kg), whereas, the finishing
studies (F) included steers (initial BW = 357.2 ± 77.7 kg) fed grain-based diets (ME = 2.73 to
2.99 Mcal/kg). Ultrasound and carcass cooler data collected at slaughter were used to assess
carcass composition in G and F studies, respectively. Three feed efficiency traits were
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compared: 1) feed conversion ratio (FCR) or DMI:ADG ratio, 2) partial efficiency of growth
(PEG) as ratio of ADG to feed for growth (DMI - feed for maintenance) and 3) residual feed
intake (RFI) as actual DMI minus expected feed intake. Expected intake was calculated from a
regression model that included ADG and mid-test BW·75 as fixed effects and study as a random
effect, using PROC MIXED assuming VC var-(co)var matrix. The model r2 were 0.68 and 0.67
for G and F studies, respectively. In both G and F studies, FCR was strongly correlated with
ADG (-0.60 and -0.58) and initial BW (0.28 and 0040), but weakly correlated with DMI (0.12
and 0.25), demonstrating that favorable FCR phenotypes had substantially lighter initial BW and
higher ADG, and consumed slightly less feed. In contrast, RFI was strongly correlated with
DMI (0.65 and 0.67), but was not correlated with initial BW or ADG. All three feed efficiency
traits were weakly correlated with final BF in G studies and moderately correlated with final BF
in F studies, such that the favorable phenotypes were leaner. Calves with low RFI « 0.50 SD; N
= 155) had 18% lower (P < 0.01) DMI and FCR than calves with high RFI (> 0.50 SD; N = 156)
in G studies and calves with low RFI (N = 93) had 20% lower (P < 0.01) DMI and FCR than
calves with high RFI (N = 87) in F studies, even though ADG and BW were similar in both G
and F studies. In addition, in F studies, calves with low RFI had 23 and 31% less manure
nitrogen and phosphorus using CNCPS model projections, and produced 21 % less C02
equivalents of methane, assuming similar methane emissions, than calves with high RFI.
Compared to the other feed efficiency traits examined, RFI was less affected by variation in rate
and composition of gain. In addition, selection for improved RFI would reduce the
environmental impact of cattle feeding operations.
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Effect of Barley Particle Size on Intake, Growth, and Gain Efficiency of Steers Fed
Growing Diets
D.M. Larson, M.L. Bauer, and G.P. Lardy
North Dakota State University, Fargo
A study was conducted to evaluate the effect of barley particle size on growth, intake, and gain
efficiency of steers fed growing diets. Previous research indicates that more extensive
processing of barley results in reduced DMI, increased ADG, and improved G:F ratio. One
hundred, forty-four crossbred steer calves (initial BW = 334 ± 16 kg) were blocked by initial
weight and assigned randomly to one of three treatments. Treatments consisted of barley
(42.6%, DM basis) reduced to 1708 (coarse rolled barley, CRB), 1395 (medium rolled barley,
MRB), or 1146 (fine rolled barley, FRB) /lm or approximately 61,50, and 41 % of whole barley
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(2800 ~m), respectively, fed in a total mixed ration. The ration DM also contained pressed wet
sugar-beet pulp (35%), chopped mixed hay (15%), concentrated separator by-product (5.0%),
and a supplement (2.4%). Diets were formulated to provide 12.5% CP, 27.5 mg/kg monensin,
and 11 mg/kg tylosin. Calves were fed for 61 d, body weight was measured approximately every
28 d, feed intake was recorded daily, and feed refusal was recorded weekly. Steers were
implanted on dO of the trial. Data were analyzed using the MIXED procedure ofSAS and mean
separation by LSD along with linear and quadratic contrasts (P:S 0.05). Body weight was
similar (P = 0.39) between treatments at d 0 (334 ± 16 kg), d 29 (384 ± 16 kg), and d 61 (430 ±
15 kg). Average daily gain (1.50 ± 0.03 kg/d) also did not differ (P = 0.19) among treatment
groups. Dry matter intake (9.20 ± 0.33 kg) was similar (P = 0.23) across treatments. Apparent
dietary NEm (1.83 ± 0.03) and NEg (1.19 ± 0.03) were similar (P = 0.74) among treatments.
Finally, G:F (0.163 ± 0.01) was not different (P = 0.92) among treatments. Although there were
no differences, calves consuming the FRB diet had a tendency to have greater DMI (P = 0.11)
and ADG (P = 0.07) in a linear fashion when compared to those consuming the CRB diet. We
concluded that under the conditions of this study, barley grain ground to 1146 ~m appears to
have equal feeding value to barley grain rolled to 1708 and 1395 ~m in a growing ration.
Effect of Corn Density on Finishing Steer Intake, Performance, and Carcass
Characteristics
D.M. Larson, R.W. Duvall, M.L. Bauer, and G.P. Lardy
North Dakota State University, Fargo
A trial was conducted to evaluate the effect of corn density on intake, performance, and carcass
characteristics of finishing steers. One-hundred, forty-four crossbred steers were blocked by
initial body weight (447 ± 20 kg) and assigned to one ofthree dietary treatments. Treatments
included heavy-test weight com (69.2 kg/L; 53.7 lb/bushel; HTC), medium-test weight com
(60.4 kg/L; 46.9Ib/bushel; MTC), or light-test weight corn (50.4 kg/L; 39.1Ib/bushel; LTC).
Body weight was measured every 28 d, feed intake recorded daily, and feed refusal was recorded
weekly. Diet DM was composed of dry-rolled corn (81 %), beet pulp (5%), mixed hay (5%),
concentrated separator byproduct (5%), and a supplement that provided 27.5 mg/kg monensin
and 11 mg/kg tylosin (4%). Calves were implanted with Revalor Son d 0 and slaughtered on d
66 or 82. Data were analyzed with the MIXED model of SAS and mean separation by LSD (P :s
0.05). There was no effect of treatment on final weight (611 ± 12 kg; P = 0.77), or ADG (2.15 ±
0.05 kg; P = 0.98). There was a tendency (P = 0.09) for calves consuming the LTC diet to have
greater DM intake (12.4 ± 0.34 kg) compared to those consuming the HTC diet (11.5 ± 0.29 kg).
However, there was no effect of treatment on G:F (0.18 ± 0.01; P = 0.11). Apparent dietary NEm
(2.19 ± 0.05) and NEg (1.51 ± 0.05) were similar (P = 0.12) among treatments. At slaughter,
HCW (366.7 ± 7.1 kg; P = 0.77) and marbling score (407 ± 17; P = 0.20) did not differ between
2
treatments. Steers fed LTC tended (P = 0.09) to have a smaller LM area (82.2 ± 1.7 cm )
compared to HTC (86.8 ± 1.4 cm2) and MTC (87.0 ± 1.1 cm2) calves. There were no effects of
treatment on lih rib fat (1.14 ± 0.07 cm; P = 0.52) or KPH (1.96 ± 0.13%; P = 0.29). Calves fed
LTC tended to have greater (P = 0.08) yield grades compared to HTC or MTC (3.04, 2.73, and
2.80 ± 0.14, respectively). We conclude that, although those calves consuming the LTC diet had
greater DMI, LTC is a suitable substitute for HTC.
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Effects of Feeding Wet Corn Gluten Feed or Wet Distillers Grains During Grain
Adaptation and the Effect of Increasing Level of Wet Distillers Grains in Diets Containing
Wet Corn Gluten Feed for Finishing CattleP.L. Loza, M.K. Luebbe, KJ. Vander Pol, G.E.
Erickson, R.A. Stock, and T.J. KlopfensteinUniversity o/Nebraska, Lincoln; Cargill Wet
Milling, Blair, NE
The effect of feeding either wet distillers grains plus solubles (WDGS; Abengoa Bioenergy,
York, NE) or wet com gluten feed (WCGF, Sweet Bran, Cargill, Blair, NE) on rumen pH and
DMI was evaluated in a metabolism experiment (Exp. 1). In a separate finishing experiment
(Exp. 2), levels of WDGS were evaluated in diets containing 30% WCGF to evaluate
combinations of the two bypro ducts on cattle performance. In Exp. ·1, 9 ruminally fistulated
steers were assigned randomly to one of three treatments. Treatments consisted of adaptation
strategies that included either 30% WDGS or WCGF, and a treatment that did not include
byproducts. In all treatments, DRC replaced alfalfa hay in four sequential steps for seven d on
each adaptation diet. Animals were kept in stalls for continuous pH measurement (average by
minute) during the first three days and the last day of each 7-d step. Continuous intake
measurements (average by minute for each d) were recorded during the entire trial. In Exp.2,
504 crossbred yearling steers (827 ± 36 lbs BW) were stratified by initial BW and allotted to 21
pens across three blocks (total of 63 pens with 8 steers per pen, and 9 replications per treatment).
Pens were assigned randomly to one of the 7 treatments within block and fed for 116 d.
Treatments consisted of a control diet with no byproducts, and six diets all containing 30%
WCGF and added levels ofWDGS (0,10,15,20,25,30%;
DM basis). In Exp.1, there were no
significant differences (P>0.05) in daily average, maximum and minimum pH due to treatment.
Time eating and total DMI were not affected (P>0.05) by treatment. Although no significant
(P<0.05) differences were observed in variances of any pH measurements, the inclusion of 30%
WCGF in adaptation diets significantly (P = 0.02) reduced the DMI variance. The results ofExp
2 indicate that the inclusion of 30% WCGF increased ADG (P<O.O1) and G:F (P = 0.02) by 4.9%
when compared to the control diet. A trend for quadratic responses to the WDGS level was
observed for DMI (P = 0.11), and ADG (P = 0.06). No differences were observed for G:F
(0.150,0.148,0.150,0.151,0.149,
and 0.147 for 0, 10, 15,20,25, and 30%, respectively) when
WDGS was added to WCGF. Because ADG and DMI were maximized with 15 to 20% WDGS
added to the 30% WCGF diets and no change in G:F, we conclude that 45 to 50% byproduct is
optimum when feeding a combination of WCGF and WDGS. It also appears that feeding WCGF
is more advantageous in maintaining a steady intake in steers adapting to finishing diets and
WDGS was not different than corn in terms of rumen pH, DMI, or variance of these measures.
Replacement

of Corn Silage with Brown Midrib Forage Sorghum Silage in
Finishing Diets for Feedlot Cattle
K.C. McCuistion!,2, F.T. McCollum2, L.W. Greene3, B. Hough3, G. Graham3, and B. Bean2,3
I West Texas A&M University, Canyon; 2Texas Cooperative Extension, Amarillo; 3Texas
Agricultural Experiment Station, Bushland
Silages from two consecutive crop years were used in two feeding trials with crossbred yearling
heifers and steers to compare feedlot and carcass performance when fed a finishing ration
containing 10% com silage, 10% brown midrib forage sorghum (BMR) silage, or 7.5% BMR
silage on a dry matter basis. Treatments were selected to compare com silage and BMR silage at
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(1) the same level of inclusion on a dry matter basis and (2) the same level of neutral detergent
fiber contribution to the diet. Heifers (n = 126; 316 ± 37 kg) and steers (n = 147; 354 ± 31 kg)
were blocked by weight and randomly assigned to one of the dietary treatments (six
pens/treatment). Carcass data were obtained at harvest. Feedlot performance and carcass data
were pooled across years. There were no trial x treatment interactions for feedlot performance
(P < 0.19) or carcass characteristics (P < 0.22). There was no difference among treatments for
daily feed intake (P = 0.41) or weight gain (P = 0.65). Likewise, no differences were detected in
external fat (P = 0.83), rib-eye area (P = 0.63), yield grade (P = 0.65), or marbling score (P =
0.36). Results indicate that this variety of BMR silage is an acceptable substitute for com silage
as a roughage source in finishing diets.
Effect of Optaflexx® and Days on Feed on Feedlot Performance, Carcass Characteristics,
and Muscle Gene Expression in Calf-Fed Steers
G.L. Parsons I , S.J. Winterholler1, C.D. Reinhardtl, J.P. Hutcheson2, D.A. Yates2, W.T. Nichols2
and RJ. Johnsonl
I Kansas State University, Manhattan; 2Intervet Inc., Millsboro, DE
Two-thousand sixty calf-fed steers (454Ibs) were used to determine the effects ofOptaflexx and
days on feed on finishing performance and carcass characteristics. Treatment consisted of serial
harvest dates 181, 202, or 223 d. Within each harvest group, steers received either (200 mg/hd
daily of ractopamine-HC 1) for the final 28 days, or a control diet consisting of no Optaflexx. All
steers were implanted with Revalor-IS (80 mg trenbolone acetate 16 mg estradiol) at processing
(d 0), and Revalor-S (120 mg trenbolone acetate and 24 mg estradiol) at 75 DOF. At harvest,
samples were taken from the inside round for analysis ofIGF-I and the ~-adrenergic receptors
(AR) mRNA abundance. Optaflexx increased ADG, feed efficiency, ribeye area, hot carcass
weights, and percentage yield grade 1 carcasses (P:S 0.05). Also, Optaflexx decreased marbling
score and choice quality grade (P:S 0.05). As DOF increased, ADG, feed efficiency, and number
of yield grade 1 and 2 carcasses decreased. An Optaflexx by DOF interaction in groups with
DOF of 181 and 223 occurred in which Optaflexx did not improve feed efficiency, but did
improve feed efficiency in 202 DOF cattle (P=0.03). With advancing DOF, hot carcass weight,
yield grade, and marbling scores increased (P:S0.05). Days on feed did not increase abundance
of~l, ~2, ~3- AR mRNA, but numerically increased the abundance ofIGF-I levels (P:S0.21).
Addition ofOptaflexx had no effect on expression ofIGF-I and ~-adrenergic receptors (~AR).
The data obtained from these calf-fed steers contradict results obtained from older yearling steers
in which with advancing DOF increased expression of ~2-AR mRNA. Increased understanding
of receptor abundance related to DOF and age may explain some response differences in calffeds vs. yearlings.
Effects of Grain Processing Methods on Feedlot Performance and Carcass Characteristics
of Finishing Beef Steers
C.H. Ponce, M.S. Brown, C.E. Smith, Sr., and L.D. Mitchell
West Texas A&M University, Canyon; Texas Agricultural Experiment Station, Amarillo
One hundred sixty two crossbred yearling steers were used to evaluate the effects of grain
processing methods on feedlot performance and carcass characteristics. Steers were processed
on arrival and adapted to a 91 % concentrate diet before the study began. Steers were weighed on
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consecutive days after adaptation to determine initial weight, blocked by body weight, and
assigned randomly to treatments. Treatments included 91% concentrate diets containing corn
that was steam flaked (SFC), dry rolled (DRC) or dry rolled and incubated with a urea solution
(40% w/w) and amylase enzyme (from Aspergillus niger) for 18 hours before incorporation into
the diet (DRT). Com was tempered to approximately 19% moisture for at least 18 hours before
steaming and flaking to 27 lblbu. Dry-rolled com was processed to bulk density of 42 lblbu
using the same set of rolls as used to prepare steam-flaked com. Steers were housed in 18 soilsurfaced pens (9 steers/pen) and fed for an average of 103 days. Enzymatic starch availability of
composite grain samples was 58.8, 34.1, and 38.4% of total starch for SFC, DRC, and DRT,
respectively. Dry matter intake was lower for steers fed SFC (P < 0.01) than for steers fed either
DRC or DRT (22.9, 24.3, and 24.7 ± 0.30 lb/day, respectively), and carcass-adjusted ADO
tended to be lower for steers fed DRC than for those fed DRT (P < 0.15; 4.43, 4.26, and 4.47 ±
0.10 lb/day, respectively). Thus, carcass-adjusted feed efficiency was improved 3% for steers
fed DRT (P < 0.10) and improved an additional 6% for steers fed SFC (P < 0.02) compared to
steers fed DRC. Hot carcass weight, Longissimus muscle area, ribfat thickness, marbling score,
and yield grade were not influenced by treatment (P > 0.10). Although more carcasses from
steers that received DRT graded average and high Choice (Chi-square, P < 0.10) and more were
classified as yield grade 3 (P < 0.10) than for steers fed SFC, the number of carcasses grading at
least low Choice was not influenced by treatment (P > 0.10). Feed efficiency by feedlot cattle
was modestly improved by treating dry-rolled corn with urea and amylase, but the magnitude of
improvement was less than that achieved from processing com by steam flaking.
Effects of Optaflexx® Dosage and Duration of Feeding in Non-Implanted Beef Heifers
M.J. Quinn, J.S. Drouillard, C.D. Reinhardt, A.S. Webb, J.M. Pozuelo, M.L. May, C.E. Walker,
and S.J. Winterholler
Kansas State University, Manhattan
Effects of dose and duration ofractopamine-HCI (RAC) administration were examined in nonimplanted beef heifers (n=281, 993±3 lbs). A control diet (CON; no ractopamine) was compared
to diets providing 200 mg RAC per animal daily for periods of 28 or 42 d (200x28 and 200x42,
respectively); 300 mgld for 28 d (300x28); and a step-up regimen consisting of 14 d at 100 mg,
followed by 14 d at 200 mg, and the final 14 d at 300 mg (Step-up). Heifers were fed diets of
83% steam-flaked com, 7% alfalfa hay, 5% corn steep liquor, and 5% supplement. Diets
contained 13% CP, and provided 90 mg tylosin and 300 mg monensin per animal daily. For
calculation of carcass gain and gain efficiency, initial (42 d before harvest) and final (at harvest)
dressed yields were assumed to be 62% and 64%, respectively, for all treatments. Performance
measurements that appear in the table below reflect averages for the final 42 d on feed.
Item
Carcass gain, Ibid
DMI, Ibid
Carcass efficiency
Marbling score
Yield grade
% USDA Choice

CON
1.28a
18.0a
0.071 a
4.38
2.1
61

200x28
1.47ab
18.0a
0.083ab
4.31
2.1
71

300x28
1.50ab
16.9b
0.089ab
4.11
2.2
55

200x42
1.69b
18.0a
0.095b
4.27
2.3
62

Step-up
1.65b
17.4ab
0.096b
4.08
2.4
59

SEM
0.13
0.27
0.008
0.13
0.10
7.2

Means with different superscripts differ (P<O.05). Marbling scores are slight=3.00 to 3.99, small=4.00 to
4.99, modest=5.00 to 5.99.
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Feeding RAC increased carcass gain and carcass gain efficiency compared to CON for 200x42
and Step-up. Administration of RAC had no effect on marbling score, yield grade, REA, KPH,
or percentages of carcasses grading USDA Choice (P>O.10). Feeding ractoparnine-HCI to nonimplanted finishing heifers generally increased carcass gain and gain efficiency with minimal
impact on carcass characteristics. These effects were most pronounced in heifers fed
ractopamine for 42 d.
Influence of Pressed Beet Pulp and Concentrated Separator Byproduct on Intake, Gain,
Feed Efficiency, and Carcass Composition of Growing and Finishing Beef Steers
J.J. Reed, M.L. Bauer, D.E. Schimek, J.S. Caton, P.T. Berg, and G.P. Lardy
North Dakota State University, Fargo
The objectives of this experiment were to determine a NEg value for pressed beet pulp and the
value of concentrated separator byproduct (de-sugared molasses) as a ruminal N source in
growing and finishing diets for beef cattle. One hundred forty-four crossbred beef steers (282 ±
23 kg initial BW) were used in two experim.ents (growing and finishing). A randomized
complete block design was used with a 3 x 2 factorial arrangement (pressed beet pulp and
concentrated separator byproduct) of treatments for both studies. Steers were blocked by BW
and allotted randomly to one of six treatments. The growing study control diet contained 49.5%
corn, 31.5% corn silage, 10.0% alfalfa hay, and 9.0% supplement (DM basis). Pressed beet pulp
replaced corn at 0, 20, or 40% of diet DM and concentrated separator byproduct replaced corn
and urea at 10% of diet DM. The growing study lasted 84 d. Growing study initial and final BW
were an average of 2-d BW following a 3-d restricted feeding period (1.75% ofBW). Following
the growing study, steers were weighed (415 ± 32 kg), re-randomized, and allotted to one of six
finishing diets. The finishing study control diet included 45% corn, 40% high moisture com, 5%
brome hay, 5% pressed beet pulp, and 5% supplement. Pressed beet pulp replaced high moisture
corn at 5.0, 12.5, and 20.0% of diet DM and concentrated separator byproduct replaced high
moisture corn and supplement at 10.0% of diet DM. Steers were slaughtered on d 83 or 98 of the
study. In the growing study, addition of pressed beet pulp to growing diets linearly decreased (P
= 0.001) DMI and ADG and inclusion of 10% concentrated separator byproduct decreased (P =
0.001) G:F. Increased levels of pressed beet pulp in finishing diets caused a linear decrease (P =
0.001) in ADG and tended (P = 0.06 and 0.07 for kgld and % ofBW, respectively) to
quadratically decrease DMI. Whereas, addition of concentrated separator byproduct increased
(P = 0.02 and 0.001 for kg/d and % ofBW, respectively) DMI. Hot carcass weight decreased (P
= 0.001) linearly with increasing levels of pressed beet pulp. Apparent NEg of pressed beet pulp
was 94.2% that of corn in the growing phase and 81.5% that of corn in the finishing phase.
Efficacy of Growth-Based Predictions of Carcass Fat Thickness and Marbling at Harvest
Using Ultrasound Measurements
R.D. Rhoades, J.E. Sawyer, A.D. Herring, D.T. Dean, D.K. Lunt and D.G. Riley
Texas A&M University, College Station; USDA-ARS Subtropical Agriculture Research Station,
Brooksville, FL
Equations derived from published relationships between carcass traits and growth were used to
generate growth-based predictions of adjusted fat thickness (FAT) and marbling score (MAR) at
slaughter from ultrasound measurements. Central Florida calves sired by Mashona bulls x
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females from a three-breed diallele mating system (Angus, Brahman, and Romosinuano), were
weaned (mean age = 74 d) for 40 d, and transported to central Texas for growing and finishing.
Calves were stratified by breed type and gender and placed in confinement (FL) or on pasture
(PT) for an average of 141 d during a growing phase, finished on a common diet, then harvested
after approximately 300 (Grpl), 345 (Grp2), or 405 (Grp3) d on feed. Ultrasound FAT and
MAR measurements were collected twice. Initial ultrasound FAT and MAR (US 1) were
collected 158,207, and 264 d, and a second (US2) 74, 123, and 180 d prior to harvest for Grpl,
2, and 3, respectively. Carcass FAT and MAR were predicted as functions of carcass weight
gain estimated from live weights. Projections were compared to carcass values (48 h chill).
Percentage differences (projected vs. actual) were analyzed as responses indicative of projection
accuracy with harvest group, breed, gender, treatment, and 2-way interactions between harvest
group, gender, and treatment as effects in the model. Timing of scan relative to slaughter
influenced accuracy (P<0.05). Accuracy for MAR was within 8% of actual values for scans
taken within 123 d of slaughter, but decreased for more distant scans. Accuracy for FAT was
within 10.1% at either 158 or 180 d prior to slaughter but ranged from -88% to 35% during other
spans. Breed type affected projection accuracy of MAR from both ultrasound sessions (P=0.04).
Accuracy was greater when scan data from US2 were used for projection; relative separation
among breeds was similar for US 1 and US2. Accuracy from US2 was within 6% for calves with
Angus influence, but over 20% for non-Angus, Brahman influenced calves. Gender influenced
projection accuracy of MAR from USI (steers 43.9% vs. heifers 16.4%; P>O.OI) or US2 (steers
21.9%, heifers 0.5%; P>O.O1). Gender impacted accuracy of FAT (steer 32.5% vs. ·heifer 11.8%;
P>O.OI). Treatment only influenced FAT accuracy based on USI (P>O.OI), underestimating PS
cattle by 58.4%. Treatment did not affect FAT accuracy from US2, nor MAR accuracy from
either session. Results suggest accuracy of FAT and MAR predictions from growth-based
equations is influenced by weight gain between ultrasound and endpoint, although scans out to
120 d pre-harvest may be accurate. Known sources of variation in accuracy could be used to
scale predictions based on breed and gender to improve accuracy, and thus a growth-based,
rather than time based, prediction system might be generated.
Evaluation of Feed Efficiency Traits and their Relationships with Carcass Ultrasound and
Feeding Behavior Traits in Brahman Heifers
F.R.B. Ribeiro), G.E. Carstens), P.A. Lancaster), L.a. Tedeschi), and M.H.M.R. Femandes2
ITexas A&M University, College Station; 2Universidade Estadual Paulista-FCAV, Jaboticabal,
Brazil
Objectives of this study were to characterize feed efficiency traits and examine phenotypic
correlations with performance, carcass composition ultrasound measures, and feeding behavior
traits in growing Brahman heifers. Individual feed intake were measured in Brahman heifers
(Kallion Farms) fed a silage-based diet (ME = 2.78 Mcal/kg). Average (± SD) initial ages and
initial BW were 318 ± 25 d and 261.5 ± 37.7 kg for test 1 (N = 70) and 244 ± 26 d and 225.7 ±
35.9 kg for test 2 (N =62). Body weight were measured at 14-d intervals, and daily DMI and
feeding behavior traits recorded for 70 d using a GrowSafe ™ feeding system. Ultrasound 12 to
13th rib fat thickness (UBF), ribeye area (UREA) and percentage intramuscular fat (UIMF) were
measured on days 0 and 70 of each test. Residual feed intake (RFI) was computed as the
residuals from the linear regression ofDMI on mid-test BWO.75 (MBW) and ADG, with test
included as a fixed effect (R2 = 0.52). Overall mean (± SD) ADG, DMI and RFI were 0.96 ±
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0.15,8.39 ± 1.51, and 0.0 ± 1.05 kg/d, respectively. Residual feed intake was correlated with
DMI (0.69), feed conversion ratio (FCR; 0.66) but not ADG or MBW. Heifers with low RFI «
0.5 SD; n = 37) consumed 25% less DMI and had 26% lower FCR than heifers with high RFI (>
0.5 SD; n = 44). Final UBF was not correlated with RFI, but was correlated (P < 0.01) with FCR
(0.23). Initial age and BW were correlated with FCR (0.30,0.40, respectively), but not with RFI,
suggesting that younger and (or) lighter heifers at start of test had lower FCR, but similar RFI
compared to older and (or) heavier heifers. Overall mean (±SD) for feeding duration, meal
frequency and eating rate were 162.2 ± 23.9 minJd, 5.7 ± 0.9 mealsld and 52.1 ± 10.5 glmin,
respectively. Feeding duration was correlated (P < 0.05) with DMI (0.35), ADG (0.23) and RFI
(0.32), but not with FCR. Meal frequency was not correlated with either of the feed efficiency
traits, but was correlated (P < 0.05) to DMI (0.18). Eating rate was correlated (P < 0.05) with
DMI (0.65), ADG (0.21), FCR (0.44) and RFI (0.37). Heifers with low RFI spent less time (P <
0.05) at the feed bunk (155 vs. 174 ± 4 minJd) and consumed DMI at a slower rate (P < 0.05;
46.5 vs. 54.6 ± 1.6 g/min), but had similar meal frequencies compared to high RFI heifers.
Results from this study demonstrate that RFI was less influenced by rate and composition of
growth, and initial age and BW of heifers compared to FCR.
Effectiveness and Practical Methodology of an Edible Cover for Bunker Silos
J.R. Sewell, N.A. Pyatt, and L.L. Berger*
University of fl!inois, Urbana
The objective of these two studies was the development of an edible covering for bunker silos,
and to find a practical application technique for the covering. The essential qualities sought in an
edible covering were 1) it must provide effective protection, 2) replace dietary nutrients, and 3)
be a palatable alternative to conventional plastic and tires. The original formulation of edible
covering required the final mix to be a consistency of bread dough, and application was achieved
by hand using a cement trowel. The new formulation eliminated the hand application of the
covering and most of the equipment since the consistency was more fluid, allowing it to be
pumped and sprayed onto the bunker silos. The edible covering was applied at a thickness of 1.5
cm and targeted 30.3% moisture. Six mini-bunker silos (2.14x7.32m) with a plastic lined
plywood walls and earthen floors were used. Approximately 1570 kg of chopped whole plant
corn on a DMB were packed with a small tractor and lawn roller. During Year 1 (Y1) the three
treatments were, uncovered (CON), 6-mil polyethylene black plastic (PLAS) weighted with 15
cm of chopped corn forage and wooden fence posts, and edible covering (EC) that was with the
hand-trawled. The EC treatment was sealed with a molten paraffin wax to prevent moisture
penetration. The main parameter measured for Y 1 and Y2 was the kilograms (kg) of spoiled
silage recovered under a fixed area, of the bunker for each of the treatments. The fixed area was
determined by utilizing a wooden frame (148.6 x 30.5 cm) placed at random on the bunker silo.
All spoilage was removed and weighed at each random point, and then was recorded. The edible
covering had the least amount of spoiled silage under a fixed area (1.23kg DMB) when
compared to the plastic and uncovered treatments (16.43 and 14.31 kg DMB respectively) in Y1.
The second trial (Y2) was similar to Y1 for packing of the whole plant corn silage and DM
percentage of whole corn plant ensiled; the only exception was the application process for the
edible covering. The application of the edible covering for Y2 required the mixing ofthe
ingredients in a vertical mixer, the product was then pumped through a horizontal screw and
sprayed using a 5.08 cm x 15.24 m hose equipped with a forced air nozzle. Y2 treatments
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included 6-mil polyethylene plastic (PLAS positive control), edible covering coated with a
molten paraffin wax covering (EC+MW), and an uncovered treatment. Six 2.14x7.32m bunker
silos with a plastic lined earthen base and plastic lined plywood walls were packed with 1781 kg
of whole-plant corn silage on DMB. The same wooden frame in Yl was used for this trial to
determine spoilage underneath the covering. Spoiled material was hand separated and weighed.
At the center of the silo the edible covering had the least amount of spoilage under the fixed area
frame (21.4 kg DMB), followed by the PLAS (40.7 kg DMB) and CON (71.5 kg DMB)
treatments. In both trials the edible covering had proved to be an effective alternative to plastic
for preventing surface spoilage.
Effect of Zinc Source and Concentration of on Feedlot Performance and Carcass
Characteristics of Finishing Beef Steers
J.C. Silva, M.S. Brown, E.M. Cochran, E. Lauterbach, C.E. Smith, Sr., L.D. Mitchell,
C.K. Larson, and T. Ward
West Texas A&M University, Canyon; Zinpro Corporation, Eden Prairie, MN
Two experiments were conducted to examine the effects of zinc source and concentration on
feedlot performance and carcass characteristics of beef steers. In Exp. 1, 179 crossbred steers
(325 kg initial BW) were blocked by BW, assigned to four treatments (5 pens/treatment), and fed
for 152 d. Steers were fed a 92% concentrate diet based on whole corn and supplemented with
60 mg Zn from ZnS04/kg DM (CT), 90 mg Zn from ZnS04/kg DM (308), CT plus 30 mg Zn
from ZINPRO®/kg DM (30M), and CT plus 30 mg Zn from Availa®Zn/kg DM (30A). Steer
DMI, carcass-adjusted ADG (1.67, 1.65, 1.66, and 1.72 +/- 0.04 kg/d for CT, 30S, 30M, and
30A, respectively), and adjusted ADG:DMI (169,168,171,174
+/- 3.7 g/kg) were not altered (P
> 0.10) by additional dietary Zn above 60 mg/kg. Carcass characteristics were similar across
treatments. In Exp. 2, 262 crossbred steers (281 kg initial BW) were blocked by BW, assigned
to three treatments (10 pens/treatment), and fed for 176 d. Steers were fed a 90% concentrate
diet based on steam-flaked corn without supplemental Zn (NC), NC plus 90 mg Zn/kg DM from
ZnS04 (8), or NC plus 35 mg Zn/kg DM from Availa®Zn and 55 mg Zn/kg DM from ZnS04
(A8). Steer DMI (8.59,8.45,8.40
+/- 0.12 kg/d for NC, S, AS, respectively) and adjusted ADG
(1.74, 1.73, and 1.76 +/- 0.03 kg/d) were similar. Adjusted ADG:DMI was improved by feeding
Zn (P = 0.06); ADG:DMI did not differ between NC and S (P> 0.15; 203 vs 205 +/- 2.9 g/kg),
but ADG:DMI tended (P = 0.13) to be greater for AS than for S (205 vs 209 +/- 2.9 g/kg).
Fewer carcasses graded at least low Choice when Zn was fed (P < 0.10), but marbling score was
at the juncture between Small and Slight marbling (P < 0.05; 404, 385, and 387 +/- 8 for NC, S,
and AS, respectively) and net return was not affected. Hot carcass weight, fat thickness,
Longissimus muscle area, and yield grade were similar (P > 0.10) among treatments. Gain
efficiency by feedlot cattle was improved by providing supplemental Zn, and efficiency tended
to favor feeding a blend of Availa®Zn and zinc sulfate.
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Performance and Digestibility Characteristics of Finishing Diets Containing Distiller's
Grains, a Composite, or Supplemental Fat
K.J. Vander Pol, M.K. Luebbe, G.!. Crawford, G.E. Erickson, and T.J. Klopfenstein
University of Nebraska, Lincoln
Three trials evaluated dietary treatments to determine what is responsible for the higher energy
value of wet distiller's grains plus solubles (WDGS) relative to com in finishing diets. Trial I
utilized 60 individually fed crossbred yearling heifers (BW = 765 ± 75 lbs) fed one of six dietary
treatments consisting of 0, 20, or 40% (DM basis) WDGS or 0,2.5, or 5.0% (DM basis) com oil
in a high-moisture com (HMC), dry-rolled com (DRC) based finishing diet. The 20% WDGS
and 2.5% com oil diets, as well as the 40% WDGS and 5.0% com oil diets were formulated to
provide equal amounts of dietary fat to the cattle. Cattle fed 20 and 40% WDGS had greater (P
< 0.10) feed efficiencies than cattle receiving 0% WDGS. Contrary to this, cattle fed 2.5 and
5.0% com oil had lesser (P < 0.10) feed efficiencies relative to cattle fed 0% com oil. Further,
cattle receiving the 5.0% com oil treatment had the lowest overall performance (DMI, ADG,
F:G) relative to the other treatments. Results from this trial indicate that the fat within WDGS
when fed at 20 or 40% of the diet does not contribute to the negative impacts of high amounts
supplemental com oil on performance of finishing cattle. Trial 2 utilized 234 crossbred yearlings
steers (BW = 775 ± 35 lbs) fed one of five dietary treatments consisting of20 or 40% dry
distiller's grains plus solubles (DDGS), 1.3 or 2.6% (DM basis) tallow, or HMC. Further, all
diets contained 20% (DM basis) wet com gluten feed (WCGF) as a method of controlling
acidosis, as well as 10% com silage and 3% dry supplement, HMC made up the balance of the
treatment diets receiving DDGS or tallow. The 20% DDGS and 1.3% tallow treatments as well
as the 40% DDGS and 2.6% tallow treatments were formulated to provide the same amount of
dietary fat to the steers. Results from trial 2 revealed no differences between treatments for any
performance parameter or carcass characteristic measured, and may indicate that DDGS appears
to be similar to tallow supplementation. Trial 3 utilized 5 Holstein steers equipped with ruminal
and duodenal cannulas in a 5X5 Latin square design consisting of 5 21 d periods, with 16 d of
adaptation and 5 d of collection. Dietary treatments utilized were a 40% WDGS diet, two
composites one consisting of com bran and com gluten meal (CaMP), and one consisting of
com bran, com gluten meal, and com oil (CaMP + OIL), and two DRC based diets (CON) with
one supplemented with com oil (CON + OIL). The CaMP diet was formulated to provide the
same amount ofNDF, and CP as the WDGS diet, and the CaMP + OIL diet was formulated to
provide the same amount ofNDF, CP, and fat as the WDGS diet, while the CON + OIL was
formulated to provide the same amount of fat as the WDGS diet. Rumen pH was numerically
least for cattle fed the WDGS diet. Further, cattle fed the WDGS had higher (P < 0.10) molar
proportions of propionate and lower (P < 0.10) acetate:propionate ratios than cattle on any other
treatment. Additionally, cattle fed the WDGS diet had higher (P < 0.10) total-tract fat digestion
than cattle on any other treatment. Duodenal fatty acid profiles revealed a higher proportion of
unsaturated fatty acids reaching the duodenum for the cattle fed WDGS relative to cattle fed any
other treatment, with total fat flow to the duodenum similar for the WDGS, CaMP + OIL, and
CON + OIL treatments. Since acidosis control was not demonstrated in this trial, our results
indicate that the higher energy value of WDGS relative to com is due to more propionate
production, higher fat digestibility, and more unsaturated fatty acids reaching the duodenum.
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Effects of Different Growing Systems on Rate of Accretion of Intramuscular and
Subcutaneous Adipose Tissue in Feedlot Cattle
J.T. Vasconcelosl,2, J.E. Sawyerl, L.W. Greenel,2, F.T. McCollwn, 1111,2,S.B. Smithl ,
and L.O. Tedeschi I
I Texas A&M University, College Station; 2Texas A&M Agricultural Research and Extension
Center, Amarillo
Forty eight crossbred steers (initial BW = 296 ± 16.7 kg) were individually fed to evaluate the
effects of different growing systems on i.m. and s.c. fat rate of deposition of feedlot cattle. Steers
were fed one of four treatments for 56d: AL-LS (a low starch diet fed ad lib for a rate of gain of
1.0 kg d,I), AL-HS (a high starch diet fed ad lib for a rate of gain of 1.6 kg d'I), LF-HS (a limit
fed high starch diet designed to provide the same amount of energy provided by AL-LS), and
AL-IS (a diet with approximately the midpoint daily energy intake between AL-LS and AL-HS
fed ad lib). On d57, steers were placed on AL-HS for finishing until d140. Real-time ultrasound
(RTU) measurements were taken at 28-d interval during the 140 d period. During the growing
phase, RTU measurements showed that HS increased rate ofi.m. fat deposition (P = 0.01), and
LS and IS resulted on lower accretion of s.c. fat (P < 0.01). In the finishing period, rates of i.m.
(P = 0.13) and s.c. (P = 0.81) fat accretion were similar. This similarity diluted differences in
overall (d 0 to 140) rates of i.m. (P = 0.28) and s.c. (P = 0.52) accretion, such that final RTU
measures of i.m. and s.c. fat were similar (P > 0.36) among treatments. However, carcass
marbling scores were higher (P = 0.02) for AL-HS and AL-IS. Fat thickness tended (P = 0.08) to
be higher for AL-HS and AL-IS. High starch diets increased growing phase i.m and s.c. fat
accretion regardless of level of energy consumption. Steers that conswned more total energy
throughout production achieved greater carcass fatness, although these responses were difficult
to evaluate via interim RTU measurements. Energy source may influence energy partitioning
during the growing period, but these effects may be overcome by gross differences in energy
intake.
Effects of Bacterial Endotoxin and Supplemental Dietary Methionine in Growing AngusCross Steers
J.W. Waggoner, C.A. Loest, T.M. Thelen, M.K. Petersen, D.M. Hallford, M.D. Remmenga, and
C.P. Mathis
New Mexico State University, Las Cruces
Gram( -) bacterial infection has been implicated in the pathology of many diseases that occur in
feedlot cattle. The inflammatory response to bacterial infection occurs due to recognition of the
lipopolysacharide (LPS) component of the bacterial cell wall. Administration of purified LPS
(bacterial endotoxin challenge) stimulates the immune system and mimics the symptoms of
bacterial infection. Acute phase response protein synthesis and increased demand for glucogenic
precursors during gram( -) bacterial infection increases metabolic amino acid (AA) demand and
limits the efficiency of N utilization for growth in feedlot calves. Therefore, it was hypothesized
that steers would have increased requirements for AA, such as Met, during an endotoxin
challenge. This study evaluated the effects of supplemental dietary Met on N balance, and blood
metabolites in Angus-cross steers (n = 20; BW = 262 ± 6.3 kg) exposed to LPS (gram( -), E. coli
055:B5, bacteriallipopolysacharide;
Sigma). Treatments (2 x 2 factorial) were LPS infusion
(saline ys. LPS) and dietary Met addition (0 vs. 14 g/d rwnen-protected; Smartamine M,
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Adisseo). Steers were limit-fed (DM intake = 1.4% BW) a diet consisting of35% cracked com,
25% alfalfa hay, 20% com silage, 12.4% sorghum sudan hay, 4% molasses, and 3.6%
supplement. Steers were adapted to diet and Met addition for 14 d, and were then infused (1
mL/min via i.v. catheter) with LPS on d 15 (2 ug/kg BW) and 17 (1 ug/kg BW). Blood was
collected prior to LPS infusions and every 2 h thereafter for 12 h. Total fecal and urinary excreta
were collected from d 15 through 20 to calculate N balance. Serum cortisol increased (P < 0.05)
in response to LPS, but was unaffected (P = 0.95) by Met supplementation. An LPS x h
interaction (P < 0.05) was observed such that serum cortisol peaked 2 h after LPS infusion and
remained elevated (P < 0.05) above steers that received no LPS for 10 h. Plasma Met was greater
(P < 0.05) for Met-supplemented steers prior to LPS administration, but declined (P < 0.05) for
steers infused with LPS such that their plasma Met concentrations at 4 to 10 h post-LPS were not
different (P > 0.09) from steers that received no supplemental Met (LPS x Met x h interaction, P
< 0.05). Infusion ofLPS increased (P < 0.05) urinary N excretion and decreased (P < 0.05) N
retention resulting in a negative N balance for LPS-challenged steers. Supplementation of Met
did not affect (P = 0.49) N retention, and the absence of a LPS x Met interaction (P = 0.25) for N
retention indicated that supplemental Met does not improve the efficiency ofN utilization in
growing beef steers during an endotoxin challenge. However, infusion ofLPS decreased (P <
0.05) plasma concentrations of lysine, threonine, phenylalanine, tryptophan, and isoleucine,
which suggests an increased uptake of these AA by the liver. These findings imply that
supplemental dietary Met does not alleviate the negative effects of a bacterial endotoxin on N
utilization, and that metabolic demands for other essential AA may increase during an endotoxin
challenge.
Effects of Optaflexx® are Not Confined to Muscle Tissue: Evidence for Direct Effects of
Ractopamine-HCl Supplementation of Fermentation by Rumen Microorganisms
C.E. Walker, J. S. Drouillard, M.J. Quinn and T.G. Nagaraja
Kansas State University, Manhattan
Ractopamine-HCI is a ~-agonist similar in chemical structure to catecholamines. RactopamineHCI is marketed commercially under the trade name Optaflexx®, and has been noted for its
ability to accelerate gain and improve efficiency when administered to cattle during the final 4 to
6 weeks of feedlot finishing. These effects are presumed to be the direct result of ractopamine' s
activity as a beta adrenergic agonist. Research conducted in our laboratory revealed that the
response to ractopamine supplementation in finishing heifers could be attenuated by feeding
ruminally degraded forms of nitrogen, most notably urea. The interaction between ractopamine
and nitrogen supply is suggestive of a direct effect on microbial populations within the rumen.
Catecholamines previously have been noted for their ability to influence populations of oral
bacteria (Roberts et aI., 2002). Further evidence (Kinney et aI., 2000) suggests that
catecholamines function as siderophores, which are low molecular weight compounds that
chelate iron. Bacteria that are capable of recognizing and using siderophores gain a competitive
advantage as a result oftheir ability to more readily assimilate iron, which is an essential
nutrient. The objective ofthis study was to determine the effect ofractopamine-HCI on
fermentation by rumen microorganisms. For in vitro analysis rumen fluid was collected from a
cannulated steer fed a high concentrate ration. Five levels ofractopamine-HCI were analyzed: 0
g, 0.03075 g, 0.3075 g, 3.075 g, or 30.75 g/ton ofDM were evaluated for in vitro gas production.
Gas production was measured over a 6h incubation. Samples were then analyzed for production
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of volatile fatty acids (VF A). Sixty heifers, fed Optaflexx® or no Optaflexx®, were sampled
twice for in vivo VFA analysis. Four levels ofractopamine-HCI, along with four substrate
combinations: corn, corn with soybean meal, corn with urea, and corn with soybean meal and
urea were analyzed in the in vitro dry matter disappearance test. Samples were incubated for 2,
4,6,8, or 12 h. Ractopamine-HCI increased in vitro gas production when added in
concentrations up to 10 times the assumed physiological dosage, but depressed gas production at
100 times the physiological dose. The VFA profiles from in vitro fermentations indicated a
slight but non-significant increases in VFA production with ractopamine-HCl. RactopamineHCI decreased total VFA production in vivo (P = 0.014). The results obtained from the in vitro
dry matter disappearance illustrated a significant interaction between ractopamine-HCI
concentration and nitrogen source (P = 0.0064), suggesting that more ruminally available forms
of nitrogen increase the response to ractopamine. This response supports our previous
observations with finishing heifers, in which the response to ractopamine was substantially
improved by feeding urea instead of soybean meal. Significant main effects also were detected
for ractopamine-HCI concentration, substrate type, and hour of fermentation (P < 0.0001, P =
0.0006, and P < 0.0001, respectively). Collectively, these experiments indicate that ractopamineHCI stimulates fermentative activity of rumen microbes. Interactions between protein source
and ractopamine-HCI suggest that maintaining adequate levels of rumen degradable protein may
be necessary to achieve optimal response to Optaflexx®. Though further research is needed to
fully understand the impacts ofractopamine-HCI on the rumen ecosystem, the results of these
studies clearly indicate that ractopamine-HCI has direct a direct influence on fermentation by
rumen microflora. Effects of Optaflexx® (ractopamine-HCI) are not confined to mammalian
tissues. A greater understanding of the impact ofractopamine-HCI on microbial digestion
ultimately will lead to improved methods of exploiting the full range of benefits associated with
this compound.
Effects of Implanting with Revalor-S and Feeding Optaflexx on Nitrogen Retention, Blood
Metabolites, and Longissimus mRNA Expression in Holstein Steers
D.K. Walker, E.C. Titgemeyer, E.K. Sissom, K.R. Brown, J.J. Higgins, and B.J. Johnson
Kansas State University, Manhattan
Growth promotants are commonly used in the feedlot industry, however, it is not known if two
of these growth promotants, Optaflexx and Revalor-S, when administered together will result in
an additive or synergetic response. Therefore, our experiment evaluated interactions between
Revalor-S and feeding Optaflexx. Six Holstein steers (initially weighing 509 lb) were housed in
metabolism crates. Three steers were not implanted and 3 steers were implanted with Revalor-S
(120 mg trenbolone acetate plus 24 mg estradiol-17~; Intervet) on day O. Optaflexx (200 mg/day
ractopamine-HCI; Elanco Animal Health) was fed to all steers beginning on the evening of day
28 and continuing through day 56. No steers were fed ractopamine the initial 28 days. Steers
were fed a corn-based diet (62% rolled corn, 20% expeller soybean meal, and 15% alfalfa hay)
twice daily with an average dry matter intake of 10.6 lb/day. Urine and fecal samples were
collected throughout the study for measuring nitrogen retention, a measure of lean tissue
deposition. Blood and longissimus biopsy samples were collected prior to implantation and on
day 14, 28 (before Optaflexx feeding), 42, and 56. Semimembranosus muscle and liver samples
were collected after steers were euthanized on day 56. There was a Revalor-S x Optaflexx
interaction for retained nitrogen (P < 0.05); Optaflexx feeding led to only a minor improvement
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in nitrogen balance for Revalor-S implanted steers (45.9 vs. 44.5 g/day), whereas Optaflexx led
to large increases in nitrogen balance for non-implanted steers (39.0 vs. 30.4 g/day). Optaflexx
increased diet digestibility (79.6 vs. 77.3%; P < 0.01). Revalor-S increased (P < 0.05) serum
IGF-I concentrations from days 14 to 56 (569 vs. 401 ng/mL). Optaflexx tended to decrease (P
= 0.06) serum IGF-I concentrations the last 28 days. Optaflexx decreased serum insulin 8% in
non-implanted steers (0.50 vs. 0.46 ng/mL), but decreased it 66% in Revalor-S implanted steers
(0.40 vs. 0.14 ng/mL). Optaflexx numerically decreased plasma glucose. Revalor-S tended to
increase (P = 0.16) whereas Optaflexx decreased (P = 0.02) mRNA expression ofIGF-I in
longissimus muscle. Optaflexx decreased mRNA expression Of~l- and ~2-receptors in
longissimus muscle (P = 0.02). Revalor-S tended to increase mRNA expression of ~2-receptor
and IGF-I in the semimembranosus muscle and ofIGF-I mRNA expression in the liver. The
steroidal implant and feeding of ractopamine both increased nitrogen retention in steers, but the
combination did not yield an additive response. The two growth promotants had opposite effects
on serum concentrations ofIGF-I and mRNA expression ofIGF-I in longissimus muscle. These
data aid in our understanding of how Optaflexx and Revalor-S enhance efficiency of lean tissue
growth.
Replacing Steam-Flaked Corn with Wheat in Finishing Diets
A.S. Webb, J.S. Drouillard, E.R. Loe, M.J. Quinn, RE. Depenbusch, and M.E. Corrigan
Kansas State University, Manhattan
Finishing performance and carcass characteristics were evaluated for crossbred heifers (n=78;
644 ± 3 lb) fed flaked grain diets containing hard red winter wheat (HARD), soft red winter
wheat (SOFT), or com (CORN). In the case of wheat-based diets, wheat was blended with com
in a 63:37 ratio, and cattle were fed for 130 d. Blood samples were obtained via jugular
venipuncture for determination of glucose and lactate concentrations on d 0, 29, 57, and 86, and
rumen fluid was sampled 2 wk prior to slaughter for ruminal VF A concentrations. Diet had no
effect (P>0.05) on ADG (3.44, 3.33, 3.13 Ibid for CORN, HARD, and SOFT, respectively), gain
efficiency (5.18,5.20,5.33),
or DMI (17.6,17.0, 16.5 Ibid). Compared to heifers fed HARD or
SOFT, those fed CORN consumed less (P<0.02) of their ration within 2 h after feeding (9.22,
8.64, and 7.34Ib, respectively). Ruminal fluid pH was not different among treatments (P>0.20).
Heifers fed SOFT had greater (P<0.02) ruminal acetate concentrations than heifers fed CORN or
HARD (55, 49, and 47 mM, respectively), greater isobutyrate concentrations (P=0.08) than
heifers fed CORN or HARD (0.67, 0.46, and 0.51 mM, respectively), and greater (P<0.03)
butyrate concentrations compared to C-fed heifers, while heifers fed HARD were intermediate
(11.3,8.2, and 9.8 mM, respectively). Diet had no significant effect on concentrations of plasma
glucose or plasma lactate. Hot carcass weights were 697, 683, and 664lb for CORN, HARD,
and SOFT, respectively (P=0.07). Other carcass traits were not influenced by diet. Color
stability of longissimus steaks was evaluated throughout a 7-d retail display period, but no
differences were evident in terms of instrumental color measurements or subjective scores
assigned by trained panelists within the 7 d of the display; however, the data indicate possible
differences beyond 7 d. Combinations of hard red wheat and com yielded carcass characteristics
that were comparable to all-com diets, but soft red wheat tended to yield animals with lighter
carcasses.
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Effect of Optaflexx™ and Days on Feed on Feedlot Performance, Carcass Characteristics,
and Skeletal Muscle Gene Ex~ression in Yearling Steers
S.J. Winterholler1, G.L. Parsons I, J.P. Hutcheson, D.A. Yates2, W.T. Nichols2, R.S. Swingle3,
and B. J. Johnsonl
I Kansas State University, Manhattan; 2Intervet Inc., Millsboro, DE; 3Cactus Research, LTD,
Amarillo
Yearling steers (n=2,252; avg. 690 lb) were used to evaluate the effects of Optaflexx™ and days
on feed on finishing steer performance and carcass characteristics. This study utilized a
randomized complete block with a 3 x 2 factorial arrangement. Treatment groups included serial
harvest dates of 150, 171, or 192 d. Within harvest date, steers either received Optaflexx (200
mg/steer daily ofractopamine-HCl) for the final 28 days, or did not receive Optaflexx. All steers
were initially implanted with Revalor-IS and were re-implanted with Revalor-S after 75 days on
feed. At harvest, muscle samples from the semimembranosous were obtained for analysis of Badrenergic receptor (AR) mRNA levels. Optaflexx increased daily gains, hot carcass weight,
ribeye area, and F:G (P~0.05). Optaflexx did not affect dressing percentage, USDA yield grade,
or quality grade (P>0.3). There was no change in overall feed intake across the entire feeding
period; however, feed intake was increased during the 28-day period that steers were fed
Optaflexx (p~0.05). As expected, greater days on feed decreased daily gains, overall feed
intake, the number of yield grade 1 and 2 carcasses, and F:G (P~0.05). Also, greater days on
feed increased hot carcass weight, dressing percentage, and the number of prime and choice
carcasses, as well as the number of yield grade 4 and 5 carcasses (P~0.05). Increasing days on
feed decreased the abundance ofmRNA for BI-AR and B3-AR, and increased the abundance of
B2-AR mRNA (P~0.05). Optaflexx had no effect on abundance ofmRNA for BI-AR, or B3-AR,
but it increased the abundance ofmRNA for B2-AR (P=0.09). These data suggest that days on
feed and Optaflexx are affecting BAR mRNA levels which could in turn impact the response to
Optaflexx feeding in cattle.

135

LA LLEMA ND

ANIMAL NUTRITION
North America
6120 West Douglas Avenue, Milwaukee, WI 53218
(414)464-6440 • Fax(414)464-6430
WW'vV.lallemand.com • LAN_NA@lallemand.com

'3NI 'Sl3naOllcl a33:1

•••••••••••••••••••••••••••••••••

-NIIAI

•••

h Laboratories
"Results

Locations

Q!!j

Hastings,

NE· Dodge

City,

l'C>uCan Trust"

Providing:
- Feed Analysis
- Water Analysis
- Soli Analysis
- WasteW'ater Analysis

KS. Amarillo.

TX

.---

'

The F.L. EmR1ert Company
PRODUCTS
-

SPECs

Quality Feed Ingredients
since 1881
Specialist in yeast products for animal
_..•__ .L_.: .•..: _ •..•

1': .....
_ .•.:

.....

,
IGmon
YEAST

CUlTURE

~.

ADM
Archer Daniels Midland Company

PRINCE
Advancing Animal Nutrition ,.

FAPRI
At the University of Missouri
Food and Agricultural
Policy Research Institute

®
...naturally

LA LLEMA ND

ANIMAL NUTRITION
North America
6120 West Douglas Avenue, Milwaukee, WI 53218
(414) 464-6440 • Fax (414) 464-6430
WW¥I.lallemand.com • lAN_NA@lallemand.com

Culture Complex PROBIO'

FEED PRODUCTS, INC.

P · er .n mal Health

••••
EXPECT

MIN·

MORE™

•••••••••••••••••••••••••••••••••

The Implant Professionals ®

h Laboratories
"Results

Locations

El!!)
Hastings.

NE· Dodge

City.

}'(->u
Can

Trust"

Providing:
- Feed Analysis
- Water Analysis
- Soli Analysis
- Waste'Water Analysis

KS. Amarillo.

TX

j

,

1

The F.L. ED1D1ert COD1pany

PRODUCTS
-',

SPECs

CONTACT
INFO

Quality Feed Ingredients
since 1881
Specialist in yeast products for animal

,
lamon
I

YEAST

CUlTURE

~.

ADM
Archer Daniels Midland Company

PRINCE
Advancing

Anim al Nutrition ,.

FAPRI
At the University of Missouri
Food and Agricultural
Policy Research Institute

...naturally

