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ABSTRACT

A series of five trials were conducted to evaluate grain processing, distiller’s grains
inclusion in finishing diets, interactions between distiller’s grains and dry-rolled corn
(DRC) or steam-flaked corn (SFC), efficacy of removing roughage in the presence of
distiller’s grains and the digestibility of distiller’s grains in steam-flaked and dry-rolled
corn diets. The first trial was designed to determine the optimum flake density of SFC in
beef finishing diets. Diets consisted of corn flaked to densities of 360, 411, or 462 g/L.
Observed improvements in mill production would support increasing flake density;
however numerical decreases in animal performance offset economic benefits of
increased productivity. The second trial was conducted to evaluate optimum levels of
sorghum wet distiller’s grains in finishing diets. Crossbred yearling steers were fed diets
containing DRC or SFC and levels of distiller’s grains were 0, 10, 20, or 30% of diet dry
matter. Distiller’s grains can effectively replaced a portion of the corn in finishing diets,
but their nutritional value was greater in DRC diets than in SFC diets. In trial 3,
crossbred heifers were fed diets containing SFC with 0% DDG and 15% corn silage (CS),
25% DDG and 15% CS, or 25% DDG and 5% CS. In trial 4, crossbreed heifers were fed
diets similar containing DRC or SFC with 0% DDG and 15% CS, 25% DDG and 15%
CS, or 25% DDG and 5% CS. Results indicate that roughage levels can be reduced in
feedlot diets containing DDG with no adverse effects on performance or carcass quality.
The fifth trial was a metabolism study conducted to evaluate the digestibility of DDG in
beef cattle. Treatments consisted of DRC with 0% DDG, DRC with 25% DDG, SFC
with 0% DDG, and SFC with 25% DDG. There were no significant grain processing by
distiller’s grain interactions observed in main effects. In conclusion optimum flake
density was 360 g/L, feeding distiller’s grains has a greater value in DRC diets vs. SFC
diets, roughage level and type are important in formulating finishing diets, roughage can
be reduced when feeding distiller’s grains, and ruminal ammonia, and pH are decreased

and ruminal lactate is increased when feeding DDG and SFC.
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1. Chapter I: AREVIEW OF LITERATURE



INTRODUCTION

In most northern states where cattle are fed, grains typically are dry-rolled,
ensiled, or left whole. Dry-rolling grain is an effective way to improve efficiencies over
whole grain without adding substantial cost. In many of these areas, feedlots take
advantage of harvesting grain at higher moisture for ensiling. Ensiled grains provide for
improved performance characteristics compared to dry-rolled corn, and also provide
more flexibility in harvesting corn. Steam flaking allows for grain to condition in a steam
chest for 30 to 45 minutes, during when grain is heated and allowed to absorb water. The
starch granules within the grain swell and the starch matrix is disrupted when pressed
through rolls, thereby increasing starch availability. Animal efficiency and gains are
improved over less extensive processing methods such as dry-rolling, high-moisture
ensiling, or whole corn. The cost to produce flaked grain has increased as electrical
energy and natural gas costs have increased. Natural gas or propane is used to fire boilers
to generate steam. Increasing flake density may be a viable option to increase mill
throughput, therefore decreasing energy costs per unit of production.

In recent years, the ethanol industry has grown extensively throughout the
Midwest. With the growth of this industry demand for corn has increased, resulting in
higher corn prices. Distiller’s grains, a by-product of ethanol production, have become
an important ingredient in livestock diets. Many of the nutrients in the by-product are
concentrated including: protein, phosphorus, fiber, and fat. Most research that has been
conducted with distiller’s grains has pertained to less extensive processing methods, i.e.
dry-rolled corn and high-moisture corn. Testing for efficacy in diets containing steam-
flaked corn is needed, as most feedlots with flaking infrastructure cannot afford to
abandon that investment. Additionally, with decreases in corn availability and increases
in cost, finding optimum levels of distiller’s grains in diets comprised of steam-flaked
grain is vital to the feedlot industry.

Roughage contributes little to the nutrition of feedlot animals due to its relatively
low digestibility. However it is an important ingredient within the diet as a result of its
ability to help control digestive disorders and minimize liver abscesses in cattle fed diets

of high grain concentration. Distiller’s grains typically are more digestible than common



fiber sources such as alfalfa hay, and corn silage. Distiller’s grains have smaller particle
size than typical roughages used in finishing diets and therefore may be less effective for
preventing digestive disorders. Eliminating a portion of the fiber in finishing diets
would, however, be advantageous in finishing cattle diets with less roughage and manure
handling.



Grain Processing and Effects on Cattle Performance

With more extensive processing, such as dry-rolling, high moisture grain, and
steam-flaking, more starch is made available to the animal. With an increase in starch
availability to feedlot animals, this will improve the efficiency of beef cattle production
(Theurer, 1986). In a survey of 6 consulting nutritionists, the author noted that the most
common grain processing method used in feedlots was steam-flaking grain (Galyean
1996). In feedlot diets, the primary role of processing grain is to increase energy in the
diet (Owens et al., 1997). Macken et al. (2006a) evaluated the efficacy of purchasing
equipment for dry-rolled corn (DRC), high-moisture corn (HMC), or steam-flaked corn
(SFC), based on costs for a 5,000 head feed yard vs. a 20,000 head feed yard. Estimated
cost of production in dollars per metric ton for DRC, HMC and SFC for the 5,000 head
yard were 1.58, 4.71, and 9.57 and the 20,000 head yard were 0.81, 3.07, and 6.23
respectively. The authors noted that even with high SFC production costs, a 5,000 head
yard could justify flaking grain vs. dry-rolling. Feedlots with a capacity of 20,000 head
would make a good decision purchasing a flaker mill with improvements in cattle
performance. High moisture corn compared to DRC in either yard size is potentially
economically viable, but is directly dependant on corn moisture, and corn purchase price.
Feeding SFC to finishing cattle was shown to improve the efficiency 16% compared to
DRC (Zinn et al., 1998). With improvements in feed efficiency feedlots are able to get
more performance out of their grain purchase. In times of high grain prices more
extensively processing adds more value to grain.

Theurer (1986) reviewed literature pertaining to steam flaking and concluded that
flaking grain increases starch degradation within the rumen 9 to 18% compared to ground
or cracked corn. As grain is further processed, the proportion of starch that escapes
ruminal degradation is highly digestible in the small intestine and hind gut. Total tract
digestion of grain is improved with flaking about 99% vs. rolling (94%) or fine grinding
(94%). Owens et al. (1986) observed that as corn is processed more extensively, the
proportion of starch digested within the rumen increases. Ruminal degradation of SFC
was 82.8% compared to DRC 71.8% and 86.0% for HMC. Small intestinal digestion was
15.6, 16.1, and 55% for SFC, DRC and HMC respectively. Large intestinal



digestibilities were 1.3, 4.9, and 1.0% for SFC, DRC and HMC, respectively. Total tract
starch digestion as a percent of starch within the diet was improved as corn was
processed to a greater degree. Total tract digestion percentages were 97.8, 93.2, and
94.6% for SFC, DRC and HMC, respectively. With greater degrees of processing more
digestion occurs via fermentation within the rumen, decreasing the amount of starch that
reaches the small intestine thus improving feed efficiency in beef. @rskov et al. (1970)
observed that low extent of ruminal digestion decreased microbial growth, thus
decreasing the amount of microbial protein available to the animal. Starch digestion that
occurs in the large intestine will increase fecal nitrogen loss and decrease apparent
protein digestibility.

Zinn et al. (1995) compared DRC vs. SFC at two feed intake levels. Ruminal
OM, starch, and N digestion, and total tract OM, starch, N digestion, NEm and NEg were
improved with SFC vs. DRC. Microbial efficiency (g/kg OM fermented) and fecal
excretion were greater for DRC vs. SFC. Cooper et al. (2002a) compared digestibility
and crude protein flow using DRC, HMC, and SFC. Ruminal OM digestion was higher
for steers fed HMC compared to DRC, but SFC was not different from the other
treatments. Post ruminal starch digestion was greatest for steers fed SFC. Total tract OM
and starch digestion were lowest for cattle fed DRC and there were no differences
between cattle fed HMC or SFC. Likewise, Huntington (1997) noted total tract OM and
starch digestion were greatest for SFC, followed by HMC, than DRC. Zinn and Owens
(1983) fed a diet containing DRC at 1.2, 1.5, 1.8, and 2.1% of body weight to evaluate
ruminal bypass and site and extent of digestion. As intake level increased, they observed
linear increases in flow of N, non ammonia N, microbial N, and feed N to the small
intestine. Passage rate was increased with increasing intake percentages. A linear
decrease was observed in ruminal degradation as intake level was increased. Microbial
efficiency was maximized at the 1.8% feed intake level. Ruminal degradation of OM and
ADF decreased linearly as intake level increased. Starch digestion had an opposite trend;
more starch was degraded within the rumen as intake increased. The authors noted this
was likely due to difference in the amount of fermentable material present as intake levels

were increased.



Galyean et al. (1976) compared DRC, SFC, ground high-moisture corn treated
with propionic acid and ensiled (PHM), and ground high-moisture corn (GHM). In vitro
gas production was greatest for SFC and PHM, with lower values for DRC and GHM.
Total VFA production was greatest for GHM, followed by SFC, DRC and PHM. Hale
(1973) reviewed the effects of processing methods on cattle performance and in vitro
fermentation of grain. As grain is further processed (i.e., flaked vs. rolled) utilization of
non-protein OM, protein, and starch was improved. Corona et al. (2005) compared the
effects of whole, ground, DRC, and SFC on digestion and cattle performance. Flaking
corn improved gain and efficiency, but decreased DMI. Fecal starch was increased in
cattle fed whole corn vs. those fed DRC and ground corn. Fecal starch was lower for
SFC than any of the other less extensively processed grains. Total tract digestion of DM,
OM, starch, and nitrogen were greatest for cattle fed SFC. Dry-rolling and grinding corn
yielded similar values, and whole corn was the least digestible. Similarly, ruminal pH
was lowest in flaked diets, while rolled and ground corn produced similar pH. The
highest ruminal pH was observed in cattle fed whole corn. Flaking also increased the
amount of propionate and decreased acetate and butyrate; thus decreasing AP ratio. Total
ruminal volatile fatty acid production was the lowest in cattle fed whole corn, and ground
corn produced more total VFA than DRC. Flaking also improved DE versus other
processing methods, while whole corn was the least digestible of all grain processing
methods.

Owens et al. (1997) compared grain type and processing method on cattle
performance. As more extensive processing occurs, cattle consume less feed daily.
Flaking grain compared to DRC decreases DMI approximately 12%. Average daily gain
was similar for DRC vs. SFC, but lower in HMC cattle. Feed efficiency was improved
by 12% for cattle fed SFC compared to DRC and HMC. Feed efficiencies were similar
for cattle fed DRC and HMC. Zinn (1990b) evaluated steam conditioning times and
effects on digestion vs. DRC. Ruminal digestion of DRC was about 15% lower than
SFC. Dry-rolling corn compared to SFC increased starch supply to the small intestine by
about 15%. Protein efficiency was improved by approximately 16% when flaking grain
compared to DRC. Fecal starch excretion was increased by about 9% in cattle fed DRC

compared to SFC. Total tract digestion of starch was improved about 9% in cattle fed



SFC vs. DRC. Organic matter digestion was improved about 5% when flaking corn
compared to rolling grain.

Huck et al. (1998) studied associative effects of flaked grain sorghum when
combined with SFC, HMC or DRC on cattle performance and carcass characteristics.
Steam-flaked corn was mixed with steam-flaked sorghum at 0, 25, 50, and 75%. There
were linear decreases in final weight, feed efficiency, and HCW as flaked sorghum
replaced SFC. The authors noted an associative effect on ADG with an improvement of
6% when sorghum replaced 25% of SFC. Dry-rolled corn and HMC, when used to
replace 33% of steam-flaked sorghum, improved final weight, ADG, feed efficiency, and
HCW over the steam-flaked sorghum treatment.

Cooper et al. (2002b) evaluated three corn processing methods with four different
DIP levels. Dry-rolled corn, HMC and SFC were the basal grain sources; DIP levels
were: 0, 0.5, 1.0, 1.5, and 2.0% (DM basis). Cattle performance for DRC yielded similar
estimates in DIP requirements as predicted by the NRC model (NRC, 1996). High-
moisture corn evaluated in this study suggested the DIP requirement for cattle fed 90%
concentrate was 10.1% DIP, which was lower than NRC predictions. Steam-flaked corn
was variable among treatments but 7.1% DIP appeared to be adequate. The authors noted
that as corn is more extensively processed DIP requirements are increased due to increase
in microbial growth. NRC (1996) dietary DIP requirements for 90% concentrate diets of
DRC, SFC and HMC are 6.8, 7.1, and 7.1% respectively. Macken et al. (2006b)
compared DRC, fine ground corn (FGC), HMC, ground high-moisture corn (GHM), and
SFC with 25% wet corn gluten feed in finishing diets. Average daily gain was similar
among treatments. Feed efficiency was improved with cattle fed SFC and HMC. Cattle
fed DRC deposited the least amount of external fat; this also corresponded to the lowest
yield grade. As the degree of grain processing increased cattle fecal excretions of starch

decreased.

Steam-Flaking Grain and Effects on Cattle Performance and Digestion
Steam flaking is the process of allowing grain to steam in a steam chest for 30-45

minutes; usually at a temperature of 95-100° C. The grain is then fed through two
corrugated rolls, rotating at the same speed, and setting gap between rolls to obtain

desired flake density. Retention time, roll gap, final temperature, and steam pressure



entering steam chest all determine the starch gelatinization of the flaked grain. A
diagram of steam-flake mill equipment is illustrated in figure 3 (Zinn, et al., 2002).

Hale et al. (1966) compared sorghum and barley dry-rolled and steam-flaked. In
both instances, the author noted the importance of steaming time and moisture content for
flake quality and animal performance. Feed conversion was improved approximately 6%
when flaking compared to rolling milo. Daily gain was also improved when flaked grain
was compared to rolled grain, but there were no effects on DMI. Barley as the grain
source was had increases in ADG when cattle were fed flaked barley compared to rolled
barley. There were similar values for feed conversion between rolled and flaked barley
fed cattle. Zinn et al. (2002) stated five factors affect flake quality including: steam chest
temperature, steam condition time, rolls corrugation, roll gap, and roll tension. Sindt et
al. (2006) evaluated two flake densities 360, and 310 g/L; with three tempering moistures
(0, 6, and 12%). Cattle performance was not improved with greater moisture content.
Adding moisture and decreasing flake density did not improve total tract digestion of
OM, starch, or N. Zinn et al. (1998) evaluated DRC vs. tempered rolled corn at various
surfactant concentrations and made the comparison to SFC. When tempering corn prior
to rolling, ADG and feed efficiency were improved. Increases in DMI, HCW and final
weight were observed when flaking corn vs. rolling. Cattle fed corn tempered prior to
rolling did not convert as efficiently as cattle fed SFC. Zinn (1990b) evaluated
conditioning time within steam chest and effects on cattle performance. Grain was
retained within steam chest for 34, 47 or 67 minutes. Starch leaving the abomasum was
greatest for cattle fed SFC conditioned 47 minutes. As tempering time increased, fecal
starch and starch leaving the small intestine decreased. Organic matter leaving the small
intestine increased as time in the steam chest increased. Total tract digestion of diet was
not affected by steaming time. Digestible energy was greatest for cattle fed SFC
tempered for 34 minutes. Sindt et al. (2006) compared heifer performance with two
moisture contents of SFC. Flaked grain moistures contents were 18 or 36% respectively.
Heifers fed 36% moisture flakes consumed less feed, and gained weight at a slower rate
than their counterparts fed flaked grain at 18% moisture, with no effect on feed

efficiency. Carcass characteristics of heifers were not affected by increasing moisture



content. Increasing moisture decreased the amount of particles less than 1,180 um within
the diet; however this had no positive effect on heifer performance.

Johnson et al. (1968) evaluated SFC, DRC, flaked then cracked corn and steam-
cracked corn. Flaked-cracked corn was flaked and then re-run through mill with no
added steam. Steam-cracked corn was steamed, dried and then cracked. Passage rate
was increased with flaking grain versus rolled. Birefringence was used to measure light
passing through corn samples. The loss of birefringence was increased for corn that was
flaked compared to corn that was rolled. The authors noted that corn that was steamed
dried and then rolled had no difference in birefringence loss between cracked corn.

Zinn et al. (2002) describes retrogradation as the re-association of dispersed starch
molecules. As grain is processed and allowed to cool, starch hardens, this occurs because
porosity of the internal starch availability. Sindt et al. (2006) measured available starch
within whole flakes on the day of processing and the day following. Twenty-five g of
whole flakes were placed in 100 mL of 2.5% (wt/vol) amyloglucosidase enzyme solution
for 15 m and reading soluble percentage on refractometer, available starch percentage
decreased from 56.4 to 54.7. This decrease, although small, is likely due to

retrogradation.

Optimizing Flake Density in Feedlot Cattle
Flake density (FD) will impact availability of starch as well as digestion. As

grain is more extensively processed, decreasing density, more starch is made available to
the animal. Sindt et al. (2006) compared corn flaked to 360 and 310 g/L. Awvailable
starch percentage was increased when flaking to 310 g/L. The increase in available
starch did not improve cattle performance or carcass quality. Zinn, (1990b) evaluated
three flake densities 300, 360, and 420 g/L and effects on site and extent of digestion. A
linear increase in total tract digestion of OM, starch, and DE Mcal/kg as flake density
was decreased. Fecal starch concentration increased as FD increased. Swingle et al.
(1999) evaluated four flake densities of sorghum grain and effects on cattle performance
fed throughout feeding period. Flake densities were 412, 360, 309, and 257 g/L
respectively. The authors observed linear reductions in final weight, DMI, ADG, and
HCW as FD was decreased. A quadratic response was observed in HCW, feed

conversion, NEm, and NEg. The quadratic response was driven my the 360 g/L



treatment improving cattle performance and decreasing processing costs compared to
lighter flake densities.

Plascencia and Zinn, (1996) evaluated corn flaked to 390, 320, and 260 g/L vs.
DRC in lactating dairy cows. Cows fed steam flaked grain had reductions in acetate and
methane production vs. DRC counterparts. However, ruminal propionate production was
increased in cattle fed SFC. As flake density increased a linear reduction in acetate,
butyrate, and methane production was observed in lactating cows. A linear increase in
propionate production was observed in cows as FD was decreased. Milk fat and milk
protein were decreased as the flake density decreased.

Theurer et al. (1999) evaluated sorghum flaked to 257, 333, and 386 g/L
respectively.  As FD increased, cattle consumed less feed daily, but there were no
differences in cattle ADG or feed efficiency. Plascencia et al. (1996) evaluated corn
flaked at 260, 320, and 390 g/L respectivley. Ruminal acetate and butyrate decreased as
FD was decreased; but propionate production increased as FD was decreased. Increased
propionate production decreased methane production. Reinhardt et al. (1997) steam-
flaked sorghum at 283, 322, and 361 g/L, and evaluated flake densities effects on cattle
performance, mill production, and subacute acidosis. As FD was ADG, DMI, and
dressing percent increased. The authors also noted that feed efficiency and marbling
score had a linear tendency to improve as FD increased. As FD was increased mill
production rate was improved. Ruminal pH was lower in animals fed flakes that were
more extensively processed. Xiong et al. (1991), flaked sorghum at 437, 360 and 283 g/L
and evaluated effects on cattle performance in feedlot steers. Average daily gain was not
affected by FD. Dry matter intake and feed conversion decreased as grain was processed
to lighter flake weights. Animals grading Choice and USDA yield grade decreased as FD
decreased. Brown et al. (2000) compared DRC to SFC flaked at 360 or 260 g/L
respectively. Total electrical and natural gas costs for DRC, 360 g/L and 260 g/L flakes
were 0.46, 4.88, and 6.19 $/metric ton of DM. DMI of cattle decreased as grain was
further processed. Cattle fed 360 g/L improved ADG, feed efficiency, and HCW wvs.

other processing methods.
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Use of High-moisture Corn in Feedlot Diets
Mader and Erickson, 2006 describes the process of high moisture corn. Optimum

corn moisture for ensiling would be between 28-33%. Ensiling grain at higher moisture
content allow producers to harvest corn earlier. If the corn is not properly ensiled
spoilage can be problematic. Ensiled HMC is commonly stored in upright storage
facilities, anaerobic bags, and covered pits. Grain used for HMC is commonly ensiled
whole, ground, or rolled. The fermentation process requires approximately 21 days.

Goodrich et al. (1975) compared high-moisture corn ensiled as whole grain or
rolled fed to finishing cattle. Corn moisture at ensiling was also compared at harvest or
reconstituting dry grain with water; moisture was added to dry grain at 21.5, 27.5, and
33.1% respectively. Cattle fed rolled HMC had a lower ruminal pH and ethanol
production than cattle fed whole HMC. Ruminal acetate, butyrate, and lactate were lower
for cattle fed whole grain vs. rolled in ensiled samples. Catle fed corn ensiled at harvest
vs. corn reconstituted decreased ruminal pH, increased butyrate and lactate
concentrations. As moisture content of grain fed to cattle was increased, ruminal pH
decreased. Additionally cattle fed HMC at high moisture content increased ruminal
production acetate, butyrate, lactate and ethanol. Mader et al. (1991) evaluated whole dry
corn in comparison with high-moisture whole, ground, or rolled in finishing diets.
Ensiling methods were evaluated, as well as time of grain processing. Grain processing
was done either at ensiling or prior to feeding. Cattle fed dry or high-moisture whole
corn increased ADG and DMI compared to ground HMC, rolled HMC, and a mixture of
whole and ground HMC. Feed conversion was least efficient when grinding HMC; rolled
HMC was more efficient than ground HMC. Cattle consuming ground HMC also yielded
lower quality grade than rolled HMC. The cattle fed the mixture of whole and rolled
HMC vyielded the lowest quality grade among treatments evaluated.

Braman et al. (1973) evaluated HMC in finishing diets containing four CP levels.
Crude protein levels were approximately 11, 13, 15, or 17% respectively. Percentage
was met using soybean meal or urea. Cattle fed urea had lower ADG compared to those
fed soybean meal, but efficiency was similar among treatments. Cattle fed soybean meal

had fewer days on feed but similar HCW to cattle fed urea.
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Stock et al. (1991) evaluated HMC compared to DRC and mixtures of whole
high-moisture corn and ground sorghum in finishing diets. Comparisons were also made
regarding the manner in which HMC was ensiled, either in silo bag or bunker, no
differences in cattle performance were attributed to the method of ensiling. Stock et al.
(1987a) evaluated HMC with several combinations of DRC or dry whole corn in
finishing diets. Adding dry whole corn or DRC to HMC up to 67% improved feed
efficiency and ADG of cattle. The authors noted that feeding grain ingredients that are
rapidly fermented within the rumen with those that are fermented at a slower rate may
improve total tract starch digestion. Stock et al. (1987b) evaluated the use of HMC with
combinations of DRC and dry-rolled grain sorghum. Cattle had positive associative
effects when HMC was fed in combination with dry-rolled sorghum and DRC. These
associative effects were evident in feed efficiency of cattle, with no depression in ADG.
Archibeque et al. (2006) evaluated the comparison of DRC and HMC in beef finishing
diets. There observations yielded no significant differences in the animal’s responses to
DMI, G:F, or ADG respectively. The authors noted although no significant differences
were observed, modest reductions in DMI, feed conversion and daily gain were observed
when cattle were fed HMC compared to DRC. Reductions in fecal starch for cattle fed
HMC compared to DRC were observed. The authors noted reducing fecal starch in fresh
manure in cattle fed HMC reduced VFA concentration in the manure and reduced
odorous compounds within the manure compared to cattle fed DRC.
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Ethanol Production

Ethanol production has been around for the better part of 100 years. Early
automakers like Henry Ford made it possible to use gasoline or ethanol. This was made
possible with an adjustment of the cars carburetor. Henry Ford in the 1920’s predicted
that ethanol production from corn and other plant sources was going to be the future of
the fuel industry. During that time, there was an abundance of oil and gasoline
production, which was cheaper to produce than ethanol (Kovarick 1998). In the 1970’s
there was an increase in oil price due to the Middle East disrupting domestic supply.
There was also a federal mandate to remove lead from gas during this time period. At
that time ethanol plants were not efficient enough in converting corn to ethanol cost
effectively. The high energy costs involved with ethanol production ended this short
boom in the industry.

In recent years, ethanol production has increased because of many factors. The
first being the Unites States dependence on foreign oil; 62% of oil consumed in this
country is imported. The U.S. has little control over oil price, and producing ethanol
domestically from a renewable source has the potential to lessen our oil dependence.
Technological advancements in ethanol production have made the process more efficient.
The clean air act of 1990 mandated the use of oxygenated fuels such as ethanol. Using
ethanol boosts the octane of gasoline alone and it burns cleaner in combustion engines
(Dipardo 2000). The amount of energy needed to produce ethanol today is 50% less than
what was required in the late 1970’s (Bothast and Schilcher 2005). The Renewable Fuels
Association (2007) listed the ethanol plants in current production and those under
construction; current ethanol production is 5,912.4 million gallons per year (mgy).
Ethanol plants under construction or expansion would add another 6,604.9 mgy, this
would be a total U.S. production of 12,517.3 mgy of ethanol. The United States is the
number one producer of ethanol worldwide, and ethanol production in the U.S. has
increased every year since 1980. (U.S. ethanol production by year is shown in figure 1;
ethanol production per country is found in table 1).

Approximately 33% of ethanol production comes by way of the wet milling

process. Ethanol production via wet milling is more expensive because more equipment
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is needed compared to dry milling. Wet milling also requires more energy for the
production of ethanol compared to dry milling. The wet milling process first allows corn
or blends of grains to steep. After the corn is steeped the grain is separated into starch,
fiber, gluten, and germ. The germ is removed from the kernel. The corn germ is then
pressed and corn oil is extracted. The remaining germ meal is combined with fiber and
the hull to form corn gluten meal. A starch solution is then extracted from the solids and
fermentable sugars are produced. These sugars are fermented to form alcohol. The water
and alcohol are distilled to remove excess water. Approximately 2.5 gallons of ethanol
can be produced from one bushel of corn via the wet milling process. The wet milling
production process is further is outlined in figure 2. In either process, the ethanol is
added to a gasoline mixture to make the alcohol undrinkable and for use only as a
combustible energy source. Because of this, addition of gasoline to the ethanol process
does not incur any state or federal alcohol tax (Bothast and Schilcher 2005).

Dry milling is much different than the wet milling process. Today, dry milling is
responsible for 67% of ethanol produced in the United Sates. Corn is first ground using a
hammer mill and then placed in a jet cooker and cooked. After cooking, enzymes and
liquid are added to the product and starch is converted to sugar. Yeast is added to the
cooked mash and fermented, expelling CO, (48-72 h). After fermentation ethanol and
solids are found in the mixture. The mixture is then distilled, separating alcohol from the
solid portion of the mash. In both wet milling and dry milling, ethanol that is distilled
produces an alcohol that is 95% pure. This liquid is then dehydrated to remove the
remaining 5% of water. Dry milling distillation produces a by-product known as
distiller’s grains (DG). The distiller’s grains can be sold as a wet product, i.e. wet
distiller’s grains (WDG) or dried and sold as dry distiller’s grains (DDG).
Approximately 2.8 gallons of ethanol can be produced from one bushel of corn via the
dry milling process. Ethanol production by dry milling process is outlined in figure 3
(Bothast and Shaver 2005).

Use of Ethanol By-Products in Beef Diets
Variability in ethanol by-products is a concern in formulating beef diets that

include distiller’s grains wet or dry. Spiehs et al. (2002) evaluated dry distiller’s grains

with solubles in 10 total plants in MN and SD. Plants were less than 5 year old, and
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sampled every two months between 1997 and 1999. Means and coefficient of variation
were calculated on DM, CP, crude fat, crude fiber, ash, ADF, NDF, Ca, and P; values
were: 88.9 and 1.7, 30.2 and 6.4, 10.9 and 7.8, 8.8 and 8.7, 5.8 and 14.7, 16.2 and 28.4,
42.1 and 14.3, 0.06 and 57.2, and 0.89 and 11.7 percent, respectively. The coefficient of
variation calculated on the distiller’s grains products underscores the large variation with
the product from plant to plant.

DePeters et al. (1996) evaluated the composition of several by-products. The by-
products evaluated were beet pulp, rice bran, almond hulls, citrus pulp, bakery waste,
wheat mill run, brewer’s grain, distiller’s grain, and soy hulls. The feedstuffs were
incubated within the rumen for 72 h within digestion bags. Neutral detergent fiber and
crude protein for distiller’s grains following incubation were 14.5% higher than any of
the other by-product evaluated. Batajoo and Shaver (1998) evaluated ruminal
availabilities of DM, CP, and starch for barley, shelled corn, soybean meal, brewers dried
grains, corn gluten feed, distiller’s dried grains, soybean hulls, and wheat middling’s.
Dacron bags were used for estimates over a 72 h period. Dry distiller’s grains ruminal
availability of DM, CP, and starch were 58.3, 39.6 and 85.5% respectively. Their rank
among the other feedstuffs evaluated in each the categories of DM, CP and starch were
3" 8™ and 2" respectively.

Corn and sorghum grains are commonly used for the production of ethanol.
Lodge et al. (1997a) compared sorghum WDG, sorghum WDG with solubles, sorghum
DDG, and sorghum DDG with solubles, (all feedstuffs fed at 40% DM), in diets
containing DRC. Dry matter intake and ADG were not different among treatments. Feed
efficiencies were similar for cattle not consuming distiller’s grains and cattle fed sorghum
WDG, sorghum WDG plus solubles. Cattle fed sorghum DDG plus solubles decreased
feed efficiency compared to animals not fed distiller’s grains. Additionally, the authors
completed a metabolism trial comparing corn WDG to sorghum WDG, sorghum DDG
plus solubles, and corn DDG with solubles; by-products replaced all grain in diets.
Apparent OM digestibility, apparent nitrogen, and true nitrogen were greater for corn
WDG vs. sorghum WDG. Apparent OM digestibility, apparent nitrogen, and true
nitrogen was greater in cattle fed sorghum DDG was greater than corn DDG. Al-
Suwaiegh et al. (2002) fed sorghum WDG to corn WDG in DRC beef diets. Wet
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distiller’s grains of corn or sorghum improved ADG, G:F, HCW, and fat thickness over
the 12" rib compared to cattle not consuming distiller’s grains. Cattle fed sorghum WDG
had higher DMI compared to cattle fed corn WDG.

Comparing wet to dry distiller’s grains is important as drying could affect protein
availability. Larson et al. (1993) added corn WDG to finishing diets containing DRC.
Distiller’s grains were fed at 5.2, 12.6, and 40.0% DM respectively. In yearling cattle
and calf fed cattle, ADG and G:F were improved as WDG level increased in the diet. In
calf fed steers, HCW and quality grade were improved as WDG increased in the diet.
Firkins et al. (1985) compared distiller’s grains wet and dry in a metabolism study.
Evaluations were made on dry matter disappearance, digestion as well as ruminant
performance. Dry matter disappearance was not different between wet and dry distiller’s
grains. Digestion means for N, DM, and NDF were similar between wet and dry
distiller’s grains. Adding WDG at levels of 0, 25, and 50% to diets containing HMC had
a linear improvement ADG and F:G. Adding 17.4% DDG as a replacement of soybean
meal in the diet improved ADG and F:G over cattle not fed DDG in finishing cattle.

Lodge et al. (1997b) evaluated DDG, wet corn gluten feed, and a composite
feedstuff similar to WDG with a basal grain source of DRC beef and lamb finishing diets.
Concentrations of each by-product were 40% diet DM. Average daily gain, G:F, and
DMI were similar for lambs not fed by-product compared to DDG and composite
treatment groups. In the cattle trial, composite cattle consumed less feed daily, with
similar ADG, and improved feed efficiency compared to other treatments. Klopfenstein
(1996) compared the use of WDG and DDG both containing solubles in DRC diets in
beef finishing diets. Evaluations were made up to 40% diet DM. Average daily gain
increased linearly as WDG was increased in the diet. Dry matter intake decreased in
cattle fed WDG when compared to cattle not consuming distiller’s grains, and cattle fed
DDG. Cattle fed distiller’s grains wet or dry had improvements in ADG and F:G
compared to cattle not fed distiller’s grains. Wet distiller’s grains fed to cattle had the
best feed conversion compared to other treatment groups.

Peter et al. (2000) evaluated the use of DDG, dried corn gluten feed, and modified
corn fiber with DRC as grain source in beef diets. Daily gain and feed efficiency were

improved with cattle consuming DDG and dried corn gluten feed compared to other
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treatment groups. Adding DDG to the diet increased ruminal pH compared to cattle not
consuming any by-products. Ruminal acetate and butyrate productions were increased in
cattle when distiller’s grains were included in the diet. Roeber et al. (2005) evaluated the
effects of distiller’s grains wet or dry and effects on meat quality. Steers were fed 0, 10,
12.5, 20, 25, 40 and 50% DM, of either wet or dry distiller’s grains. Meat tenderness was
not different among treatments. Cattle fed distiller’s grains greater than 40% decreased
meat shelf life, and meat color stability of strip loins. Feeding distiller’s grains between
10 and 25% did not affect color stability or palatability of steaks.

Reed et al. (2006) evaluated the use of corn DDG with solubles supplemented to
calves in creep feeders grazing native pasture. They evaluated the effects on intake,
microbial protein synthesis, microbial efficiency, ruminal fermentation, digestion, and
performance of nursing calves. Calves that were supplemented corn DDG with solubles
had lower AP ratios; additionally more ruminal butyrate was produced. Isobutyrate and
isovalerate were decreased when feeding distiller’s grains. Calves fed corn DDG with
solubles consumed a lower percentage of BW than cattle not fed distiller’s grains.
Decreases in DMI did not affect cattle performance, as both groups had similar ADG and
feed efficiencies. Birkelo et al. (2004) evaluated the use of 30% corn WDG in dairy
cattle diets. Body weight, DMI, and milk protein, were decreased with the addition of
WDG. Milk fat percent was increased when cows were fed WDG. Nitrogen intake and
urine N were increased in cows fed WDG compared to cows not fed WDG. Fecal N, and
milk N were lower for cows fed WDG compared to cows not fed WDG. Adding WDG
to dairy cow diets increased gross energy, digestible energy, ME and subsequently
increased NE; compared to cows not fed WDG.

Gilbery et al. (2006) evaluated corn condensed distiller’s solubles (CCDS) as a
protein source to cattle fed poor quality hay; CCDS levels were 0, 5, 10 or 15% diet DM.
A linear increase was observed in OM intkae, total duodenal OM flow, microbial, non
microbial flow, and fecal OM flow was observed as CCDS was added to the diet.
Likewise, a linear increase in duodenal CP flow: microbial, total CP and fecal CP output
increased as CCDS increased in dietary percentages. Total tract digestibility was
increased as CCDS was added to the diet. Rust et al. (1990) evaluated the use of CCDS

as an energy source in feedlot steers. The cattle consumed the CCDS as: grain soaked in
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CDDS; CCDS added to water or free choice CCDS (not allowed free choice water). Dry
matter intake and ADG were not different among treatment. Feed efficiency was
improved in free choice vs. control groups. Metabolizable energy was also increased in
free choice supplement of CCDS compared to the control treatment not fed CCDS.
Ruminal butyrate concentrations were increased in the cattle fed corn that was soaked in
CCDS compared to other treatment groups.

Fron et al. (1996) evaluated the use of CCDS in DRC diets and effects on rumen
microbiology and metabolism. They found levels of lactic acid in higher amounts in by-
products compared to grain. Adding CCDS to diets increased cultural lactilytic bacteria
and amylolytic bacteria. Total protozoa counts decreased with the addition of CCDS.
The authors noted that adding CCDS early in the feeding phase may allow bacteria to

utilize levels of lactic acid.
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Dietary Roughage Level in Beef Finishing Diets

Owens et al. (1998) evaluated the causes and preventions of subacute and acute
acidosis in beef animals. Subacute acidosis is described when ruminal pH is between 5.0
and 5.6; acute acidosis is defined when ruminal pH falls below 5.0. Common symptoms
of acidosis would include: depression in feed intake, reductions in animal performance,
and in severe cases death. Excessive consumption of rapidly fermentable carbohydrates
commonly occurs when animals are transitioning from a bulk fill to a chemostatic fill, or
in adaptation to high-concentrate diets. Increasing roughage in diets is one method for
alleviating acidosis by increasing chewing time and therefore increasing saliva
production. With an increase in saliva, buffers within saliva help to maintain ruminal pH.
Adding ethanol by-products could conceivably be valuable in high concentrate diets
because starch is extracted during fermentation process and the fiber content is increased.
Nagaraja and Titgemeyer (2007) discussed the important role protozoa have in acidosis.
Protozoa are very sensitive to fluctuations in ruminal pH, and in many cases, in finishing
diets low concentrations or complete elimination of protozoa have been observed.
Ciliated protozoa are able to metabolize starch as well as lactate, but may not be effective
if those populations of protozoa are removed because of low ruminal pH, commonly
observed in cattle consuming high concentrate diets. Kreikemeier et al. (1990) evaluated
steam-flaked wheat to finishing diets containing 0, 5, 10, or 15% roughage (50:50 blend
alfalfa hay and corn silage) in beef finishing diets. Dry matter intake of cattle was
increased as roughage level was increased in diet. A quadratic response was observed in
ADG, F:G, and HCW of cattle. Roughage in the diet improved cattle performance at 5
and 10% compared to cattle fed 0 and 15% respectively.

Loerch (1991) fed steers diets containing either 85 or 100 percent concentrate.
Plastic pot scrubbers were placed in animals as a replacement for roughage.
Performance of animals with 100% concentrate and pot scrubbers was similar to animals
fed 85% concentrate diet with 15% corn silage. Dry matter intake decreased in animals
with pot scrubbers vs. those without scrubbers in one trial, with no difference in the
following two trials. Feed conversion was improved in the first trial in animals with pot

scrubbers vs. other groups, but was not repeated in subsequent trials. Increasing the
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number of scrubbers did not increase ruminal pH. Adding scrubbers to the rumen of
steers did not decrease the number of animals with liver abscesses.

Zinn et al. (1994) evaluated roughage level and the use of monensin. Cattle were
fed 10 or 20% dietary roughage with or without monensin (28 mg/kg). Steers fed 10%
roughage improved ADG, feed efficiency, NEm and NEg compared to cattle fed 20%
roughage. Dry matter intake decreased in cattle consuming 10% roughage compared to
those fed 20% roughage. Increasing roughage level to 20% decreased total tract OM
digestion, DE, and ME of cattle. Fecal excretion of ADF and OM were greater when
cattle were consuming 20% roughage. Decreasing dietary roughage to 10% increased
ruminal production of propionate and valerate and decreased AP ratio. Methane
production was also decreased for cattle fed 10% roughage. Stock et al. (1990) evaluated
DRC, sorghum, wheat, and HMC with decreasing roughage levels in the diet and
interactions with monensin in finishing diets. Reducing dietary roughage levels
improved feed efficiency of the cattle. Rapidly fermentable grains (wheat and HMC)
decreased ADG of cattle with the reduction of roughage. Grain type did affect intake of
animals with similar dietary roughage levels. An increase in liver abscess was not
observed as cattle were fed tylosin. The authors stated optimum roughage level in feedlot
diets would be between 3 and 7.5 % DM.

Theurer et al. (1999) evaluated roughage type with steam-flaked sorghum in beef
finishing diets. Diets all included 6% alfalfa hay, cottonseed hulls and wheat straw were
added so that all diets contained 17% NDF. Alfalfa hay diet included an additional 6%,
cottonseed hulls diet added 2.8%, and wheat straw diet added 3.7% DM respectively.
Cattle fed the all alfalfa hay diet converted more efficiently compared to cattle fed the
cottonseed hulls and wheat straw treatments, with no difference on DMI or ADG. Defoor
et al. (2002) evaluated alfalfa hay, cottonseed hulls, Sudan hay, wheat straw and Sudan
silage in a series of finishing trials; roughage levels varied from 2.5% to 15% in
experiments. Their experiments resulted in high concentrate diets containing roughage
sources with high NDF values maybe more valuable in finishing diets. More fibrous
roughage sources can be fed at lower percentages of the diet, having similar effects on
performance. The animal is able to consume more feed; and therefore increase NEg

values.
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Loerch and Fluharty (1998) compared diets containing HMC as energy source
and 0, or 15% corn silage DM, in finishing diets, fed in either the growing phase or
finishing phase. Feed efficiency was improved for O vs. 15%; NEm and NEg were
greater in diets containing no roughage. Condemned livers increased with absence of
roughage. Parsons et al. (2007) evaluated the use of corn gluten feed as a partial
replacement of roughage. Wet corn gluten feed was included at 40% diet DM, and three
levels of roughage: 9, 4.5 and 0 % alfalfa hay. As dietary roughage level was decreased
linear reductions were observed in DMI, ADG, HCW and final weight. Feed efficiencies

were similar among treatments.
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CONCLUSION

As corn is more extensively processed, starch availability and digestion are
improved. Feeding steam-flaked corn vs. dry-rolled corn to beef animals decreases
intake, but improves average daily gain and efficiency. More degradation occurs within
the rumen; as more energy is made available within rumen, microbial growth is more
efficient, increasing microbial nitrogen flow to the small intestine. Less extensive
processing methods will have more starch reach hind gut where microbial growth is
increased and subsequent microbial nitrogen is lost. As flakes are processed to lighter
densities, less available starch is made available to the animal; most steam-flaked corn
studies stated optimum corn flake density to be 360 g/L.

The growth of the ethanol industry has prompted the evaluation as ethanol by-
products in livestock diets. Optimum inclusion percentages in DRC diets have been
reported from 25-40% diet DM. Decreasing roughage from high concentrate diets will
increase energy density within the diet. Increases in liver abscess have been observed
with low roughage diets in the absence of tylosin, as a result of more digestive disorders.
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Figure 1-1. United States Ethanol Production
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Table 1-1.Ethanol Production by Country, million gallons per year

Year

Country 2004 2005 2006

United States 3,535 4,264 4,855
Brazil 3,989 4,227 4,491
China 964 1,004 1,017
India 462 449 502
France 219 240 251
Others 1,601 1,966 2,373
Total 10,770 12,150 13,489

Renewable Fuels Association: http://www.ethanolrfa.org/industry/statistics/
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Figure 1-2. Wet Milling Production of Ethanol
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Figure 1-3. Dry Milling Production of Ethanol
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Figure 1-4. Steam-flaking diagram
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ABSTRACT

The purpose of the experiment was to determine optimum flake density (FD) of steam-
flaked corn in beef finishing diets. Diets consisted of corn flaked to densities of 360,
411, or 462 g/L (i.e., 28, 32 or 36 Ib/bu, respectively). Cattle were randomly allotted to
48 feedlot pens (16 pens per treatment) with 6 to 8 animals in each pen (n=358; initial
BW =337 £ 1.22 kg). Heifers were fed once daily for 115 d. There were no significant
differences DMI, ADG, efficiency, carcass weight, dressing percent, quality grade,
average yield grade, fat over the 12" rib, and kidney pelvic and heart fat (P > 0.10).
Cattle performance was numerically decreased when FD was increased above 360 g/L.
Mill efficiency was improved as density of flaked grain increased (P < 0.01), and was
driven primarily by increases in mill throughput. Particle size of processed corn and the
complete diet particle size increased as FD increased above 360 g/L (P < 0.01).
Percentage of available starch of flakes was decreased as flake density increased (P <
0.01). The increase in mill production would support increasing FD; however decreases
in animal performance, though small, may offset economic benefits attributed to greater
mill capacity.

Key Words: Steam-flaked corn, Flake Density, Feedlot
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INTRODUCTION

As energy costs increase, especially natural gas, the cost to produce steam-flaked
grain has increased. Flaking grain to higher densities can increase mill throughput, and in
so doing so use less energy. Reinhardt et al. (1997) found when increasing steam-flaked
sorghum from 283, 322 and 361 g/L (i.e., 22, 25, and 28 Ib/bu) that cattle fed the 361 g/L
flake diet had the greatest ADG and feed efficiency. Production of the 361 g/L also
improved mill efficiency linearly. Production rate was improved increasing flake
production per unit of time, therefore decreasing overall cost of production. Xiong et al.
(1991) saw that as sorghum flake density (FD) was increased from 283, 360, and 437 g/L
(i.e., 22, 28, and 34 Ib/bu) the amount of starch found in feces increased as FD increased.
Likewise fecal pH was higher for cattle fed grain processed to heavier flake weights.
Electrical expenditure, kwh per 1,000 kg for each density 283, 360 and 437 g/L were 4.4,
7.5, and 11.0 respectively. Sindt et al. (2006) flaked two densities 360 or 310 (i.e., 28 or
24 1b/bu) and added 0, 6, or 12% moisture. This study showed no advantage to lower
flake density or increasing pre-conditioning time. A survey including 3.6 million cattle
consulted by 6 feedlot nutritionists, Galyean, (1996) stated steam-flaking grain was the
most common grain processing method U.S. feedlots employ. Production of steam-
flaked to higher density can be economical if satisfactory cattle performance can be
maintained with less extensive grain processing, it would be possible to reduce overall
cost of production.

MATERIALS AND METHODS

The study was conducted in accordance with procedures approved by the Kansas
State University Institutional Animal Care and Use Committee Protocol No.2315. Three-
hundred fifty-eight crossbred-yearling heifers (initial BW = 337 + 1.22 kg) were obtained
and used in a randomized complete block design finishing study. Heifers were fed a
common diet 14 d prior to initiation of study. Heifers were fed a similar diet differing
only in steam-flaked corn density; corn was flaked to 360 (SF28), 411 (SF32), 462
(SF36) g/L respectively. Finishing diets are further described in Table 1. Upon arrival
heifers were processed, identified with uniquely numbered tags in both ears, received

injections of Bovishield-4 and Fortress-7 vaccines, (Pfizer Animal Health, Exton, PA),
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administered Phoenectin pour-on, (Phoenix Scientific Inc., St. Joseph, MO). Heifers
were implanted with 20 mg estradiol and 200 mg trenbolone acetate implant 91 d prior to
slaughter (Revalor 200, Intervet Inc., Millsboro, DE). Heifers were housed in concrete-
surfaced pens (36 m?) with automatic water fountains and 4.2 m of bunk space. Pens
contained 6 to 8 heifers, with 48 pens used for evaluation. Pen weight of animals were
determined immediately prior to shipping to a commercial abattoir. Heifers were offered
ad libitum access to diets delivered once daily for 115 d. Dietary NE, and NEy values
were calculated based on heifer performance (NRC 1984).

Cattle were harvested on d 115 at a commercial abattoir in Emporia, KS, at which
time carcass data were collected. Hot carcass weight and liver abscess scores were
obtained at the time of harvest. Longissimus muscle area, subcutaneous fat thickness
over 12" rib, KPH fat, marbling score, USDA quality grades, and USDA yield grades
were measured following a 24-h chill. Final BW were calculated by dividing carcass
weight by a common dressing percent of 63.5%.

Corn was flaked daily to provide fresh flakes with adequate amounts to meet the
days feed requirements. Corn was conditioned with steam for approximately 45 minutes
to a final temperature of 100° C. Peg feeder and roll setting were adjusted throughout
flaking process to meet desired density and quality.

Flaked-corn samples were collected weekly throughout the trial and analyzed for
DM (forced air oven set at 105° C). Starch availability was determined daily using 25 g
of SFC with 25 mL of amyloglucosidase (Validase GA, Valley Research, South Bend,
IN; 300 enzyme units per mL) at each FD as described by Sindt (2004). Particle size
distribution was measured on flake samples taken daily, and total diet samples taken
weekly throughout experiment (ASAE, 1983) using a Ro-Tap (W. S. Tyler, Mentor, OH)
and seven sieves ranging from 9,500 to 1,180um. Mill throughput was calculated by
measuring the amount of time needed to fill one plastic tote, (1.10 m®, 3028 EXT, Bonar
Plastics, Inc., Littleton, CO) and then weighing tote, full and empty, for each flake
density.

Statistical Analysis
Growth performance, carcass characteristics, mill efficiency, flake particle size

and available starch were analyzed statistically using the Proc GLM procedure of SAS
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(SAS Inst., 2002, Cary NC). The model statement included the effects of treatment. Pen
was the experimental unit. Linear and quadratic contrasts were used to determine
optimum flak density fed to heifers.

RESULTS AND DISCUSSION

Corn flaked to 360 g/L had a higher percentage of flakes remaining on the 9,500
pum sieve plate when compared to the other two densities linear (P < 0.01). The corn
flaked to 360 g/L had more surface area than the other two