CHAPTER 2

Use oF DistiLLers Co-ProbucTs IN Diets FED
10 BEEF CATTLE

Terry J Rlopfenstein, Galen E. Erickson, and Virgil R. Bremer

C onsumers in the United States purchase 64 pounds of beef

per year. That beef is considered “high quality” by interna-
tional standards. In the distant past in the United States, beef was
produced with forages, and it still is in most countries of the world
today. Beef cattle are ruminants and therefore are able to convert
grasses, hays, and crop residues into tasty, nutritious meat. Even
today in the United States, about 80% to 90% of the feed required
to produce “grain-fed” beef is forage. The U.S. beef produced today
is “high quality” because the cattle are fed corn just prior to harvest.
How did feeding corn to cattle develop and what are the conse-
quences of much of that corn being converted to fuel ethanol and its
associated by-products?

Historical Increase in Corn Production

In 1935, 82 million acres of corn were harvested in the United
States, mostly by hand. The average yield was 24.2 bushels per acre,
so the total production was 2 billion bushels. Farms were small, labor
requirements were high, and most farms had several livestock spe-
cies, including some cattle. The national cow herd was about 10
million, and American per capita beef consumption was 51 pounds.
From 1935 to 1945 the United States was engaged in a world war,
which dramatically increased food demand. At the same time, hybrid
seed corn was being produced and sold commercially, and Haber-
Bosch technology was being used to produce nitrogen fertilizer for
corn. By 1950, corn acres had declined but yields had increased to
38.2 bushels per acre, and total production had increased to 2.6 bil-
lion bushels.
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Because of the war effort to produce corn, as well as technologi-
cal developments, corn production exceeded demand. In 1956, the U.S.
government addressed the “farm problem” of too much corn, by encour-
aging farmers to “soil-bank” cropland, paying them not to produce corn.
The same farmers realized that it was profitable, in most cases, to feed the
cheap corn to cattle—marketing the corn through the cattle. Feeding the
corn to beef cattle produced the high-quality beef to which U.S. consum-
ers have since become accustomed. By 1950, the cow herd increased to
16.7 million, and beef consumption increased to 64 pounds per person.

Until 2006, the farm problem was too much corn. The cheap
corn further encouraged cattle feeding, with segmentation of the cattle
feeding into feedlots, separating it from farming. For example, about 3.3
million cattle were fed for harvest (finished) in 1965 in Iowa. Only 3.9%
of the cattle were produced in feedlots of 1,000-head capacity or larger.
By 1980, about 2.7 million cattle were finished in Iowa, and 37.6% were
finished in feedlots of 1,000-head capacity. Over the same period, the
number of cattle finished yearly in Texas increased from 1.1 million
in 1965 to 4.2 million in 1980, with 98.7% in feedlots over 1,000-head
capacity. In 2006, 93.9% of Nebraska cattle were fed in feedlots over
1,000-head capacity, and 38.4%, in feedlots over 16,000-head capacity.
This growth 1n cattle feeding was supported primarily by cheap corn.
Americans are currently consuming 64 pounds per person of high-qual-
ity (1.e., corn-fed) beef.

Corn production has continued to increase so that yield was 149
bushels per acre and total production was 267 million tons (10.5 billion
bushels) in 2006. Because of technological advances, corn production
has increased by nearly 2 bushels per acre each year since 1960. With
the growth of the ethanol industry, the demand for corn has increased.
During the last half of 2006, the corn price increased from about $2 per
bushel to above $4 per bushel. With more acres planted to corn and good
yields, the price of corn in 2007 declined to a range of $3.00 to $3.75
per bushel. However, the price increased to $6 per bushel in early 2008.
Therefore, the cattle industry is faced with the prospect of producing
cattle under the constraints of high corn prices after sixty years of “cheap
corn.” And the farm problem has changed from too much corn to a de-
bate about food versus fuel.
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Protein Supplements for Feedlot Cattle

The nutrition of cattle has been well researched, and advances
have increased production efficiency and reduced costs of production. Re-
search determined that cattle needed supplemental protein to complement
the energy in grains and lower-protein forages. Several by-products were
used for this purpose: soybean meal, cottonseed meal, tankage, and distill-
ers grains from the beverage alcohol industry. With the development of
the Haber-Bosch process for producing ammonia, it became commercially
feasible to produce urea. It was determined that urea could be used as a
protein substitute for ruminants. Protein supplements cost cattle feeders 2
to 2.5 times the price of corn. This is the reason urea was used widely—it
supplied protein (nitrogen) less expensively than did protein supplements
such as soybean meal. Beef cattle nutritionists formulated diets as econom-
ically as possible and generally believed that energy was cheap and protein
was expensive.

With the use of corn for production of ethanol, the resulting by-
product, distillers grains, became readily available for cattle feeders. When
corn is used to produce ethanol, the starch in the corn is fermented into
ethanol, and the distillers grains are the unfermented materials remain-
ing—fiber, protein, and fat. Corn is about two-thirds starch, so when
starch 1s removed (fermented), the remaining nutrients are concentrated in
the distillers grains by a factor of three. Corn has about 10% protein while
distillers grains contain about 30%. Therefore, corn, primarily a source of
energy (starch), is converted into a protein source. With more corn used
for ethanol, more distillers grains are produced. Because of supply and
demand, the distillers grains are generally not more expensive than corn.
Therefore, producers have turned to distillers grains as an energy source
for feed. This is a major paradigm shift for cattle nutritionists and cattle
feeders. Protein is no longer more expensive than energy. In fact, because
energy in corn is being used for fuel, the large supply of energy for live-
stock has decreased and has been replaced by a large supply of protein.

Cereal grains have been fermented to produce beverage alcohol for
centuries. By the late nineteenth century, the resulting by-product, distillers
dried grains with solubles (DDGS), was being used as a feedstuft’ (Henry,
1900). Morrison (1939) and Garrigus and Good (1942) refer to a liquid
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form of the by-product supplied to beef cattle as “distillers slop.” Individu-
als involved in the beverage distilling industry formed the Distillers Feed
Research Council in 1945 to “expand the, then, meager knowledge avail-
able on the nutrient composition of distillers feeds and to better under-
stand how these feeds would be best used in a variety of livestock feeding
systems.” The Distillers Feed Research Council was replaced in 1997 with
the Distillers Grains Technology Council (Louisville, KY). Both of these
organizations have held annual conferences, and the proceedings contain a
wealth of information about the traditional uses of DDGS.

Stock et al. (2000) described the dry milling process whereby grain,
mainly corn, is fermented to produce ethanol. Again, about two-thirds of
corn is starch, which is the component that is fermented into ethanol in the
dry milling process. The remaining nutrients are recovered in the stillage,
and water 1s removed to produce DDGS. Protein increases from about
10% to 30%, fat from 4% to 12%, neutral detergent fiber (NDF) from
10% to 30%, and phosphorus from 0.3% to 0.9% of dry matter.

Because of the increased concentration of protein in the DDGS
compared to corn, the DDGS were used primarily as a protein source
(Klopfenstein et al., 1978). Aines, Klopfenstein, and Stock (1987) reviewed
reports on rumen protein escape values of DDGS and found them to be
variable, likely because of the measurement technique. Average protein
escape values for DDGS were 2.6 times greater than those for soybean
meal, and values for dry distillers grains minus solubles were 2.3 times
greater than those for soybean meal. Klopfenstein et al. (1978) used the
slope ratio technique in growth studies to determine protein values rela-
tive to soybean meal. Aines, Klopfenstein, and Stock summarized several
experiments showing 2.4 times the value of distillers dried grains protein
compared to that from soybean meal, and DDGS had 1.8 times the value
of soybean meal. DeHaan et al. (1982) observed that distillers solubles had
0.45 times the escape protein of soybean protein. One might expect that
the protein in distillers solubles would be completely rumen degradable,
especially when distillers solubles are produced by centrifugation, which
would remove most grain particles. However, much of the protein in dis-
tillers solubles 1s composed of yeast cells, which have been heated during
distillation and concentration. In their experiment, Bruning and Yokoyama
(1988) showed that heat denatured the yeast cells, rendering them resis-
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tant to lysis and microbial degradation. Herold (1999) showed only 20%
protein degradation in the rumen of wet milled distillers solubles, which
contained mostly yeast cells. Therefore, some escape of protein in distillers
solubles from dry milling should be expected.

In addition to protein, NDF is concentrated in DDGS compared
to corn and comprises most of the carbohydrate in distillers grains with
solubles (DGS). Quicke et al. (1959) found high in vitro digestion of cel-
lulose in corn fiber. DeHaan, Klopfenstein, and Stock (1983) demonstrated
that corn bran (corn grain pericarp) is primarily NDF (69%) and that the
NDF has a high extent (87%) and rate (6.2%/h) of digestion. Sayer (2004)
reported similar extents of corn bran NDF digestion (79% to 84%) in situ
in fistulated cattle fed finishing diets. Rates of digestion of NDF in these
finishing diets were less (1.7% to 2.1%/h) than those reported by DeHaan,
Klopfenstein, and Stock, likely because of relatively low ruminal pH in the
finishing diets.

Distillers Grains in Feedlot Diets

Wet Distillers Grains with Solubles

Perhaps the first study designed to include DGS as an energy source was
conducted by Farlin (1981). He fed wet distillers grains without solubles,
replacing 25%, 50%, and 75% of the corn in a finishing diet. Even though
the perceived energy nutrient (starch) in corn had been removed, the
resulting by-product actually had more energy per pound than the corn it
replaced. Firkins, Berger, and Fahey (1985) and Trenkle (1996, 1997, 2008)
found similar results with wet distillers grains with solubles (WDGS).

Larson et al. (1993) conducted a series of experiments designed to eval-
uate WDGS fed as a protein source or as an energy source. The hypothesis
was that locating an ethanol plant adjacent to a feedlot would allow feeding
of the product wet, eliminating the necessity of drying the by-product. The
WDGS were fed at 5.2% and 12.6% of diet dry matter to supply metabo-
lizable protein or crude protein needs, and at 40% of the diet (dry matter
basis) to supply protein and replace corn in the diet as an energy source. At
the 40% level, feed efficiency of the diet was increased 14% compared to
the corn control (Table 2.1). Assuming the increase in efficiency was due to
WDGS, the WDGS had 35% greater feeding value than corn.
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Vander Pol et al. (2006) fed 0%, 10%, 20%, 30%, 40%, and 50%
WDGS as a replacement for corn. They found quadratic responses to av-
erage daily gain (ADG) and feed efficiency and a cubic response in feeding
value according to the WDGS level (Table 2.2). Feed efficiency at all levels
of WDGS inclusion was better than the 0% WDGS corn control diet.

Nine experiments conducted in the same feedlot under relatively
similar conditions were used for a meta-analysis (Klopfenstein, Erickson,
and Bremer, 2008). Levels of WDGS replacing dry-rolled corn, high-
moisture corn, or replacing a combination of the two ranged from 5.2%
to 50%. The most common levels were 30% and 40%, and there was only
one comparison at 50%. Experiments had 10 (individually fed) to 50 steers
per treatment, and most had more than 40 steers per treatment. The nine
experiments included 34 treatment means representing 1,257 steers.

There were quadratic responses to ADG and dry matter intake
(DMI) (Table 2.3), with ADG and DMI being maximized at about 30%
WDGS. The quadratic relationship for ADG from feeding WDGS is y =
-0.0005x? + 0.028x + 3.47, where y = ADG in lb and x = percent inclu-
sion in the diet on a dry basis. Therefore, the maximum ADG i1s achieved
at an inclusion of 27.9% of the diet based on these nine experiments. The
feed efficiency of the diet was maximized at 30% to 50% of diet, and the
relationship tended to be quadratic (P<0.09). The equation for a quadratic
response for feed efficiency from feeding WDGS is y = -0.00000093x” +
0.000847x + 0.156, where y = feed efliciency and x = percent inclusion
in the diet on a dry basis. Therefore, feed efficiency is maximized at 45.6%
inclusion of WDGS on a dry matter basis. Feeding values were calculated
from the feed efficiency values and show decreasing feeding value as the
level of WDGS in the diet increased. The feed efficiency values did not de-
crease for the diets at the high inclusion levels but, because of accounting
for inclusion level in the diet, the feeding values decreased with inclusion
level. Because the cattle gained more rapidly when fed WDGS compared
to corn, they were fatter with equal days on feed. Consistent with the qua-
dratic increase in rib fat was a quadratic increase in quality grade.

Distillers Dried Grains with Solubles
Drying of distillers grains is expensive because of the cost of fuel and the
capital investment in equipment. Fuel ethanol is an energy source designed
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to replace fossil fuel (CAST, 2006). Thus, use of fossil fuel for drying is
counterproductive. While many feedlot cattle are located in close proxim-
ity to dry milling plants, many are too far from plants to allow transporta-
tion of the WDGS to feedlots. In those cases, it may be logical and eco-
nomical to produce DDGS to facilitate transportation.

Ham et al. (1994) compared feeding values of DDGS to WDGS in
feedlot diets. The DGS were included at 40% of diet dry matter to replace
corn. The WDGS were produced in a separate plant from the DDGS.
The DDGS were from 11 sources and were combined into composites
based on the content of acid detergent insoluble nitrogen. Cattle fed both
WDGS and DDGS were more efficient than the control, corn-fed cattle
(Table 2.4). Cattle fed WDGS were more efficient than cattle fed DDGS.
The amount of acid detergent insoluble nitrogen did not affect feed efli-
ciency. WDGS contained 47% higher feeding value than corn and DDGS
contained 24% higher value.

Buckner et al. (2008b) conducted a feedlot study comparing 10%,
20%, 30%, and 40% levels of DDGS to a corn control. A trend for a qua-
dratic response was observed for feed efficiency (Table 2.5). The quadratic
response in gain-feed was similar to that found for WDGS by Vander
Pol et al. (2006), but the feed efficiency response was somewhat less, and
optimal inclusion was 20% of diet dry matter. These data were combined
with four other experiments in a meta-analysis (Klopfenstein, Erickson,

Table 2.4. Effect of wet distillers grains with solubles or
distillers dried grains with solubles on finishing cattle

performance
By-product and ADIN level»
DDGS
Item Control WDGS Low? Medium® High* SEM
Average daily gain, IbP< 3.22 3.73  3.66 3.70 3.77 0.26
Dry matter intake, Ib/daye 2423 23.55 2531 25.05 25.86 1.21
Gain/feedbec 0.133  0.158 0.144 0.148  0.145  0.004

Source: Adapted from Ham et al., 1994; all diets contained 40% distillers grains.
aADIN = acid detergent insoluble nitrogen.

bControl vs. WDGS (P < .05).

cControl vs. average of DDGS composites (P < 0.05).

dControl vs. average of DDGS composites (P < 0.10).

eWDGS vs. average of DDGS composites (P < 0.05).
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and Bremer, 2008). The meta-analysis showed a quadratic response in
ADG and a cubic response in feed efficiency as the level of DDGS in the
diet increased from 0% to 40% (Table 2.6). Maximum ADG was at 25.7%
DDGS and maximum feed efficiency was between 10% and 20% DDGS.
Compared to the meta-analysis for WDGS, the inclusion level for maxi-
mum response in feed efficiency was lower for DDGS than for WDGS;
however, the inclusions to maximize ADG were similar. In addition, the
feeding value of DDGS declined from the 20% inclusion level (123%) to
the 40% inclusion level (100%). In contrast, the feeding value of WDGS
at the 20% inclusion level was 142% and it declined to only 131% at the
40% inclusion level. There appears to be an interaction between DDGS
and WDGS in feeding values at different levels of inclusion. At the 20%
level of inclusion, the two types of distillers grains differed in feeding val-
ues by 19 percentage units but differed by about 31 percentage units at the
40% level of dietary inclusion. The biological basis for the interaction of
distillers grains processing method and feeding value is not understood.

Modified Wet Distillers Grains with Solubles

Some ethanol plants are producing a partially dried wet distillers feed called
modified wet distillers grains with solubles MWDGS). The wet grains are
partially dried, which increases dry matter content from about 35% to
42%0—48%. The advantages of MWDGS relative to WDGS are the abil-
ity to add all of the solubles to the wet grains and lower transportation cost.
However, there is the added cost of the partial drying. Because DDGS have
lower feeding value than WDGS, the effect of “partial” drying to produce
MWDGS was studied (Huls et al., 2008). MWDGS were fed at 0% to 50%
of diet dry matter, replacing dry-rolled and high-moisture corn. Cattle ADG
responded quadratically to increasing the level of MWDGS, with the great-
est gains at the 20% inclusion level (Table 2.7). Feeding values decreased
from 123% of corn at 10% inclusion to 109% at 50% inclusion.

A direct comparison of MWDGS to conventional WDGS has not
been made. However, the data of Huls et al. (2008) suggest the feeding val-
ue of MWDGS is less than that of WDGS. In two studies, Trenkle (2007,
2008) also found generally lower feeding values for MWDGS than previ-
ously observed with WDGS. These observations all suggest that partial
drying of MWDGS causes the feeding value to fall somewhere between
those of DDGS and WDGS.



17

Use of Distillers Co-products in Diets Fed to Beef Cattle

‘ollPWS = 005

‘uorsnpout 3onpoid-£q Aq PIPIAIP ‘AU PIIJ JO IDUIIIP A( PAE[NI[ED ‘UI0D 0} JANE[IL IN[EA v
"B/00g “Te 30 KeJ\ PUE 5661 “Te 319 WeL] (GO0 T8 19 uosudg 900 *“Te 19 JowIg qgog e 10 Jousong WOIj SUONEAIISCO UBIW JUIIEIT) PIPN[OUL JIS BIC(] 22410

6L°0 ¢l'0 L0°0 816 Y66 665 Geq 0¥¢ (91095 SUI[qIR

060 16°0 +0°0 106 86°¢ ¥6'G 16'G L8G opeis pPIx

00T LO1 6cl 6Gl 001 v0/p “ONTeA SUIPII |

100 > 600 L00 6S1°0 Gs1o 6G1°0 091°0 6S1'0 poRj/utey

60 10°0> 10°0> 99°¢ GL'E 6L'S 9°¢ e qr ‘ures Ajrecy

89°0 80°0 10°0 61°6¢ 866G 66’66 66'66 (4449 Lep/qq ‘pasy Are(
oqny opeapen(y Jeaury 0¥ 0¢ 0¢ 01 0

onspEIs-) (roneux L1p 321p Jo %) [249] $DAA
SOI)SLI9IOBIBYD SSEIIBD
pue adoueurIolrad aped pajdipaad sis[eue-e)ow SI[QN[OS YIIM SUTEIS PILIP SIIISI(] *9°7 A[qel],



Klopfenstein, Erickson, and Bremer

18

(A1 “1ySrom ss801310Y)8¢00°0 + (% Ve HASIE'0 + (7UT ‘BT IN'T)GE 0 — (UL SSOUsOIY) 18J)C°g + g = 9PeId P 910 A5

0 Irews = 006 ‘06 WSS = 0SH
“TIN( [€103 1940 UTES [£)0) WO] Pore[no[er),

"PIL 0,69 & 01 parsnlpe ySom sseored 101 wodj paremae)p
IN[eA-J JuWLIN JO 199JJ2 dneapenb ) 10 IseNUON),

"9NJeA-J JUSUIEII) JO 1090 TeIUI] O} 10] ISLNUO)q

"SOAMIN %0$=DAN0E ‘SOAMIN %0F =DAN0T ‘SOAMIN
%08 =DAN0E ‘SOAMIN %05 =DAIN0Z ‘SOAMIN %01 =DANO0T ‘SOAMIN %0 =NOD ‘SOAMIN JO (Siseq 1008w AIp) S[PAd] Juouned) AIeI(e

$0°0 69°0 L1°0 ¥9°¢ Y86 16°¢ 56'¢ 16°¢ 89°¢ 59PBIS PRI paremorer)
L6°0 860 z0 Lol Lol 8Gl1 3Gl ¢Gl 8°Gl qUI “BOTE J[ISNUU SNIUISSISUO"
G1ro ¥<0 $0°0 ¥S°0 LSO 390 19°0 LSO LSO ut ey qry ugl
¥ o 01°0 L1 06¥ c0¢ 86 8¢¢ g1¢ 05¢ 1008 Sur(rey
100> 580 ¥ 188 68 906 16 683 6.8 q[ YYSToM ssBOIRD JO|]
mUﬁmC@wUdh@ﬂU mmdUpNU
850 100> GLT0 891°0 0L1°0 691°0 $91°0 191°0 2pa9j/urer)
10°0> §L°0 01°0 69°¢ 18°¢ ¥6°¢ L6°S cLg L9°¢ q[ ‘ures A[rep ogeroay
10°0 §0°0 L0 91 835G ¥ C'$g 16 063 Aep /qp “Ooyeiur onew A1q
100> 580 8¢ 8661 8171 6571 8Fy1 11¥1 C651 q pySrom Apoq Teury
380 360 LT 8L LYL L 8L 6L 8L q[ WySm Lpoq [enmuy
QUDNEMOM.HQHH
-pen(y qur] WAS HAN0S 5DAN0F DAN0E DAN0C DANWOI  NOD

«SI[QN[OS YIIM SUTRIS SII[[ISIP

19M PILIPOUI JO S[IAI] Mﬁnm%.ﬁ.&\r P2J uaym QQ-H.NEuﬁOHhOAH JOIPp93F MGMH—WMGHM 93]S pPIaj-Jren .N..N Iiqe T,



Use of Distillers Co-products in Diets Fed to Beef Cattle 19

Metabolism and Digestion of Distillers Grains

It is a paradox that both DDGS and WDGS appear to have greater feed-
ing values than corn and yet are less digestible because of the NDF in the
distillers grains. Lodge et al. (1997b) attempted to determine the reason for
this apparent paradox. They developed a “composite” distillers grains with
composition as similar as possible to DDGS. The ingredients in the com-
posite were wet corn gluten feed (corn bran and steep liquor), corn gluten
meal, and tallow. The feeding value of the composite when fed at 40% of
diet dry matter was 124% of the corn it replaced (Table 2.8). This feeding
value is comparable to the meta-analysis of WDGS described previously.
When either corn gluten meal or tallow were removed, feed efficiency de-
creased a similar amount numerically, indicating that both the escape pro-
tein in the corn gluten meal and the tallow were equally responsible for the
high feeding value of the composite. It is unlikely but possible that the corn
gluten meal met a metabolizable protein deficiency. The response is more
likely from the greater energetic efficiency of undegradable intake pro-
tein compared to degraded protein or carbohydrates. Certainly the higher
energy value of lipid for ruminants (Zinn, 1989) explains the response to
tallow. Larson et al. (1993) estimated that the undegraded protein and fat in
WDGS would increase the feeding value by about 20% compared to that
of corn. This is less than the value of 30% in the meta-analysis and does
not account for the lower digestibility of NDF in WDGS compared to the
digestibility of starch in corn. Therefore, the paradox remains unexplained.

Metabolism of the lipid in distillers grains is important from an ener-
getic as well as a meat composition standpoint. Vander Pol et al. (2008b)

Table 2.8. Effect of wet grains composite on finishing steer
performance

Treatment?
Item DRC WCGF COMP2 -FAT -CGM SEM
Dry matter 21.50b 20.90be 19.96¢ 20.02¢ 20.79be 1.19
intake, Ib/day
Average daily 2.93 2.87 2.98 291 2.93 0.29
gain, Ib
Gain/feed 0.136P 0.136P 0.149¢ 0.146Pc 0.146Pe 0.023

Source: Adapted from Lodge et al., 1997b.

aWCGF = wet corn gluten feed; COMP2 = wet corn gluten feed, corn gluten meal, and tallow;
-FAT = composite minus tallow; -CGTM = composite minus corn gluten meal.

b, cMeans within a row with unlike superscripts differ (P <.10).
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conducted a feedlot study and a metabolism study to elucidate the role

of lipid in distillers grains. Adding 5% corn oil to the corn control diet
reduced feed efficiency by 10%. Conversely, adding a similar amount of
lipid from WDGS increased feed efficiency by 8%. Fat added as corn oil
was 70% digested while fat added in WDGS was 81% digested. Fatty acid
profiles were measured in duodenal contents (Table 2.9). Unsaturated fatty
acids were higher (30.9% of total fat) in duodenal contents of steers fed
WDGS than in steers fed similar amounts of corn oil (10.8% of total fat).
This suggests that some of the oil in WDGS was protected from rumen
hydrolysis/hydrogenation. Plascencia et al. (2003) showed that fat diges-
tion decreases with hydrogenation. Therefore, these data (Vander Pol et
al., 2008b) are consistent by showing reduced hydrogenation and increased
digestibility of the lipid in WDGS compared to those qualities of free

corn oil. The metabolism data are also consistent with the feeding study

in which the lipid response was positive from WDGS and negative from
oil. This negative influence could be due to the influence of lipid on either
rumen fermentation or fat digestion. Plascencia et al. (2003) reported that
intestinal fatty acid digestion decreased with the level of total fatty acid
intake, regardless of saturation. That might suggest that the declining feed-
ing value of distillers grains as inclusion levels in the diet increase is at least
partially due to declining fatty acid digestion.

Carcass Characteristics and Meat

In the meta-analysis of Klopfenstein, Erickson, and Bremer (2008), cattle
fed WDGS gained more rapidly than the corn-fed cattle. More rapid gains
resulted in greater fat levels because the cattle were fed the same number

Table 2.9. Fatty acid profiles of duodenal fat content of steers
fed wet distillers grains with solubles or supplemental corn oil

Treatment*
Item WDGS CON CON + OIL
Fatty acidsP
16 and 18 C unsaturated 30.9 20.1 18.4
14 to 18 C saturated 64.0 71.7 75.3
Other 5.1 8.2 6.3
Unsaturated:saturated 0.48 0.28 0.24

Source: Adapted from Vander Pol et al., 2008b.

aWDGS = wet distillers grains plus soluble (WDGS) diet, CON = average of control diet and
composite diet, CON + OIL = average of control + corn oil diet and composite + corn oil diet.
bExpressed as proportion of fat reaching the duodenum.
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of days. Marbling scores followed a similar pattern to that of ADG and
fatness. In all three measurements, there was a quadratic response to the
level of WDGS. Maximum ADG, fatness, and marbling were reached at
about 30% of diet dry matter. Gain, fatness, and marbling were less at
50% of diet dry matter compared to 30% inclusion but not different from
the corn control diet. Results were generally similar for the meta-analysis
with DDGS feeding except the optimum was at a lower level of dietary
DDGS inclusion. May et al. (2007a,b), Gordon et al. (2002a), and Sims

et al. (2008) found similar results with steam-flaked corn diets, in that the
degree of fattening and marbling paralleled that of ADG.

Gordon et al. (2002b) fed (153 d) increasing levels of DDGS with
steam-flaked corn and evaluated steaks from the finished cattle. They
found subtle positive differences in steak tenderness with increasing levels
of DDGS as reported by a trained panel, but the researchers concluded
that consumers would likely not detect differences. Steaks were displayed
for seven days, and while redness decreased with time of display, there was
no effect of level of DDGS feeding. Flavors were not affected by the level
of DDGS feeding, and there was also no evidence of off-flavors or lipid
oxidation, even at 75% DDGS in the diet.

Roeber, Gill, and DiCostanzo (2005) evaluated steaks from Holstein
steers fed distillers grains at levels up to 40% and 50% in two experiments.
Feeding distillers grains up to 50% of diet dry matter did not affect tender-
ness or sensory traits. However, the researchers noted a tendency for high
levels of distillers grains feeding to have a negative effect on color during
retail display. Lancaster et al. (2007) fed distillers grains at a relatively low
level (15% of dry matter) and evaluated fatty acids in the resulting meat.
There was no effect of distillers grains on fatty acid composition of the tria-
cylglycerol fraction, but polyunsaturated fatty acids (PUFA) were increased
in the phospholipids fraction. Gill et al. (2008) also evaluated steaks when
distillers grains were fed at 15% of the diet. They found no effects due to
distillers grains feeding on sensory attributes or Warner-Bratzler shear force
values. They found several small changes in proportions of PUFA.

Jenschke et al. (2007) evaluated steaks from the cattle used by Vander
Pol et al. (2006) that were fed 0% to 50% WDGS. The level of WDGS
did not affect off-flavor intensity. Liver-like off flavor was always numeri-
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cally lower in steaks from cattle fed WDGS. Jenschke et al. (2008) showed
that roughage source and type did not affect fatty acid profiles or sensory
properties of meat from steers fed 30% WDGS.

The data of Vander Pol et al. (2008b) show that more unsatu-
rated fatty acids are absorbed from the intestine. De Mello, Jenschke, and
Calkins (2008b) have clearly demonstrated that unsaturated fatty acids
increase in beef fat with feeding of distillers grains. However, this does not
appear to influence marbling observed by USDA graders, as De Mello,
Jenschke, and Calkins (2008a) found that there is no change in the relation-
ship of intramuscular fat content and marbling score in multiple experi-
ments in which 0%, 15%, or 30% WDGS were fed.

The increased level of PUFA in beef from cattle fed DGS is a
bit of a catch-22. Beef fat has been criticized for being saturated, so the
greater PUFA content with DGS feeding makes beef potentially more
“healthy.” Conversely, De Mello, Jenschke, and Calkins (2008c) have
shown that PUFA cause more rapid discoloration of meat in the display
case. Senaratne et al. (in press) have demonstrated that feeding vitamin E
with distillers grains restores the shelf life of the meat. Many factors such
as time 1in the display case, type of packaging, and oxygen content of gas
in packaging will interact with the effect of PUFA from distillers grains
on shelf life of beef. It is not clear at the present time whether there is a
discoloration problem or whether vitamin E feeding is necessary.

Roughage Levels and Sources

Starch 1s removed in the production of ethanol, so when distillers grains
are included in the diet, especially at levels above 20% of dry matter, the
amount of starch in the diet is decreased while fiber, protein, and fat are
increased. This suggests that sub-acute acidosis should be reduced and
roughage (forage) content of the diet could be reduced when distillers
grains are included in diets above 20%. Acidosis control (Krehbiel et al.,
1995) and reduced roughage needs (Farran et al., 2006) have been demon-
strated with corn gluten feed, which has a similar amount of corn fiber to
that in distillers grains. In addition to supplying NDF and reducing starch
in the diet, WDGS add moisture and protein to the diet. The moisture and
physical characteristics (stickiness) aid markedly in palatability and reduce
separation and sorting of less palatable ingredients. The protein in WDGS
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reduces the need for (value of) protein in the roughage. Therefore, less
expensive, lower digestible forages may be acceptable in diets with reason-

ably high levels of WDGS.

A feedlot study tested the response to roughage level and source in
diets containing 30% WDGS (Benton et al., 2007). Alfalfa was used as the
“gold standard” roughage and was fed at 4% and 8% of diet dry matter.
Cornstalks were evaluated at amounts of NDF similar to the alfalfa (3%
and 6% of diet dry matter). Corn silage was included as the third rough-
age source. The theory was that corn silage could be harvested and stored
less expensively as silage compared to harvesting corn and cornstalks
separately, yet it would provide both components. The silage was also
included on an equal NDF basis at 6% and 12% of diet dry matter. An
all-concentrate diet (no roughage) was included as a control. There was a
2- to 3-pound increase in daily DMI due to roughage inclusion while ADG
increased by 0.20 to 0.50 pound (Table 2.10). These increases in DMI and
ADG are typical of those observed in studies evaluating roughage levels in
diets without WDGS (Shain et al., 1999). These data suggest WDGS did
not supply “roughage” even though the by-product supplied NDF. How-
ever, cornstalks were as effective as alfalfa and corn silage in diets contain-
ing WDGS in providing roughage in terms of response in DMI, ADG,
and feed efficiency. This is contrary to the results of Shain et al. (1999)
in which wheat straw fed on an equal NDF basis to alfalfa in dry-rolled
corn diets was not as efficiently utilized as alfalfa. This suggests that the
moisture and protein in WDGS do in fact supply characteristics to the diet
that allow utilization of low-quality roughages that are often less expensive
compared to alfalfa.

Grain Processing

All of the data discussed have evaluated distillers grains in feedlot diets
based on dry-rolled corn or high-moisture corn. Vasconcelos and Galyean
(2007b) put together a very insightful survey of feedlot nutritionists. They
reported that 65.5% of nutritionists surveyed stated that steam flaking was
the most common method of corn processing. This doesn’t mean that 65%
of the corn fed to feedlot cattle is steam-flaked corn, only that 65% of the
nutritionists in their survey responded accordingly. Their publication was
not designed to quantify the amount of steam-flaked corn fed in feedlots.
The total amount of steam-flaked corn may be greater than or less than
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65%. Regardless, steam-flaked corn represents a large proportion of grain
fed to feedlot cattle, especially in the Southern High Plains. Feeding dry-
rolled corn, high-moisture corn, and high levels of distillers grains is more
common in Corn Belt states where many ethanol plants are in production
or under development.

Vander Pol et al. (2008a) fed dry-rolled, steam-flaked, and high-mois-
ture corn with 30% WDGS to finishing cattle. From the meta-analysis, this
30% inclusion level with dry-rolled or high-moisture corn would be opti-
mal for rate and efliciency of gain. Feed efficiency for high-moisture corn
was 4% greater (P= 0.08) than that for dry-rolled corn (Table 2.11). With
each corn at 61% of diet dry matter, the high-moisture corn has 6.5%
higher feed value than dry-rolled corn, which is consistent with data for
these corn products when they are fed with wet corn gluten feed (Macken
et al., 2006). Scott et al. (2003) and Macken et al. (2006) suggested that
steam-flaked corn has 10% to 15% higher feeding value than dry-rolled
corn, the higher values when fed with wet corn gluten feed. However,
Vander Pol et al. (2008a) found similar feed efficiency for cattle fed steam-
flaked and dry-rolled corn when 30% WDGS was included in the diet,
and ADG was significantly decreased for cattle fed steam-flaked compared
to dry-rolled or high-moisture corn. Drouillard et al. (2005) also obtained
less response to the combination of WDGS and steam-flaked corn than

Table 2.11. Performance and carcass characteristics of steers
fed 30% wet distillers grains with solubles and corn from three
different processing methods

SFC HMC DRC SEM F-test
Dry matter intake, Ib/day 20.46f 21.01¢ 22.67¢ 0.22 <0.01
Average daily gain, 1b? 3.59¢ 3.90¢ 4.06¢ 0.07 <0.01
Gain/feed»b 0.176" 0.185¢ 0.179¢f 0.002 <0.01
Fecal starch, %:¢ 4.2f 8.7¢ 12.0¢ 1.3 <0.01
Hot carcass wt, Ib 822f 853¢ 871¢ 7 <0.01
12 Rib fat, in 0.51f 0.58¢ 0.62¢ 0.02 <0.01
Longissimus muscle area, in®  12.60 13.19 13.00 0.20 0.16
Marbling scored 496f 544 ¢ 540¢ 10 <0.01

Source: Adapted from Vander Pol et al., 2008a.

aCalculated from adjusted final body weight.

bCalculated as total feed intake (dry matter basis) divided by total gain.
cPercentage of fecal dry matter.

dWhere 400 = Slight?, 500= SmallC.

efghMeans within a row with unlike superscripts differ (P <0.05).
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expected and suggested the optimal level of WDGS was less than the 30%
level used by Vander Pol et al. (2008a).

Corrigan et al. (2007) evaluated the interaction between level of
WDGS inclusion and grain processing method. WDGS were fed at 0%,
15%, 27.5%, and 40% rates of dry matter in diets consisting of dry-rolled,
high-moisture, or steam-flaked corn (3x4 factorial design). Interactions
for ADG and feed efficiency were observed between level of WDGS and
grain processing type (Figure 2.1). At 0% WDGS, the steam-flaked corn
had 14% greater feeding value than that of dry-rolled corn, which is con-
sistent with Cooper et al. (2002) and Owens et al. (1997). When WDGS
were added to dry-rolled corn, there was a linear increase (P < 0.01) in
feed efficiency such that at 40% inclusion, efficiency was similar to that of
the steam-flaked corn diets. When WDGS was added to the steam-flaked
corn diets, there was no change in feed efficiency. The feeding value for
WDGS in steam-flaked corn diets appears to be equal to that of steam-
flaked corn, which was 14% greater than that of dry-rolled corn in this
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Source: Adapted from Corrigan et al., 2007.

Figure 2.1. Feed efficiency of finishing steers fed differing

levels of wet distillers grains with solubles (WDGS) with
dry-rolled corn (DRC), high-moisture corn (HMC), or
steam-flaked corn (SFC). Linear effect of WDGS level with DRC
(P <0.01), linear effect of WDGS level with HMC (P < 0.05),

and corn processing method by WDGS level interaction (P < 0.01)
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trial. However, WDGS had a 34% higher feeding value than dry-rolled
corn averaged across levels in this trial. The high-moisture corn diet with
0% WDGS gave feed efficiency values similar to those of the steam-flaked
corn diet without WDGS. However, addition of WDGS to high-moisture
corn gave a linear (P < 0.05) improvement in feed efficiency. While this
experiment clearly showed the interaction between WDGS level and grain
type on cattle performance, it certainly did not explain possible mecha-
nisms. The relatively poor response to WDGS in steam-flaked corn diets
has also been shown by May et al. (2007h).

Feeding Value of Sorghum Distillers Grains

While corn is the primary grain used for ethanol production, grain sorghum
has been and continues to be used as a feedstock. The grains have similar
amounts of starch and therefore have similar ethanol yields. Sorghum is
usually less expensive than corn so it 1s an attractive feedstock for ethanol
plants. Lodge et al. (1997a) suggested that sorghum distillers grains had less
feeding value than corn distillers grains. However, their comparison was
somewhat indirect. Al-Suwaiegh et al. (2002) made a direct comparison of
sorghum and corn distillers grains from the same ethanol plant. The two
distillers grains were fed at 30% of the diet with dry-rolled corn. Although
feed efficiency was not significantly different, it favored corn distillers grains
by 3%, giving the WDGS from corn a 10% higher feeding value compared
to WDGS from sorghum. Two additional experiments have been reported
in which sorghum distillers grains were compared to corn distillers grains in
steam-flaked corn diets. Levels of DGS fed were lower than those reported
by Al-Suwaiegh et al. (2002) so the distillers grains were used primarily as a
protein source. In addition, the two types of distillers grains were produced
by different ethanol plants. Vasconcelos et al. (2007¢) reported statistically
similar responses for sorghum and corn distillers grains (0.169 vs. 0.176
gain-feed), but the feeding value of the corn distillers grains was 40%
greater than that of the sorghum distillers grains. Depenbusch et al. (2005)
did not show a significant difference between sorghum and corn distillers
grains (0.148 vs. 0.153 gain-feed), but the feeding value of corn distillers
grains was 25% greater than that of sorghum distillers grains. Considering
the four experiments reported, one might conclude that sorghum distillers
grains are equal to corn distillers grains based on non-significant differences.
However, the corn distillers grains were superior numerically in all experi-
ments, so it 1s risky to conclude the two are equivalent in feeding value.
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Combinations of By-products

With the large-scale expansion of ethanol plants in the Midwest, an option
for many feedlots will be to utilize both WDGS and wet corn gluten feed
concurrently. In addition to their commercial availability, another reason for
feeding a combination of WDGS and wet corn gluten feed is their nutri-
tional profiles. Complementary effects in feeding a combination of these
by-products might be expected because of differences in fat, effective fiber,
and protein components. Loza et al. (2005) fed yearling steers a 50:50 blend
of WDGS and wet corn gluten feed (dry matter basis) at inclusion levels of
0%, 25%, 50%, and 75% of diet dry matter. All inclusion levels of the blend
were evaluated with 7.5% alfalfa hay in the diets. Additional treatments were
also evaluated using a lower alfalfa level with each of the by-product diets.
Therefore, forage inclusion decreased as the rate of inclusion of by-products
in the diets increased (i.e., 25% blend had 5% alfalfa in the lower forage
treatment, 50% blend had 2.5% alfalfa, and 75% blend had 0% alfalfa). Re-
sults indicated that there were no differences in cattle performance between
forage levels for each by-product’s blend level. The lack of differences in
performance with decreasing forage would indicate that the inclusion of the
by-products was enough to prevent the negative consequences of sub-acute
acidosis (Table 2.12). The analysis of the pooled data from each co-product
level indicated that the performance of the steers fed the maximum by-
product level (75%), regardless of the forage level, was not different from a
typical corn-based diet (0% co-products blend). However, the diets includ-
ing a 25% and 50% blend of WDGS and wet corn gluten feed resulted in
significantly better animal performances than the control diet.

Table 2.12. Effect of different inclusion levels of a 50:50 blend
of wet distillers grains with solubles and wet corn gluten feed
and forage levels fed to yearling steers

Blend: 0% 25% 50% 75%

Alfalfa: 7.5 5.0 7.5 2.5 7.5 0.0 7.5

Dry matter 24.300  26.30bc  26.50P 25.40¢  26.10>  23.004  23.60d
intake,
Ib/day
Average daily 3.992 4.70p 4.57v 4.55b 4.56b 3.862 3.932
gain, 1b
Gain/feed 0.164>  0.179¢  0.172b¢  0.179¢  0.175>  0.168%»  0.1662

Source: Adapted from Loza et al., 2005.
ab.e.dMeans with different superscripts differ (P<0.05).
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Buckner et al. (2006) fed the same combination of WDGS and wet
corn gluten feed at 30% or 60% dietary dry matter compared to feed-
ing the by-products alone at 30% dietary dry matter or a 0% by-product
diet. The 30% WDGS diet gave the best performance. However, feeding
wet corn gluten feed or WDGS in a blend (1:1 dry matter basis) or alone
improved performance over cattle fed a corn-based diet (0% by-product).
A second trial by Loza et al. (2007) compared a 0% by-product diet to six
other diets containing a constant amount of wet corn gluten feed (30%
diet dry matter) and additions of WDGS at 0%, 10%, 15%, 20%, 25%,
or 30% diet dry matter. Including WDGS at 15% to 20% of the diet with
30% wet corn gluten feed had the greatest ADG. This research agrees
with Buckner et al. (2006) in that the 30% wet corn gluten feed plus 30%
WDGS gave better performance than the corn-based control diet. These
three studies demonstrate that high levels of by-products, when used in
combination, can be fed to feedlot cattle without reducing performance
compared to corn-based control diets. Vasconcelos and Galyean (2007a)
found a combination of 20% wet corn gluten feed and 7% DDGS worked
well in a steam-flaked corn diet.

Feeding a combination of WDGS and wet corn gluten feed can also
serve as a management tool. A major challenge facing some ethanol plants
is not having by-products available for cattle feeders on a consistent basis.
Cattle do not respond well if either WDGS or wet corn gluten feed, as a
sole by-product in the diet, is removed and replaced with corn abruptly.
Therefore, one approach would be to feed a combination to ensure that at
least one by-product is consistently in the ration.

Sulfur

Buckner et al. (2008c¢) took 1,200 samples of WDGS from six ethanol
plants over a ten-month period. The average sulfur content was 0.78%.
However, there was some variation among samples, with one sample at
1.72%. Corn contains 0.14% to 0.16% sulfur. This suggests that distillers
grains would have about 0.45% of the sulfur that is in the corn. The sulfur
from the corn is primarily in the form of sulfur amino acids, and it may
be only 40% degraded in the rumen. The remaining sulfur is from sulfu-
ric acid and sulfamic acid used for pH control and cleaning of distillation
columns. The sulfur is reduced in the rumen to H,S, which is absorbed.
The H,S may directly or indirectly cause polioencephalomalacia (PEM)
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(Gould, 1998). The PEM condition is referred to among feedlot personnel
as “brainers” because the cattle experience neurological problems.

The National Research Council (1996) suggests the upper limit for
sulfur in the diet 1s 0.4% of dry matter. That level is based on very little
data. More recently, the National Research Council (2005) suggested that
beef cattle fed forage-based diets could tolerate 0.5% sulfur, and cattle fed
concentrate (less than 40% forage) could tolerate 0.3% sulfur (dry mat-
ter basis). Over the past several years, numerous experiments have been
conducted at the University of Nebraska in which various levels of by-
products have been fed, providing numerous, and sometimes high, levels
of sulfur. Data were summarized on 4,143 cattle finished in experiments
involving by-products. There were 23 animals diagnosed by the feedlot
health crew as being “brainers” (PEM suspects). Some responded to thia-
mine therapy. (All diets contained 75 to 150 mg/day thiamine.) Those that
died were necropsied and diagnosed as PEM. We assume that all 23 were
sufferin