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Sorage of Wet Distillers Grains

Alvaro Gar cia* and K enneth Kalscheur
Dairy Science Department
South Dakota Sate University

Abstract

Corndidtillersgrainshasbecomeafrequent
ingredient of dairy cattlerations. Itshigh nutrient
density and low comparative price makesthem a
feedstuff of choice when formulating least-cost
rations. Wet didtillersgrains(WDG) isthemainco-
product by volumethat remains after fermentation
of cornstarchto ethanol. Solublenutrient-rich syrup
called* condensed distillerssolubles’ isseparated
during the fermentation processwhich can besold
for feeding purposes as such or added back to the
final product to obtain wet distillers grains plus
solubles (WDGS). Both WDG and WDGS can
bedried at theethanol planttoyield dried ditillers
grans(DDG) or dried ditillersgrainsplussolubles
(DDGS). Advantages of the dried form are that
they are easier to handle, have reduced
transportation costs on a dry matter basis, and
maintain their quality when stored for aprolonged
period of time. An obviousdisadvantage of thedried
formisthereductionintheenergy efficiency of the
overall process, asadditional energy isneeded to
dry thewet co-product. In addition, thewet form
has been demonstrated to be better utilized asa
sourceof feed by cattle. ThishasresultedinWDG
being considered an attractive feed when the
distance between the ethanol plant and theanimal
feeding operation does not excessively increase
transportation costs. Other aspectsthat need to be
cons dered from economic and practica standpoints
arethelabor and equipment needed to handleand
storeWDG Inaddition, the pH withwhichWDG

arrivesfromtheethanol plantisvery low duetothe
addition of sulfuricacid usedto hat thefermentation
process. Thischaracteristicaidsin the preservation
of the co-product either when stored alone or
blended with other by-products. This paper
addressesissuesrel ated to the adequate storage of
WDG and how they may affect thedecision of its
purchase.

Introduction

Corndigtillersgrainsisbecoming oneof the
most common feedingredientsindairy cattlerations.
Thetrendtoincludedistillersgrainswill dependon
thefurther development of the ethanol industry as
well asother bio-renewabl e sources of energy. At
thepresent time, thisco-product issold in either of
twoforms. DDG andWDG Wet didtillersgrainsis
the main co-product by volumethat remainsafter
fermentation of corn starch to ethanol. Nutrient-rich
syrup or “solublesfraction” isseparated during the
fermentation process, which can besold for feeding
purposes or added back to the final product to
obtain WDGS. Condensed ditillerssolubleshave
an approximate dry matter concentration of 25to
30%. Both WDG and WDGS can bedried at the
ethanol planttoyield DDG or DDGS. Inthis paper
and for the sake of smplicity, wewill beusing the
termsDDG and WDG as synonymous of WDGS
and DDGS. What makes DDG a feed in high
demand isthefact that they have ahigh nutrient
density, are very palatable, and are usually
competitively priced onanutrient bass. Theamount
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that canbeincludedinarationisusualy limited by
thetota fat contributed by therest of theingredients,
andthebaanceof aminoacids, particularly for high
producing dairy cows. Theaminoacid profileinthe
proteinof DDGisfarly smilar tothat of theorigina
corngrain, and asaresult, may belimitinginlysine,
What can vary though is the degree of protein
utilization, asheat gpplied during thedrying process
may bind part of theamino acidswith sugarsinthe
Maillard reaction, making them unavailableto the
animal. Storageand preservation of DDG do not
represent aproblem aslong asthey are protected
fromtheweather. Wet distillersgrains, on the other
hand, area so agood dternative, particularly when
theethanol plantisrelatively closetothefarm. The
advantagesof their inclusonarenot only determined
by their nutrient content and price but also by the
rest of the feeds used in the ration. When dry
foragesand concentrates predominatein thediet,
WDG helps*condition” theration, increasing its
palatability and reducing sorting of thefeed. Onthe
other hand if fermented feedssuch ascorn silage
and hay crop silages constitute amajor portion of
thedigt, theinclusonof highlevelsof WDG result
inexcessively wet rationsand acidic rationsthat
may reducefeedintake.

Onethingthat further complicatestheissue
withtheuseof WDG isthat themoisture content of
this co-product may vary. Regrettably, WDG
oftentimes makesreferenceto any co-product that
isnot DDG! Inmost cases, WDG hasadry matter
concentration that ranges between 30 and 40%.
When the product dry matter is between 45 and
55%, it’susually called “modified” wet distillers
grains. In addition to differences in dry matter
content, the nutritivequaity of WDG isaffected by
their processing, handling, and storage. Thenutritive
value of an otherwise high quality initial product
cannot be expected to be greater than the same
product at feed-out time. Inadequate handling and
Storageconditionscanturnan excelent product into
alow qudity or even hedlth-compromising feedstuff.

Sorageof WDG

Adequate handling and storageof WDG s
usually addressed at the farm level. There are
nevertheless other critical time-points from
processing to delivery, whichmay poseachdlenge
totheir qudity. Temporary storage conditionsat the
ethanol plant can adversdly affect thequdlity of the
product delivered to the farm. Platforms where
recently produced WDG aretemporarily deposited
should be maintained clean and protected fromthe
weether. Thisareashould befreeof rodents, birds,
or companion animalsasmost will readily eat this
feedstuff, and their excretamight contaminatethe
product. All material remaining from previous
batchesthat show mold growth should beremoved
(asthey act asinoculants), and the areashould be
scraped asclean aspossible beforeafresh batchis
deposited on top. Rained or snowed-on WDG
result inawetter product and greater nutrient losses
through seepage during transportation and storage
occur until finally they arefed to cattle. Seepage
fromWDG not only resultsin decreased nutritive
vaue, but it'saso an environmentd threst duetoits
high phosphorus concentration and high oxygen
demand (high reducing power).

When protected fromair infiltration (e.g.in
asilobag), WDG preservesvery well either alone
or combined with other feeds. Because of itshigh
moisture content, storageis better accomplishedin
abunker, covered pile, or silo bag. Regardless of
the storage method chosen, the surface needsto be
protected from thewegther if thetruckload isused
completely in lessthan aweek. If usage of the
shipment will take longer than aweek, storageto
prevent air infiltration will be required. If these
conditionsarenot met, moldwill grow onthesurface
exposedtotheair, resultingin organic matter losses.
Moldwill grow relatively fast during warmwegther,
and it isthus generally recommended to use the
wholeshipment inlessthan seven dayswhenleftin
apile. Oneof the characteristicsof thisco-product
isthevery low pH (3.0to4.0) withwhichit arrives
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fromtheethanol plant (Table1). Thisisduetothe
addition of sulfuric acid to halt the fermentation
towardsthe end of the process. It isthis property
that aids in the preservation of WDG, provided
anaerobic conditionsare met.

A simple storage method for WDG at the
farmisto haveit piled on afirm surface, such as
concrete (e.g. bunker silo). This avoids
contamination of WDG with soil and also nutrient
leaching and percolation into the ground. Once
WDG areunloaded, they should becoveredwitha
tarp whilenot being utilized. Theobjectiveisnot to
create anaerobic conditions, but rather protect them
fromtherain asthiswill resultin additional runoff,
aswell aschangesintheorigina moisture content.
Evenduring thewinter, covering themisimportant!
Temperature of recently arrived WDG usually
exceeds100°F (commonly over 150°Fif freshfrom
the plant); if they are snowed on, this high
temperaturewill melt the snow resulting in greater
effluent losses. Because of their small particlesize
and high moisture content, WDG may freezeduring
thewinter, whichinturn, posesanother challenge.
Theadvantage of conditioning therations offered
during temperate weather islost during thewinter,
but chunksof frozen WDG can challenge adequate
mixing and decrease diet consistency.

Another goragemethodisthrough ensling.
Engling could bedonein bunker slos, but slobags
also work well. Although suited for any size of
livestock feeding operations, smal tomediumsized
farms benefit the most from silo bags because it
dlowsfor relatively faster removd of materia from
the exposed surface. Among the advantages of the
bags are that they alow for high air exclusion,
resultinginlow spoilagelosseswhenthe product is
bagged immediately upon ddivery. Duetothehigh
moisture content of WDG the shape of thebag when
observed from either end will resembleaflattened
oval. Onethingto be careful about isto pay close
attention not to overfill thebag, asthe pressurethat
themateria exertsonthesidescanresultinthebag

ripping open.

113
EnsllingWDG with Forages

Asprevioudy stated, most WDG hasapH
between 3and 4 upon arrival fromtheethanol plant.
Initia pH increaseswhen mixing WDG with other
feedsand then dropsproportionally, depending on
the buffering effect and/or origina pH of the other
feedstuff. Thisprovidesan additional advantagein
blendswhich contain 50% or more WDG onadry
meatter basis. ThepH of most dry feedstuffsisneutra
at most; a50:50 blend withWDG on adry basis
resultsin afinal product with apH of closeto 4.
With adequate packingand air excluson, thisacidity
isenough for an adequate preservation. Feedsthat
are ideal to mix are those with a nutrient
concentration that complement WDG Feedstuffs
that arelow in protein, fat, and phosphorus make
for adesirablematch because concentration of those
nutrientsin WDG ishigh. Examplesof such feeds
are soybean hulls, beet pulp, citruspulp, and crop
residues, such ascorn stalksand small-grain straw.
A precticd advantageof blending WDG withfibrous
residuesisthat theblend iseasier to break during
thewinter. Research hasdemonstrated that the dry
matter content of those blends should not be greater
than 50% to avoid heating. Taking this into
consideration, using WDG (60 to 70% moisture)
worksbetter than modified wet distillersgrains (45
to 55% moisture). Thisisreason enough to make
certain one knows which of the two productsis
being purchased. Smilarly, partideszeof thefibrous
resdueisasocritical inorder to achieve adequate
packingandair excluson.

When blendsof WDG andfibrousresidues
werestored insilo bags, preservation was adequate
for aslong asthe bag remained closed. One of the
difficultieswhilethe bag wasbeing filled wasto
maintain sufficient pressurein order to minimize
bulgesand pocketsof air inthe stored blend. Once
thebag wasopened, rapid air infiltration resulted in
hesting, mold growth, and non-enzymatic browning
(Maillard). It was concluded that bagging was not
themost adequate storage method. Thereisarecent
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trend to store WDG/roughageblendsin pilesrather
than bagging them. Although there's a need to
conduct moreresearch, resultsinthefield seemto
beencouraging. Oneof theadvantagesof thislatter
approachisthat packing and air exclusonseemto
be easier to accomplish when compared to the
material storedinabag.

Other forages can also be successfully
ensiled together with WDG. In a recent trial
(Kascheur etd. 2003), cornslage (CS) andWDG
blends were stored in silo bags. Experimental
treatments, on an asfed basis, werethefollowing:
1) 100% CS, 2) 75% CSwith 25% WDG,; 3) 50%
CSwith50% WDG,; and 4) 100% WDG Samples
were collected from the bag at days 3, 7, 14, and
129 of storage and evaluated for their fermentation
characteristics. Asit can be suspected, theinitial
pH was highest for 100% CS and it decreased (P
< 0.05) asthe concentration of WDG increased
(5.7, 4.6, 4.0, and 3.1 for 100%, 75%, 50%, and
0% CS, respectively). The dry matter
concentrationsof the straight feedstuffsand their
blendsprior to ensiling were 27.7, 28.6, 30.0, and
30.8% for 100%, 75%, 50%, and 0% CS,
respectively. Onepoint to be noted isthat chopped
corn plants had even higher moisture content than
WDG By day 3, the pH of theensiled feedshad
dropped below 4.0, with no further decrease over
time. It wasinteresting to note that the pattern of
fermentationwasnot typica of that of normd slage.
Lacticacid prior to ensiling wasgreatest for 100%
WDG (0.9% of DM) and decreased as CS
concentration increased. Onething that hasto be
considered isthat when corn plants are ensiled,
Lactobacillus organisms start to multiply and
produce lactic acid until the decrease in the pH
inhibitstheir proliferation. Itisvery likely that the
lowinitid pH of WDG inhibited theproliferation of
homofermentative bacteria, which areresponsible
for lactic acid production (Woolford, 1984). Acetic
acid increased (P < 0.05) fromlessthan 0.01% of
DM at day Ofor al treatmentsto 3.89, 5.67, 4.32,
and 0.23% of DM at day 129 as concentration of
WDG increased.

High acetate concentration was probably
resoong blefor thegrester aerobic sability observed
in the 50:50 blend (Figure 1). Several
microorganisms have acetic acid among their
endproducts. Production of acetateintheinitial
fermentation stages can be dueto the activity of
heterofermentative bacteria competing with
lactobacilli for availablefermentable sugars(e.g.
from corn plants). Thefact that therewasvery little
acetate observed in WDG when ensiled alonecan
be explained by the relative absence of sugars,
whichwerefermented into ethanol. Under normal
fermentation conditions, lactobacilli will take over
thefermentation. Thiswouldresultinincreasedlactic
acid production which dropsthepH, inhibiting any
further proliferation of thisgroup of bacteria. When
the pH of thefeed islow from the start (such as
with WDG inclusion), homofermentative bacteria
are inhibited, allowing for other groups (e.g.
heterofermentative bacteria) to proliferate and
produce ethanol and acetate. Although therewas
no ethanol detected prior toensiling, it increased (P
< 0.05) with time in all treatments. Ethanol
concentrationwashighest (2.36% of DM) for 50%
WDG on day 129. There was no change in dry
matter content, but ammonia-nitrogen increased
overtime(P<0.05) indl silages. Itispossiblethat
ethanol was produced by the action of hetero-
fermentative type organisms in the presence of
availablefermentable substrates. It was concluded
that ensiling WDG with CS can be used as an
effective method of preserving both feeds. Thelow
initial pH that wasverifiedfor dl treetments, coupled
with the high acetic acid concentration during days
3(2.77%), 7 (3.25%), 14 (3.34), and 129 (4.32),
particularly for the 50:50 blend, suggested that
preservation could beenhanced by combining both
feedstuffs. Theblend iseasier to handleduring the
winter when compared to WDG a one, thereason
being that longer forage particlesallow for easier
breaking of thefrozen mass.

Aerobic stability of the blends was
enhanced when comparedto theorigina feedstuffs,
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particularly CS. Aerobic stability wasmeasured as
the number of hoursit took for thetemperaturein
thefeed toincrease 4°F above ambient temperature
(Figurel). The50:50 CS:WDG blend had greater
aerobic stability upon exposure to air when
compared to the other 3 treatments.

SoringWDG with Soybean Hullsor Wet
Beet Pulp

Soybean hulls (SH) are an industry
byproduct that shows opposite characteristicswhen
compared with WDG as far as their nutrient
concentration. Thisfeedstuff islow inprotein, fat,
sulfur, and phosphorus, which balance very well
withthehigh concentration of thesenutrientssupplied
by WDG. South Dakota State University
researchers evaluated the fermentation
characterigticsof enslingWDG doneor mixedwith
SH in laboratory silos (Kalscheur et a. 2002).
Treatmentswere asfollows: 100% WDG; 85%
WDG:15% SH; and 70% WDG:30% SH (Table
2).

Laboratory siloswere opened at daysO,
3,7,and 21 of ensiling, and sampleswerecollected
to evaluate the fermentation characteristics of the
ensiled feeds. Asdesigned, DM concentration of
theensled feed increased from 35t0 43t0 49% at
100% WDG, 85% WDG, and 70% WDG,
respectively. Crudeproten percentagedso declined
from 30.8t0 21.1 % with the addition of 30% SH.
The pH of the 100% WDG was the lowest (P <
0.05) at 3.2 and increased with decreasing levels
of WDG (4.0 and 4.3 for 85% and 70% WDG,
respectively). Lactic acid was highest for 100%
WDG (4.2% of DM) and tended to declineas SH
was included in the treatments. Acetic acid,
propionicacid, andammonia-N did not differ across
treatments. Therewasno changein DM, CP, pH,
lactic acid, propionic acid, or ammonia-N inthe
ensiled treatments over time (P> 0.05). Acetic
acidincreased (P< 0.05) for the85 and 70% WDG
treatment onday 21. Ethanol productionincreased
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(P < 0.05) as ensiling length increased. It was
concluded that the low pH and the absence of
butyrate observed by day 21 resulted in adequate
preservation of the blends, even when SH were
included at 30%. The production of ethanol and
acetate when SH were added to the blends suggest
that they supplied fermentation substrates.

Beet pulp (BP) isanother excellent feed
for ruminants. Although relatively low in protein
(approximately 9%), it' sagood source of energy
duetoitshighly fermentablefiber and remaining
sugars. High concentrations of CP, fat, B, and S
present in WDG are matched with low
concentrationsinwet beet pulp (WBP). Combining
both feedstuffsresultsin blendsthat areeasier to
handlewhenformulating dairy cattleraions(Garcia
et a., 2004) and may enhance the fermentation
characteristics of the blend once ensiled. The
fermentation and preservation characteristics of
ensling WDG withWBPwereevauatedin another
study conducted at SDSU (Kalscheur et a., 2004).
Combinationsof WBPand WDG wereensiledin
slobagsasfollows: 1) 100% WBR, 2) 67% WBP
+33% WDG, 3) 33% WBP+ 67% WDG, and 4)
100%WDG,; dl ratiosonan “asfed” basis(Table
3).

Sampleswere collected at days 4, 8, 21,
and 112 after ensiling for analysis. Theinitial pH
was greatest for 100% WBP and decreased (P <
0.05) asconcentration of WDG increased (4.2, 3.9,
3.6, and 3.3 for 100, 67, 33, and 0% WBP,
respectively). Dry matter of thefeedstuffsprior to
endlingwas23.1, 26.5, 30.2, and 33.0% for 100%,
67%, 33%, and 0% WBP, respectively.
Concentrationsof ammonia-nitrogen (0.95, 2.98,
5.83, and 6.75% of DM) and crude protein (8.6,
18.4, 25.4, and 30.5% of DM) increased with
increasing concentrationsof WDG Lacticacid prior
toenslingwasgreatest for 100% WDG (6.41% of
DM) and decreased with theinclusion of WBPin
the treatments. A cetic acid prior to ensiling was
highest (P<0.05) for 100% WBP (1.06% of DM)
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and decreased as WDG was included in the
treatments. By day 4 the pH of dl feedswasbelow
4.0 and did not change throughout the experiment.
Acetic acid increased (P < 0.05) over timein all
treatments and was highest for the 100% WBP
(5.17% of DM). It was concluded that ensiling
WBP and WDG is an effective method of
preserving both wet co-products. Thelow initial
pH for all treatmentsand theincreased acetic acid
over timesuggested that preservationwasenhanced
by combining both feedstuffs, which reduced
fermentation losses. Thiswascorroborated by usng
ash asamarker to determine organic matter (OM)
losses according to thefollowing formula(Garcia
etal., 1988):

% OM loss=1-A/B*100;
whereA =initial ashand B = final ash.

Organic matter loss was 10% or greater
for al treetmentswith the exception of 67%WDG,
whichwas51.6% lower than for 0% WDG..

Final Recommendations

Agriculturd byproducts present chalenges
in diet formulation dueto excessive or deficient
nutrientscompared to nutrient requirementsof cettle,
Combination of thesefeeds seemsto bealogical
gpproachtoimprovetheefficiency of thar utilization
in ruminant diets. It is important to consider
individud feed characteristicsaswell astheease of
handling at thefarm before choosing apreservation
method. The increased demand for ethanol has
resulted in increased availability of WDG. The
economic and practica feasibilitiesof transporting
and storing WDG on thefarm need to be carefully
assessed. It has been determined that WDG
preserveswell when ensiled onitsown duetoits
low initial pH. Similar to other ensiled feeds, their
nutritivevauecan bemaintainedif air infiltration of
theensiled massisavoided. Wet distillersgrains
preserved well when bagged on its own or in
combination with soy hulls, beet pulp, or green

chopped corn. Among the advantages of the WDG/
green chopped corn mix aretheimproved aerobic
stability at feed out asthe proportion of WDG in
theblend increased and theeasier remova of WDG
during thewinter months. Additiona advantagesof
thisapproach areto stretch forage suppliesduring
feed shortages, increase the energy density of the
diet, and reduce the need for corn grain
supplementation.
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Tablel. Wet distillersgrainsensiled over time (Kalscheur et d., 2003).

Day
Item 0 3 7 14 129 SEM?
pH 31 31 3.2 3.2 31 0.04
------------------------------- % DM ----mmmmmmmemmeemecme oo
Aceticacid 0 0 011 0.30 0.23 0.16
Propionicacid 0.30 0.30 0.32 0.30 0.33 0.02
Lacticacid 0.90 0.95 0.97 1.02 0.98 0.02

1SEM = Standard error of mean.

Table2. Composition of wet distillersgrains (WDG), soybean hulls(SH), and their blends, and dietary
recommendationsfor atypica dairy cow diet (Kalscheur et a., 2002).

WDG:SH Blend

Item* WDG SH 85:15 70:30 Dairy Cow Diet
DM, % 32.0 91.0 40.9 49.7 50.0t0 60.0
NE, ,Mca/lbDM 0.91 0.75 0.86 0.82 0.76100.82
CP, % of DM 32.0 11.0 25.0 20.5 16.0t0 20.0
Fat, % of DM 12.0 1.10 8.36 6.01 5.0t08.0
P, % of DM 0.70 0.21 0.54 0.43 0.381t00.42
S, % of DM 0.33 0.09 0.25 0.20 0.18t00.22

'DM = Dry matter, NE, = net energy for lactation, and CP= crude protein.
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Table3. Composition of ensiled mixtures of wet distillersgrains (WDG) and wet beet pulp
(Kalscheur etal., 2004).

% WDG ensiled in blend

Item 100 67 33 0
DM, % 33.0 30.2 26.5 23.1
pH 3.3 3.6 39 4.2
--------------------------- % of DM -----mmmmmmm e
CP 30.5 25.4 184 8.6
NH_-N 1.08 0.93 0.48 0.15
Totd acids 6.53 4.81 2.98 2.37
Acsticacid 0 0.40 0.55 1.06
Propionicacid 0 0 0 0
Lacticacid 3.86 0.26 0.53 3.04
700 - 648
600 A
500 A
(72}
=~ 400 -
> 300 A 312 264
<
200 A
100 - 42
0 . :
100:0 75:25 50:50 0:100
CS:WDG

Figurel. Aerobic stability (hoursit took for thetemperaturein feed toincrease 4°F above ambient temperature)
of cornglage (CS) ensiled with wet distillersgrains (WDG; Kalscheur et a., 2003).
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