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ABSTRACT

Distillers grains with solubles (DGS) and corn gluten feed (CGF)
are the major byproducts of ethanol production fed to cattle. Both DGS
and CGF can be fed wet or dried with ani mal performance usually simlar
when fed as wet or dried products; however, sone research results
favored the wet products. Cattle diets can contain DGS or CGF as
repl acenents for portions of both concentrates and forages. Distillers
grains is a very good protein (>30% CP) source which is high in
rum nal | y undegradabl e protein, and is very good energy (NE  ~2.25
Mcal / kg of DM source for lactating cows, growi ng, and finishing
cattle. The nodest fat concentration (10% of DM and the readily
di gestible fiber (39% NDF) contribute to the high energy in DGCS.
Distillers solubles are often blended with distillers grains to provide
DGS, but the solubles can also be fed separately as "thin stillage" or
as "condensed corn distillers solubles". Protein and energy val ues are
simlar for distillers grains with or w thout solubles but the
phosphorus content is el evated when sol ubles are included. The
recommended anount of DGS for feeding |actating dairy cows is up to 20%
of total ration dry matter; higher amounts - as much as 40 to 50% of
ration dry matter - can be successfully fed as an energy source to
finishing cattle. Corn gluten feed is a nediumprotein (24% CP) and
medi um energy (~1.73 Mcal NE/kg of DM feed that al so contains an
abundance of digestible fiber (35% NDF). While CG- can be fed at
hi gher ampunts than one usually feeds DGS, optimal production and feed
ef ficiency of lactating cows occurred with 18 to 27% of ration DM as
CG-. Larger amounts, replacing nearly all of the concentrates and
forages, were successfully fed to finishing cattle. The fiber in DGS
and CG-, which often replaces high starch feeds, does not elininate
aci dosis but mnimzes its problenms. Corn coproducts such as corn
gl uten neal (65% CP) and other nodified products fromdry and wet
mlling plants are additional itens avail able as cattle feeds.

I nnovations in processing technology will likely result in additiona
products for future use as |livestock feeds.

I nt roducti on

Et hanol byproducts or coproducts (I my use the two terms
i nterchangeably) result fromthe fernentation of grains, typically
corn, to produce ethanol — either for fuel use or for human consunption
- plus distillers grains and possibly other byproducts. Mst of the
et hanol produced in the U S. A today is via dry grinding, with
distillers grains plus solubles (DDGS) as the mamin byproduct (Rausch
and Bel yea, 2006). Quantitatively, dry grind processing of 100 kg of
corn produces approximately 40.2 L of ethanol, 32.3 kg of DDGS, and

32.3 kg of carbon dioxide. Wet nmilling is usually used for producing
corn oil, corn sweeteners such as dextrose and high fructose corn
syrup, but the starch can be fermented to produce ethanol. Byproducts
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of this process include corn gluten feed (CGF) and corn gluten neal
(CGW. The CGF consists mainly of corn bran and steep liquor. Corn
gluten neal is a high protein coproduct that also arises from wet
mlling while corn germmnmeal remains after extraction of oil fromthe
corn germ Quantitatively, one obtains approximtely 67.2% corn
starch, 19.6% CGF, 5. 7% CGM and 7.5% corn germ (50%o0il) fromthe wet
mlling of corn (Long, 1985).

This presentation will review research results from feeding
et hanol byproducts to dairy and beef cattle. Enphasis will be on DDGS,
especially for dairy cattle, with some nention of the use of other
byproducts such as condensed corn distillers solubles (CCDS), CG-, CGM
corn germ and sone potentially new products available in the future.
Byproducts avail abl e when fernmenting other grains or feed sources will
be nmentioned, although research data is |imted with those sources.

Nutri ent Content of Ethanol Byproducts

Nutrient content of the major ethanol coproducts is outlined in
Table 1 with values listed usually for products fromcorn fermentation
Specifics related to various products will be discussed |later. These
tabul ar values reflect primarily values reported in NRC (1996, 2001) as
nodi fied by nore recently reported analytical information such as data
from Spi ehs et al. (2002) for “new generation” DGS and Birkelo et al
(2004) for the energy values of distillers grains. Such products tend
to contain nore protein, energy, and avail abl e phosphorus than
distillers grains fromolder ethanol plants, which |ikely reflects
i ncreased fernentation efficiency in today’'s ethanol plants. Ethano
coproducts contain relatively high amounts of phosphorus, which can be
a plus — if additional phosphorus is needed in diets — or a mnus — if
excess phosphorus in manure needs to be di sposed.

The conposition of corn distillers grains is essentially the sane
with or without solubles added, except for a | ower phosphorus content
(~0.4% without sol ubles because the solubles are quite high (~1.35%

i n phosphorus. Therefore, nost of the aninal performance data reported
bel ow use data for distillers grains with or wi thout sol ubles

i nterchangeably. The protein content of DDGS is often slightly higher
and the fat content slightly |ower without solubles. If a DGS product
contains substantially nore fat (e.g. > 15% and/or phosphorus (e.g.
>1.09% than the values listed in Table 1, it is very likely that nore
than normal anmounts of distillers solubles were blended with the
distillers grains, or that the processor had problens with separation
of materials during the handling of solubles. Such variations also
poi nt out the inportance of obtaining analytical data on the specific
product being received froma supplier and the inportance of suppliers
provi ding uni form standardi zed products. Both distillers grains and
CGF can be fed wet or dried with simlar nutrient contents, although
slight differences will be commented on later in this presentation

The distillers grains available in recent years contain nore
energy than ol der “book” values. Recent research (Birkelo et al.
2004) indicated that wet corn DGS contained approxi mately 2.25 Mal/kg
of NE, 10 to 15% nore energy than published in older references and
even nore than in the recent dairy NRC (2001) for DDGS. This likely
reflects a higher energy value for newer generation distillers grains



and does not necessarily reflect higher energy in wet than in dried
DGS; that is a separate conparison that has not been made.

Both distillers grains and CG- contain | arge anounts of NDF but
| ow ampbunts of lignin. Thus, these are readily digestible fiber
sources, which allows these products to serve as partial replacenents
for forages as well as for concentrates in diets of dairy and beef
cattle. These nonforage fiber sources can supply energy needed for
| actation or growmh without the rum nal acid | oad caused by rapidly
fermented starchy conpounds (Hamet al., 1994). Such nonforage fiber
sources of NDF can partially replace forages at tinmes when forage
supplies may be linmted; however, because of the small particle size,
DGS and wet CGF may |lack sufficient “effective fiber” to prevent mlKk
fat depression (Cyriac et al., 2005; Allan and Grant, 2000). Wt CGF
was only 11 to 13% as effective as alfalfa hay in nmaintaining rum na
pH and rum nation activity but 74% as effective as alfalfa silage in
mai ntaining mlk fat percentages (Al lan and Grant, 2000).

There is less information avail abl e about the nutrient content of
DDGS produced fromthe fernentati on of other crops such as wheat,
sorghum or barley. However, data available indicate that the
conposition usually reflects the nutrient content of the grain, i.e.
hi gher protein for wheat and barley DDGS than for corn DDGS and hi gher
or |ower protein for sorghum DDGS, depending on the source used.

Distillers Gains

Distillers grains, generally referring to corn distillers grains,
is a good source of rum nally undegradable protein (RUP). The reported
val ue of 55% of CP as RUP is probably an appropriate figure to use in
nost cases, al though sonme variation in reported values exits. Most
reported val ues range from47%to 69% RUP. One often assunes that wet
CDG has | ower concentrations of RUP than does dried CDG, but the
differences are slight. Firkins et al. (1984) reported 47% RUP for wet
DGS and 54% RUP for the dried product, which probably represents a
realistic difference in RUP for the wet versus the dried products.

Kl einschmit et al., 2006a) reported a range of 62 to 76% of CP as RUP
of five DDGS sources and slightly |ower RUP (55% for wet DGS. The

hi ghest quality DDGS products in that study contained |ess than 69%
RUP. Most of the readily degradable proteins in corn have been
degraded during the fernentation process, thus the protein remaining in
the corn DDGS is going to be proportionately higher in RUP than in the
original corn. However, if RUP values for DDGS are quite high (e.g. >
80% of CP), it may be advisable to check for heat damaged, undigestible
protein. Wile some may wish to think that color is a good indication
of quality of DDGS, research data from Belyea et al. (2004) indicated
that color is sonetines (e.g. Powers et al., 1995) but often not an
accurate indicator of protein quality.

Tabl e 2 summari zes mlk production from several experinents in
which cows were fed corn DGS either wet or dried. |In experinments that
conpared DGS to soybean neal as the protein supplenment, production was
simlar or higher than production achieved with soybean neal. Florida
research (Powers et al., 1995) indicated higher production when fed
DDGS from whi skey and from fuel ethanol plants than when fed soybean
meal . However, when a DDGS product was darker and possibly heat
damaged, m |k production was | ower than when fed |ighter, golden



colored DDGS but still simlar to production when fed soybean neal
(Powers et al., 1995). \When Kleinschmt et al. (2006b) used a
standard, good quality DDGS to eval uate the response to two specially
processed DDGS products intended to have even better quality, mlKk
producti on was higher for all three DDGS products eval uated than for
soybean neal with only small differences in response due to the

i mproved DDGS quality.

The quality of protein in corn DDGS is fairly good. As with nost
corn products, lysine is the first limting amino acid in corn DGS for
| actating cows, but corn DGS is a very good source of nethionine.
Therefore, sonetines (Nichols et al., 1998) but not always (Liu et al.
2000) m |k production increased when fed supplenental rumnally
protected |ysine and nethionine with DDGS, or when the DDGS was bl ended
with other protein supplenents that contained nore |lysine. Kleinschmt
et al. (2006b) showed that, while there may be differences in protein
qual ity of various sources of DDGS present today (Kleinschmt et al.
2006a), differences in yields of mlk and m |k protein nay be slight,
unl ess a product is greatly heat-danmaged.

Wet versus dried DGS. So far this presentation has contai ned
i nformati on al nost interchangeably about both wet and dried distillers
grains, because the nutrient content of the dry nmatter is essentially
the sane for both wet and dried DGS, except for possibly slightly | ower
RUP val ues for wet than for dried DGS. Very few trials conpared wet
versus dried DGS; nost trials sinply conpared DGS to a control diet.
When Al - Suwai egh et al. (2002) directly conpared wet versus dried corn
or sorghum DGS for |actating cows, they observed simlar production for
both wet and dried DGS but about 6% nore mlk (P < 0.13) with corn
versus sorghum DGS. Research by Anderson et al. (2006) observed greater
production when fed either wet or dried DGS than when fed the contro
diet, a tendency (P = 0.13) for greater production when fed wet DGS
i nstead of dried DGS, and a tendency (P = 0.12) for greater production
when fed 20% of the ration DM as DGS versus 10% either wet or dried.
Dat a conparing wet versus dried DGS with growing and fini shing beef
cattle (Hamet al., 1994) indicated sinmlar aninmal performance when fed
wet or dried products.

The main considerations regarding the use of wet versus dried DGS
are handling and costs. Dried products can be stored for extended
periods of time, can be shipped greater distances nore economcally and
conveniently than wet DGS, and can be easily blended with other dietary
i ngredi ents. Feeding wet DGS avoids the costs of drying the product,
but there are other factors to consider when feeding wet DGS that are
not concerns when feeding dried DGS. Wt DGS will not remain fresh and
pal at abl e for extended periods of tine; 5to 7 days is the norm This
storage tinme span will vary somewhat with environnmental tenperature as
products will spoil and becone unpal atable nore rapidly in hot weather
but may be kept in an acceptable formas |long as three weeks under coo
conditions. Surface nolds occasionally occur, thus there is usually
some feed lost; a problemthat wouldn’t be a consideration wth DDGS.
The addition of preservatives such as propionic acid or other organic
acids may extend the shelf life of wet DGS (Spangler et al., 2005) but
refereed journal publications that docunment such results are linited.
We at SDSU (Kal scheur et al., 2002; 2003; 2004a,b) successfully stored
wet DGS for nore than six nonths in silo bags. The wet DGS was stored
al one or blended with soyhulls (Kal scheur et al., 2002), with corn



sil age (Kal scheur et al., 2003), and with beet pulp (Kal scheur et al.
2004). Sone field reports indicate successful preservation of wet DGS
for nore than a year in silo bags.

M Ik conposition. The conposition of mlk is usually not affected
by feeding DGS unless routinely recommended ration formnulation
gui del i nes, such as feeding sufficient amounts of forage fiber, are not
followed. Sone field reports indicated mlk fat depression when diets
cont ai ned nmore than 10% of ration DM as wet DGS (Hutjens, 2004);
however, those observations are not supported by research results. A
nmeta anal ysis of 24 studies conducted from 1982 to 2005 invol ving 98
treat ment conpari sons was conducted by Kal scheur (2005). This
extensive summary of virtually all of the nodern research data
avail abl e about feeding DGS to |lactating cows showed that there were no
decreases in mlk fat content when diets contained wet or dried DGS at
any level, even as high as 40% of DMintake. |In fact, the mlk fat
content was usually nunerically highest for diets containing DGS. The
only tinme when mlk fat content may have been |ower with DGS was when
di ets contained |l ess than 50% forage. That result hints at why field
observations of mlk fat depression may have occurred. Because DGS
cont ai ns an abundance of NDF, one is often tenpted to decrease the
ampbunts of forage fed when fornul ations indicate nore than sufficient
anmounts of NDF. However, the small particle size of DGS neans that its
“effective fiber” is not as great as that of the forage fiber it
repl aced. Two recent studies at SDSU support the observations fromthe
nmeta anal ysis. Cyriac et al. (2005) observed a linear decrease in mlk
fat concentration when cows were fed 0, 7, 14, and 21% of DM as DDGS in
pl ace of corn silage, although mlk production remai ned unchanged and
m |k protein content increased. The control diet contained 40% corn
silage, 15% alfalfa hay, and 45% concentrate m x. Kleinschmt et al
(2006¢c) observed that m |k fat content decreased linearly in 2 year
olds but not in older cows as alfalfa replaced half or all of the corn
silage fed. Thus, the key to maintaining mlk fat tests is to feed
sufficient forage fiber.

The fatty acid content of mlk fat when cows are fed DGS i s not
expected to be affected greatly but has been evaluated in a few
studi es. Because the fat in DGS is quite unsaturated with typically
nmore than 60% linoleic acid, it is |logical to expect a nodest increase
in the concentration of unsaturated fatty acids in the m |k produced as
observed by Schingoethe et al. (1999). Leonardi et al. (2005) and
Anderson et al. (2006) also reported nodest increases in the healthfu
fatty acid cis-9,trans-11 conjugated linoleic acid (CLA) and its
precursor vaccenic acid (trans-11 C18:1).

MIk protein content is seldom affected by feeding DGS unl ess
protein is limting in the diet. Then the lysine linmtation in DGS may
cause a slight decrease in mlk protein content (Kl einschnmt et al.
2006b). This effect may be nore noticeable in diets that contain nore
than 30% DGS (Kal scheur, 2005). M|k protein content is typically
decreased about 0.1% when fed added fat from any source, so that can be
a mnor consideration when feeding DGS; however, npst studies with DGS
showed no effect on nilk protein content.

How nmuch CDG can be fed? W at SDSU and ot her researchers have
denonstrated in a nunber of experinments that dairy producers easily
feed up to 20% of ration DM as distillers grains. Wth typical feed



i ntakes of lactating cows, this would be approximately 4.5 to 5.5 kg of
dried DGS or 15 to 17 kg of wet DGS per cow daily. There are usually
no pal atability problenms and one can usually fornulate nutritionally
bal anced diets with up to that |level of distillers grains in the diet
usi ng nost conbi nations of forages and concentrates. For instance,
with diets containing 25% of the dry matter as corn silage, 25% as

al falfa hay, and 50% concentrate m x, the DGS can replace nmost — if not
all — of the protein supplenment such as soybean neal and a significant
anount of the corn that would normally be in the grain mix. 1In diets
that contain higher proportions of corn silage, even greater anounts of
DDGS may be useable. However, the need for sonme other protein

suppl enent, protein quality (e.g. lysine linmtation), and phosphorus
concentration may becone factors to consider. In diets containing

hi gher proportions of alfalfa, |ess DGS nay be needed to supply the
protein required in the diet, and in fact the diet may not be able to
utilize as much 20% DGS wi t hout feeding excess protein. Wen feeding
nore than 20% distillers grains, one is |likely to feed excess protein,
unl ess forages are all or nobstly corn silage and/or grass hay.

Gings et al. (1992) observed sinilar DMintake and m |k
producti on when cows were fed as much as 31.6% of ration DM as DDGS.
Schi ngoethe et al. (1999) fed slightly nore than 30% of the ration DM
as wet DGS with decreased DM intake but no decrease in m |k production
likely reflecting the higher NE_ content of the wet DGS diet. However,
research by our group (Hi ppen et al., 2003; 2004) in which as nuch as
40% of ration DM was fed as DGS i ndicated possi bl e problens when corn
DGS provided nore than 20 to 25% of the ration DM Dry matter intake
decreased with a correspondi ng decrease in m |k production when wet DGS
supplied nore than 20% of the diet DM (Hippen et al., 2003). Gut fill
may have |limted DM intake of these wet diets (40 to 46% DM because
total DM intake may decrease when the diet is |ess than 50% DM
especially when fernmented feeds are fed (NRC, 2001). However, when
dried DGS was fed (H ppen et al., 2004), DM intake and m |k production
still decreased when diets contained 27 to 40% DDGS. An interesting
observation is that, in the neta analysis of 24 experinments (Kal scheur
2005), the highest DMintakes and mi |k production occurred when diets
contained 20 to 30% DGS al t hough, as expected, DM intakes and
producti on decreased with 30 to 40% wet DGS

Distillers grains for beef cattle. Beef cattle have been
successfully fed as nuch as 40% of ration DM as wet or dried DGS (Al-
Suwai egh et al., 2002; Hamet al., 1994; Larson et al., 1993). A
M nnesota study (Roeber et al., 2005) fed up to 50% of DM as wet or
dried DGS with no effect on beef tenderness or palatability. Such
diets cited above were fed primarily as energy sources but, admttedly,
cont ai ned nore protein and phosphorus than finishing cattle needed.
These experinents suggested that wet DGS contained 29 to 40% nore NEgn
than dry-rolled corn, but dried DGS contained only 21% nore NEgin than
dry-rolled corn (Hamet al., 1994). Increased feed efficiency when fed
distillers grains products in place of corn may in part be due to fewer
of f-feed problens and reduced subacute acidosis (Hamet al., 1994;
Larson et al., 1993). Simlar results were observed when feedi ng wet
CGF (Krehbiel et al., 1995). That is because, even though the DGS
contains sinmlar anpunts or nore energy than corn, the energy in DGS is
primarily in the formof digestible fiber and fat; in corn nost of the
energy is as starch. Ruminal starch fernmentation is nmore likely to
result in acidosis, lamnitis, and fatty liver. Lodge et al. (1997)



determ ned that corn wet DGS was nore digestible than was sorghum wet
DGS, and wet DGS products were nmore digestible than dried DGS

Distillers Grains Blended with OGther Feeds. Distillers grains
have al so been successfully fed blended with other feeds for both beef
and dairy cattle. Lodge et al. (1997) reported that a conposite of wet
CGF, condensed distillers solubles, corn gluten neal, and tall ow,
formulated to be simlar in nutrient content to wet DGS inproved the
feed efficiency of finishing steers conpared to wet CGF or corn.

Several experinments have been conducted at SDSU i n which wet DGS
was bl ended with other high fiber feeds. Such approaches may be
hel pful in tinmes when forage supplies are Iimted or expensive. For
i nstance, a 70:30 (DM basis) blend of wet DGS and soyhulls reduced the
dustiness of soyhulls, reduced the seepage that is common with wet DGS,
provi ded nore desirable protein (21% CP) and P (0.6% contents, and yet
provi ded a hi gh energy, high fiber feed (Kalscheur et al., 2002).
Gowth rates of heifers fed the blend were simlar (1.22 and 1.27 kg/d)
to gains when fed conventional diets (Kalscheur et al., 2004). Wen
heifers were fed a blend of wet DGS (69% of DM and corn stal ks (31%,
wei ght gains were |less (1.04 kg/d) than when fed conventional diets
(1.27 kg/d). Ensiling wet DGS al one or in conmbination with corn sil age
i ndi cated that preservation of each could be enhanced by conbining the
feedstuffs with a 50:50 blend likely optinmal (Kalscheur et al., 2003).

Corn Distillers Sol ubl es

Distillers solubles are usually blended with the distillers
grains before drying to produce DGS, but the solubles may be fed
separately. DaCruz et al.(2005) fed 28% DM condensed corn distillers
sol ubles (CCDS) at 0, 5, and 10% of total ration DMto |lactating cows.
M Ik production (34.1, 35.5 and 35.8 kg/d for 0, 5, and 10% CCDS di ets)
i ncreased when fed the CCDS, although nmilk fat content (3.54, 3.33, and
3.43% was slightly lower and nmilk protein content (2.93, 2.97, 2.95%
was unaffected by diets. |In a recently conpleted experinent, Sasikal a-
Appukuttan et al. (2006) fed as nuch as 20% of the total ration DM as
CCDS (4% added fat fromthe CCDS) with no apparent adverse affects on
DM intake or m |k conposition. MIlk yield tended to be higher for cows
fed 10 and 20% CCDS than for cows fed the control diet. Thus, CCDS by
itself can be a good feed for dairy cattle.

Pi ngal and Trenkle (2005) fed 12% of DM as CCDS to finishing
steers with good ani mal performance results. Condensed and thin
distillers solubles have al so been successfully used as protein and
energy sources in beef cattle diets (see Hamet al., 1994).

O her Distillers Products

One will likely see a growing list of distillers products
available as feeds for livestock in the future as processors continue
to inprove the efficiency of ethanol production and | ook for ways to
fractionate byproducts resulting fromthe process. For instance,
distillers bran is a new byproduct feed produced as primarily corn bran
plus distillers solubles (53% DM containing 14.9% CP. When fed to
finishing steers, aninmal performance was simlar to DDGS at the sane
inclusion |level (Bremer et al., 2005).



Abdel gader et al. (2006) recently conpleted an experinment feeding
the germthat was renoved fromthe corn grain prior to ethano
production. The germwas fed to lactating cows at 0, 7, 14, and 21% of
ration DM Inclusion at 7 and 14% of DM increased m |k and fat vyields,
however, feeding 21% corn germ decreased concentration and yield of
mlk fat. Corn germfromwet mlling operations may contain 45% or nore
fat, but feeding trials with that product are |imted.

Corn d uten Feed

Corn gluten feed, often fed as wet CGF, is a relatively high
fiber, mediumenergy, nediumcrude protein product that can be fed to
dairy and beef cattle. The energy value of wet CG- is 92 to 100% of
the energy value of shelled corn (Firkins et al., 1985; Hamet al.
1995); values were slightly lower for dry CG. Schrage et al. (1991)
determ ned the NEmintenance and NEgzn of wet CGF to be 1.60 and 1.32
Mcal / kg of DM respectively.

Cattle can be fed very |large anbunts of wet CGF with very
acceptabl e ani mal performance. Sindt et al. (2003) obtained the
hi ghest wei ght gains and feed efficiencies when diets fed to finishing
steers contai ned 30% wet CGF rather than 0 or 60% wet CGF. This anmpunt
(30% of DM was simlar to the 27% of DM as wet CG- that Bernard et al
(1991) indicated could be fed to lactating cows without altering mlk
yields. A summary of beef feedlot research (Stock et al., 1999)
i ndicated that the efficiency of gain was inproved by 5.1% when diets
containing 25 to 50% wet CG- were conpared to dry-rolled corn
Restricted feeding of growing cattle may further inprove the
utilization of wet CGF and all ow greater dietary inclusions of wet CGF
(Hussein and Berger, 1995; Montgonmery et al., 2003). However, a |later
study (Montgonery et al. (2004), indicated wet CGF increases
digestibility of organic matter and NDF, and that limt feeding may
depress digestion.

Lactati ng cows can al so consume quite |arge amunts of CGF with
accept abl e performance, but the response was nore variable in earlier
studi es (see Van Baale et al., 2001). Staples et al. (1984) reported
linear declines in DMintake and mlk yield as anobunts of wet CGF
increased fromat 0 to 40% of DMin 50% corn silage diets. Dry matter
content of the total diet nay have been part of the problem as
menti oned earlier regarding the feeding of wet DGS. However, Arnmentano
and Dentine (1988) observed no reductions in DMintake and mlk yield
when diets contained as much as 7.9 kg/d (~36% of ration DM as wet
CGF. Wet CGF replaced only concentrates in nost of the above studies.
When wet CGF replaced up to 35% of ration DM as a nix of alfalfa hay,
corn silage, and corn grain, mlk production was greater than when fed
the control diet (Van Baale et al., 2001). |In experinents that
i ncluded as nmuch as 45% of ration DM as wet CGF, Schroeder (2003)
concl uded that 18.6% of dietary DM as wet CG- in place of portions of
both forage and concentrate would maximze mlk yield w thout
negatively affecting mlk conposition or feed efficiency.

Data from Boddugari et al. (2001) indicated that a new wet corn
mlling product (CMP) can effectively replace all of the concentrate
and up to 45% of the forage in the diet of |actating cows. The CW



which is simlar to wet CG-, was conposed of corn bran, fernmented corn
extractives, corn germneal, and additional sources of ruminally
undegradabl e protein to increase the nmetabolizable protein content of
the product. This wet CMP contained (DM basis): 23.1% CP, 9.9% RUP
40. 3% NDF, 13. 7% ADF, and 2.6% ether extract. A nodified corn fiber
(MCF) produced by a secondary bacterial and yeast-driven fernentation
of the corn bran may enable corn processors to nore fully recover

et hanol fromcorn (Peter et al., 2000). However, feeding MCF (23.9%
CP, 49.4% NDF, 45.4% ADF) resulted in poorer perfornmance of heifers,
suggesting a limted feeding val ue because of the high acid detergent
i nsol ubl e nitrogen content and sl ow protein digestion

Corn Q uten Meal

Corn gluten nmeal (CGM is a high protein (65% CP) high RUP (75%
of CP) feed that is a very good protein supplenent. However, it is
best to blend CGM with other protein supplenments for optinmal anim
performance. Because of its high RUP | evel and lysine linmitation
feeding CGM as the only protein supplenment did not support the sane
anount of mlk production as soybean neal -containing diets in a series
of multi-university studies, even when the CGM di ets were suppl enmented
with rumnally protected |ysine and nethionine (Polan et al., 1991). A
bl end of several high quality proteins (blood nmeal, CGVM canola neal,
and fish neal) supported m |k production simlar to production
supported by soybean neal -containing diets (Piepenbrink et al.,1998).

The Future?

One doesn’t know what corn coproducts will be available to the
feed industry in the future. However, if one can speculate, | would
not be surprised to see inproved products and new products avail abl e.
For instance, inprovenents in fernentation technol ogy al ready provide
DDGS today that contains nore protein and energy than DGS of previous
years contained. It is also beconing feasible to "fractionate" in sone
manner DGS into products that are higher in protein, other products
that are higher in fat or in fiber, and products that are higher or
| ower in phosphorus (Rausch and Bel yea, 2006). And some products from
et hanol production may find their way into non-food uses such as
buil di ng products. | base these comments on prior research experience
with feedi ng whey, the coproduct from cheese manufacturing. At one
time there was a choi ce between "whol e whey" or "whol e whey", either
liquid or dried. Today, a |large nunber of whey products from protein
concentrates to |l actose are available to the human food and ani mal feed
industries. A simlar situation could also occur with ethano
coproducts.
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Table 1. Nutrient content of ethanol byproducts.?

Pr oduct
DDGS® Distillers CGF3 CGM
[tem sol ubl es
(% of DM

Crude protein 30.1 18.5 23.8 65.0
RUP°% of CP 55.0 30.0 30.0 75.0
NE i ntenances Mcal / kg 2.07 2.19 1.87 2.54
NEgain, Mecal / kg 1.41 1.51 1.24 1.79
NE actations, Mcal / kg 2.26 2.03 1.73 2.38
Neutral detergent fiber (NDF) 41.5 20.0 35.5 11.1
Aci d detergent fiber (ADF) 16.1 5.0 12.1 8.2
Et her extract 10. 7 21.5 3.5 2.5
Ash 5.2 12.5 6.8 3.3

Cal ci um 0.22 0. 30 0. 07 0. 06

Phosphor us 0. 83 1.35 1.00 0. 60

Magnesi um 0. 33 0. 60 0.42 0.14

Pot assi um 1.10 1.70 1.46 0. 46

Sodi um 0. 30 0.23 0.13 0. 05

Sul fur 0.44 0. 37 0.44 0. 86
IMost data are from NRC (1996, 2001), Spiehs et al. (2002), and Birkelo

et al. (2004)
°DDGS = corn distillers grains

3CGF = corn gluten feed
4CGM = corn gluten feed
SRUP = ruminally undegradabl e protein

Table 2. Mk production response to diets containing distillers
grains as the suppl enental protein source.

Prot ei n suppl enent

Wet
Experi ment Cont r ol DGS DDGS
Schi ngoethe et al., 1983 27.0 27.6
Ownen & Larson, 1991 33.8 --- 34. 3
Clark & Arnentano, 1993 32.3 --- 32.5
Powers et al., 1995 26.8 --- 27.5
Nichols et al., 1998 34.3 35.3
Schi ngoethe et al., 1999 30.7 30.8 T
Liu et al., 2000 32.8 --- 32.6
Al - Suwai egh et al., 2002 --- 33.0 33.3
Hi ppen et al., 2003?! 27.3 25. 8 ---
Hi ppen et al., 2004! 40.7 --- 39.0
Leonardi et al., 2005 44. 6 --- 45.5
Anderson et al., 2006 39.8 43.0 41. 7
Kl ei nschmt et al., 2006b 31.2 --- 34.6

‘Wet or dried DGS fed at up to 40% of diet DM






