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TITLE

PROCESSES FOR PRODUCING ANIMAL FEED FROM BIOMASS

TECHNICAL FIELD

[0001] The present invention relates generally to animal feeds. More specifically, the
present invention relates to methods of making lignocellulosic biomasses more digestible as an
animal feed as well as processes for producing more nourishing animal feeds from biomasses.
BACKGROUND

[0002] Coarse grains, such as corn, are fed to cattle and monogastric livestock (pigs,
poultry) to provide energy, protein, and minerals. The starch in corn is readily metabolized by
hydrolytic and enzymatic processes in the animal yielding organic acids and sugars suitable for
absorption from the gastrointestinal tract. The digestive processes are highly evolved and
energetically efficient when diets contain readily digested grains.

[0003] However, rising global demand for food and renewable energy places pressure
on available grain stocks and, in particular, industrial processing results in a number of issues.
For instance, there is a loss of energy from starch for livestock feeds and there is an additional
production of grain dry milling coproducts, which provide ample supplies of protein for animals,
but there is a deficiency in digestible energy.

[0004] Lignocellulosic biomasses such as corn stover, wheat straw, and bio-energy
crops (e.g., switchgrass) comprise mainly cellulose, hemicelluloses, and lignin fractions with the
largest fraction being cellulose. These biomasses primarily include carbohydrates which, in
theory, could be used in combination with the protein-rich coproducts such as distillers grains to
form balanced animal feed products.

[0005] However, converting these biomasses into usable carbohydrates is a challenge.
The cellulose includes long chains of beta glucosidic residues having a high degree of processes
crystallinity. Hemicellulose is an amorphous heteropolymer, and lignin is mainly aromatic
polymers interspersed and linked among the cellulose and hemi-cellulose within the plant fiber.

The cellulose and hemicellulose are partially broken down to a varying degree by enzymatic

SUBSTITUTE SHEET (RULE 26)
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processes in the gastrobiestinal et of Bvestock, with ruminant species belng more adapted to
ferment such carbohydreate sowrves in the enfarged forestomach or rumen. However, a petentially
digestible fiber contont remains in these matorials that is inaccessible to the animal due 1o the

partial insolubility, ervstalline mature, and Hantiication of such naterials.

]

[0006]  Certain methods exist o accuss the potential vnergy stered in these materials,
aud aecwdation of blomass i an active avea of research and commarcial development. The
agricultural restdues or Momasess, suel as corn stover or wheat straw, can by raked and baled o

produce round or square bales, Such bales may be collevted and the blomass stoved therein may

b ground inte smaller particles. One method of treating such hicmass i3 & batch-process. The
o barcheprocess inchades grinding and foading the gronnd blomass 1nto a container that can mis the

ground biomass (such as g feed mixer wagon), where water may be added o antformly wet the

ground biomass. During such maixing, an tsorganic hyvdrobveing agent (such as valohun oxide

powder may he added 1o the wetted, ground blomass tn order to thuroughly wix the inorgande
fovdrodyeing agens with the wetted, ground blomass, The resaltast wixture may be discharged

B3 from the vontainey intd a bunker or plastic hag and anacrobically stoved. However, such baieh
provess requires conaiderable time, equipment, aud labor,
{0071 Thuy, a need exists 1o find ways to form antmal Teed products from blomasses
that can subsiitute for the grain wd starch in Bvestock rations. & need sdso exists fiw g T Way o

3

enable hanocellulostos o be processed 1o cohunve digestibility of the fiber contained therein

20 which results in an laproved source of energy svailable o the animal,

SUMMARY

fUBORT o each of is various embodinsents, the present invention fultifls these needs

and discloses improved methods of freating bMomasses o make the carbohydraies therein more
25 aveeasible for dipestibility i animal foeds.
BT In one embodiments 2 continuous process for converting omass o s mors
digesiible ammal feed comprises comminiting biomass e smaller ractions and contagting the
contt andd water at a moistore content of 25-353% at ambient

spadler fractions with a hvdroh

ternperature avd ambient prossare, thus producing a treated biomass.
3 {01 In o further embodiment, a continueus process for producing an animal foed
conprises ovnminuting bicvsass wto smaller fractions and contacting the sroaller Bactions with
& shurry comprising an twergatie hvdmivaing agent and water, such that & moisture content of the

contactod smalter fractions is between 25-33%, thus producing o trosed blomass. The process
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further mcludes storing the treated bomens for at least 24 hours and fepding the stowed bomasy
for s animal

0T o avother endbosliment, & syatem for converting Bomass into i more cigestible

arma feed includes u device for comminuting biomass into smaller frach N, @ coveveyer for
moving the smalier fractioos from the devive, and means for spraying an aguenus sofution

comprising ap imorganie hydrolyzing agent onto the smalier fractions on the corveyver.

BRIEF DBERSCRIPTION OF THE DRAWINGS

HB1E] Figeee T illustrates one embodirent of a system wsed o place a hvdrolvzing
agend  comtact with a biomass of the present mvenion.

I3 Figure 2 Hlustrates an embodiment of one configuration for spray bars wed to

place o hydrolyzing sgent in contact with @ blomass of the present invention.

PETAHED DESCRIPTION

HES] Work onm preparing more digestible antraal feads has contimued. US Patent

Application Fublication 2008220123 discloses methods of making more digestible animal feeds,
The nventors have discovered a process for treating fibur-containing Hgnoceliufoste hinmass ©
ervase the digestibility of the Hgnocendosic fraction. thus providing saimal feeds for
ruminants and monogasiric animals. The provess may be nperated continuously and freat a bigh
capactty of homass,

HHHSY  The present invention belps promote the sintainability of sgriculiare. Sinee the
provess of the present tyvention produeces an animal feed prodact including treated hiomass and
an agricultural co-product that can suhstitute for corn and forages such as untreated corn stover,
the present invention helps alloviste concerns with the casboy intemaity of ethavol production

frow corn. Farther, the present fivention 1s fess energy nfensive than koown Bomass processing

fnes wad since the treated omass has ligad holding capaeity, the prosent tvvention i

abile to ptihize By feed ingredionts in their wet form alleviating the energy intensive drving

1B816)  In ope embodiment, the present Invention discloses provesses for produning
andruat fecds from improved hignocethddosic Momass, In another entdodiment, the process of the
present nvendon may be combined with copradots of aurivultural provessing.

ax for

{8171 Inone ombodiment, the present invention deseribes g continuous peow

s osize veducing the Momass and conlacting the blomass with a

trealing hiom

sx which comprs
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hydrolyzing agent. The provesses of the present invention minimize cquipment reguirements and

fabor per ton of blomass treated, thus, rexulting in a lower processing cost. The continuons
process also produces @ consistent and antform product,

{HBI8]  Inone embodiment, a process for vonverting Mowmass 1nto @ more dgestilide

andmal feed comprises comminating binmass into smalfer fractions and contacting the smaller

fractions with a bydrolyring agent st a moisture content of 28-35% gt mnbiont temperatire and

ambient pressure, thus producing o trested hiomass,

{019 1o an embodimoni, o comtinuous process for converting Momass Bito & more

digestible animal feed comprises comminating blomuass fute smaller fractions and contacting the

temperature and ambient pressore. thus prodacing a treated hicmass,
OO0 The treatzd biomuass may be stored for at teast 29 howrs and may be stored

asrobically. Comminuting the Momass may comprise grinding, shearing, or grinding and

®

;\:}m;ﬁ;:rir;g; the tomasa, The contacting of the blomeess with the hydrolyzing apent may ooour in a

hvdredyring agent may be an inorpatio h},»'s;imi}-';aing agent sclected from the gronp comprising a

axtde, & hydroxide, a peroxide, a carbonate. a bicarhonate, a purcarbouate, caloinm oxide,
cajuium hydroxide, sodium hydroxide, potassium bydroxide, magnesium oxide, magnesiam
hydroxide, Hroe. sodivm carbonate, sodiun hicarborate, sodium percarbonate, potassium
carbonste, polassium hicarbonate, potussivm percarhonate, and combinations of any thereot

{821} The continuous process may alse include placing the bionwss in a deviee for

comminuting the blomass e the smadler fractions and romoving the smaller fractions from the

device for conmunuting the biomass with a carsier device for woving the amalter fractions. The

soatler fraetions ave sprayved sith the aqueous solution on the carvler device, The continuons
process may further include mining s agriculiural co-product with the treated omass

22 The biomass may be sefected from the group comsisiing of a biofuel orop, a

smatter fractions with o hydrolvaing agent anst water at o modstnre content of 25-33%¢ at ambiont

hinenergy crop, @ perennial grass, vrop vesidues. food waste, algal mass, suparcane, cerm cols,

corn hasks, corn stover, wheat straw, wheat chattl svatch grass. miscanthag, corn fiber, soy {iber

soy s, sovhbean straves covon bulls, distiter dey graing., distillors dey graing with solubles,
barley strawe, nice straw, Hax hulls, wheat geom meal, comn gorm meal, cotionsead halls,
cotfonseid trash, corcut straw, sorghum, grasses, and combinations of suy therent,

JRO23] The continuous process nray also inchade sepavating the sowdler factons i

fine fravtion aud o coarse fFaction. Separvating the smuallor fractions may comprise passing the

35}
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siatter frachions over at feast one opening in a surfiee, colfecting the smaller fractions prassing
treaigh the at least vne opening, thus producing the Hae fraction. and collectin ¢ the soalier
fractivns that do nod pass through the gt least une epening, thus producing the coarse fraction.

{6024} The fine fraction hay improved liquid bolding claracteristios, improvid

digeatibility, or a combination thereof as compared to the smaller fuctioas

2 Sepurating the smaller fractions may comprise passing the smaller fractions
through a stream of air and may occur after the smaller fractions are contactest with the

hydrotvzing agent.

{8826] The continvous process may also inclade foeding the fine fravtion to a fivst animal
and feeding the coarse fraction o a sevond animal that ts different than the first animal, The first
antmal may be a beeteow, The seeond animal may be a dadry cow or 1 swine.

[ORZT] The continuous process may be able to process at least 350 Kilowrama of the
romass per minute, or may be able to process at least 450 kilogruns of the Momass PET HnUR,
2R} The continuous process muay also include denstfving the treatesd bomass sud the

freated Bromass may be mixed with a Hauid feed ingradient belore the de asiiving, Daaiiving the

treatesd bieanass roay nclude an st selected from the gronp consiating of pelioting the treated
tromass, hrigoetting the treated homass, and g combination thereat

{0029} The hydrolyzing agent may comprise a mineral selected from the grours consiating
of caloiwm, sodinm, polassium, magoesiun, and combinations of any thereet, In such instanees,
ihe process may further comprise toeding the treated biomass to an aninad and placing an
amount of the mineral in the aqueons solution spraved onto the smaller fractions suck tha the

senonnt of mineral consumed by the andmal correspords o 2 dictary guideling of the animad,

0038 Contacting the small fractions with the aqueous selution muy comprise spraying
the small fractions with the agueous solution. Comminuting the biomass nto the smatler
fractions ngy occur iy a combine. The hydrolyzing apent and the water may by in an agueous
solution ur the hydrolysing agent may be a solid, The hvdrolvaing agent vaay be present at an
avmount of ahout 2% to ghowt 1 by weight

B3] A continyous provess oy proadoging an aninaad feod comprises comminuting
Bromass wio smaller fractions and contacting the smaller fractions with o sturey comprising an

worgane bydrolyzing agent and water, such that a modsture content of the contacted smaller

fractions s hebweey 25-58%, thus producing o tresged hiomass, The process Rurther nghudes

stoving the freated bomass for st feast 24 hours and feeding the stored hicanass 1o an animal,
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{
v, Commninuting the Momass may comprise

O3] The blomass may be corn s
grinding, shredding, or grinding aud shredding the biomags. The process may further COMPELSE
moving the smatler fractions from a device for comminating the blomass and onfo a device

configured fny contacting the smaller fractions with the sty

3 JR33] Contacting the small fiactions with the slurry may comprise pumping the slupry

~

o & container e a means for spraying the slurey v on the smaller fractions and spraying the

sfurry o the smaller fractions,

JOUR] The provess may further comprise collecting the Momass from a feld. Collenting

the hinmuss naay comprise raking and baling the biomass from the field or may comprise baling
1 the biomass from a combine,

FHIS] The inorganic hydrolyzing agent may be selected from the group somprising an
oxide, a hydroxide, a carbonate, o bivarbonate, a percarbonate, salcium oxide, caleinm
bysdronide, sodium hydroxide, potassium hydexide, magnesium oxide, magnesium hvdrogide,

Lo

e, sodiuem carbonate. sedivm bicarhonate, sodinm percarbonate, potassiun carhonate,

“.)x

potassiam bivarbosate, poiassiom percarbonate, and combinations of any thereof,

{0036] The biomass may be stored acrobically or anaerobically,

B037F The continuous provess may Rurther comprise mining an acidic, sgriculiom] co-
produet with the treated blomass, The acidic, agriculiural co-produst meany be Hquid,

{B038] The morganic hvdrolveing agent may be Tone. The molsture comtent naay be

b hepween 45-538% The process moay be carried out at armbient pressure and ambient fonaperatre.

s ay be able o process st feast 330 kilogrms of the com stover per mire or able
0 process af feast 430 kik sgrams of the bionass por minuge
HI3N The procoss may further cotprise separating the simaller fractions e a fine

fraction and a coarse fraction.

23 HHIG] In an embodiment, a system for converting blomass into a more digestible antmal
feed includes a device for comminuting biomass inte smabler fractions, g convever for mwoving
the smatier Gactiony from the deviee, and means for spragying s aqueows solation comprising an
faygante brdrdyvamg spont onto the smaller fractivns on the verveyar, The sesteny may further
COMPIISE 4 apparsing for sepavating the smalter fractions fnto a coarse fractton and & Hne

W fraetion,

JO0d1]  lo another eonbodiment, a continuous process for producing an animal foed

comprises comuminuting biomass fate smabler factions and contacting the smaller fractions with

a sharry coroprising an inorganic hydrolyzing agent and water, such tha oisure vensod of the
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cosrtaeted stutler fractions is betwesn 23-35%, thus producing o treated Momass, The PROCESS
also tncludes stoving the treated Momass For at least 24 hours and fee ding the stored hiomass ©
an aninsal,

0421 Iyt an additional erobodiment, a process for producing an animad feed froms

cosn stover ineludes comminuting the com stover to smaller portions and placing an inorganic

hvdrolyzing agent In contant with the smaller portivns and water such that & motsture conient of
the smatler purttons and the inorganic hydrlyzing agent s botwoen 25-55%, thus prosducing

treated corm stover, The process fether comprises storing the troated comn stover Tor at feast 24
s aned foeding the stoved, treated corn stover (9 3 rantinant,

{OR43] Inanother embodimant, the medsture content of the biomass is brought up 1o at

teast 35% and in another embodiment, the moisture content is brought up 1o about 0% by

adding water to the biomass. The bydrolyzing agent may he suspended in the water to form

sturry thut cay be placed In contact with the blomass. Thus, the moistare content of the Momasa

s adjusted at the same time the hydrelyring agent is placed in coutact with the blomass. The

water andior hydrolyring agent may be appliod to the biovsass after the Momass is wound, th
sulling i the comtinuons prinding and treating of the blomass.

J0844] 1o another enabodiment, the process of the present invention results in freatesd
tomasses that are unifermly improved and stable during storage. The processed biomass m @y be
stored serobieally withos decomposition and surprisingly. such acrobic storage actually
smpeves the foed vahug

OB43]  The treated biomasses may be combined sith agriculiural co-products, such as
co-products Trom fermentation processes including, but not Himited o, distiffers grains, com
ghaten feed, corn distillers solubles, condensed fermanted com exiractives, and bysine
fermentation solubles. The co-prodoct may orlginate from food preparation, an ethanol
fermentation or a blofue] production process. The combination of the treated biomasses with
such comproducts can at as a substitute for gratn foeds, where the combination has similar and
potentially better conversion of the combination 1o mest sd milk products as compared 1o the
gradn prodocts,

J0046]  The sgniceliural co-proaducts contain protein, vitaming, and mincrals that ave
beneticial to antmals. Care needs to be taken 1o ensure that certain marients are not fod i exeess
which can impair antmal performuance. For instance, nverfeeding of sulfur may vesult in
Fydrogen sulfide poisoning i cattle, overfeeding of nitrogen andior phosphorus van have

negative environmental impacts, and overfeoding of sedium andfor potassium can fsoreasy rish

O
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o soil selindzation. Thus, when combined with agriowtural co~produets, the improved Momasse

of the present invention may belp ereate o more fivorble balance of nuirients, thus improving
the overall atilization of an animal feed blend,

7L fo one embodiment, a process for producing an improved Bomass includes
conlacting a blomass sowvee with a hydmlveing seent for a time sufficient o increase the
digestibility of the blomasy source by at feast about 10% or a time safficiont to solulilies at least

13% ot edible fiber 1 the homass source, During the process, the binmass souree |

content of 50% or ess while belng contacted with the hydrolyzing agent, or & moisinre content

bodd

ot about SO% i another erabodiment.

48] In one smbodiment, the provess of the present fuvention s cartted ot in g
continuous aperation, Contawt of the bydvolyring agent with the blomass is in a close association
with the physical process ased 1o reduce the size of the Mowass s order 1o make the PROCEES
e efficient. For instance, the biomass may be size redoced, such as by grinding, shearing
anddor shredding. and subsequently contacted with the brdradvzing agent., the blomass may be
vearactzd with the hyvdrolyvrdng agent and St}h&:s:.qucmly stze reduced, or the blomass may e
simubancously stze reduced and consacted with the hydrotesing agent. The close > ey siesd
prosimity of the size reduetion provess and contacting the biomass with bydrolysing agent
process reduces the number of mechantical operations required for binmuss processing.

HHIB o another embodiment, the agricuwltural co-produst may be added o the
bicarass i close physical progimity to the size reduction process anddor contact of the blomass

with the hydrolyzing agent process o achieve efficiency. After vedueing the sive of the hioanass

plucing the biomass in contact with the hyvdelvzing sgent, miking an agrivubiural co-prodoct

with the biomass, or any combination thereofl the bionass way be stored anaerobically or
acrabicatly before being fud to an ammal,

HHISOL o an additional ewrbodiment, the blomass is comacted with the hydmdyzing

it after the blomass is stve roduced, such ag less than 6 seconds afier sive reducing.

Dapending on the hydrolvzing agent used, the pH of water extravted fror the Momass that has
beewn contacted with the hydrolyzing agont may exceed # or may exceed 10
ST The hydrolvainyg agond may be selecied from the group mohuding ¢ pH

gent, an oxidizhig agent, or a combination thereof The hvdvolyring agent may he

o

modifving

prosent at copeentrations of betwern about 2% o atiout 10%, ¢ fromm abowt 2.5% 1 abont £94,

vebyzing sgont may be an inorganic hydrolyzing agent selected From the group

covuprising an oxtde, & ydroxide, g peroxide, s carbonate, & hicarbonate, u porcarbonate,

23 A moisture
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cetum axide, calotum hydroxide, sodiom bydraside, potassiurn hydroxide, magnesium oxide,
ragnesiany hydroxide, Bme, sodivm carbonate, sodiam Moarbonate, sodium percarhonaie,
polassium carbonaie, polassiom bicarbonate, potassium percarbonate, or combinations of any
thereot. The hydrolvzing agent may be selected ar forawlated ty achieve an improved
nourstunent of an animal for specific minerals, to reduce envivonmental frapast cased by

e

feeding any one of the minerals, andéor to himprove the effivacy of freating a specific

Bgnoceliningic material in the bimmass.
OS2 In another embodinent, the hydeohvzing agent may be s mixed hase Ramulation

courising two or more of the hydrolyvaing agents disclosed herein, Souetines wse of @ sinple

base may encounier Hinitations such as possible salination of soils, cost of the bydrolyzing agont.

activity of the hydrolyeing agent, mineral contribution to fival animal digt, or other Hmbtations.

RS I vet a further embodiment, o surfactant way be used in combinatinn with the
hydeolyaing agent 1o troat the biomass, Such surfactant would be sefocted to funetion @ the i
of the selected hydrolyeing agent andior function as & phase transfer catabyst. The surfactant may
welade a goarersary ammonium andfor terttary sulfonium compound such as betaine anddor 3-
dimethylsulfoptopropionate (DMEPY. The surfactant may also be the a composition including
leeithin, sedium Jactate. polysorhute B lactic acid, soy ity aeids, and othyl lactate. The

surfactant may he applivd 10 the blomass in seguence with the hedmlyzing ageng within the

process of the presend tnvention, or may he mised with the hydrolyring agent sach that the
surtactant and the hydrolyaing agent are placed 1 contact with the blomass at the same thme.
thus improving the handhing characteristios and suspenston of the hydrolyzing agent iroan
agpuenus selution as well as improving the efficaey of the hydrolvzing agent for solubilizing
muaterials within the blomass.

[BO54 o vet another embodinent, the hiomass may be contactod with an enwynw as

the hivdrodyzing agont ov in combination with the hydrolyzing agent. Enavies thal may be wsed

ade, without lundation, cellulases, bemicellulases, Rylangses, esterages, projeases, and
combinations of any thercol, The envymes could also come frona Tiving organism andfor an
oxtravt having enzymatic activity, The eazymes mav be placed In comtact with the omass for g
e sudficlent W solubilive carbohydrates frony the fiber souree within the bomass, The ersoie
may be contacted with the bivmass before, alier, or sirpultanconsty with placing the hydrodvaang
agunt, phase anstor catnbyst, andfor sorfactant in contact with the hiomass, The enzyne may e

githized at a temperature of ot least 2°C or at & range of fow 000 10 80, In another
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¢ bromass may he stored serobivally or anacrobically for a poriod of “up

crubostinment, the process
to 10 days before farther processing and being fed fo an animal.

USS] n varioas embodiments, the biomass is selected from the grong sonsisting of a
hofiel crnp, a bioenergy crop, @ pereunial grass, crop residues, food waste, corn stover, corn
cubs, con husks, corn stover, materdal other than grain (MO, com stlage, wheat straw, whesi
chuffl seviteh grass, miscanthus, comn fiber, suy fiber, sov hudls, sovbean strasy, cocoa hulls,
sdistitter dry grains, distillers dryv grains with solubles, algae bicwnass, bardoy straw, rice straw,
Hers bulls, wheat germ meal. corn genm meal, cottonseed hulls, cotionssed trash, ceveal strw,
serghum, sorghan residue, expressed sorghum residue, sugarcang, grasses, or combinations of
any thereof, The treated Momasses of the present invention may also he mixed with a foed

edient. Hyuid or solid, (o tmprove the suttitional quatity of wn aniraad feed. The feed

ingresfients may by selected from the group consisting of condensed fermented extractives,
condensed distifers solubles, plani-based soap stocks, molasses, corn syrap, formeniation
sotubies, fernsentation Hguors, fermentation biomass, amine acids, algal mass, glyeerin, faly, ofls,
lecithin, and combinations of any thereaf. The foud ingredient may be in dey or solid form. and
oty be ased to form wet or dry feed blends with o misture of nsoluble aud solnble
carbohydrates fnrmed by the fiber bydrolysis step or steps,

{I56]  In vets funther endhusliment. & provess for producing a more digestible Bomass
inchudes voutacting 1 biomass with a {iber hyvdrolyzing agent for a Groe sufficient w solubifize g
Hest portiog of carbohydrates from Hgnowelndosiv muterial i the blomass and optioaally
comacting the biomass with an ensyroe for a time saiflicient t solubilize a second portion of
carbolivdrates from the Hgnovellulosic material in the biomass, The contacted or weated hionass
having an insolable liber fraction and a soluble carhohydrate fraction can be fed o an snimal “as
i, thut s without Barther treatment ov in another embodiment, may he dried. Such provess is
advantageous W that 3t can he practiced at amblont temperature and amblent prossure,

80371 In another erabodirnent, o blomass may be contacied with the cozyme and the
hvdrolyzing agent in avy order, that is by contacting with the enzyme first, the hydrofvzing agens
first, o7 the bioveass can be contavted with the ensyime and the hydrolyring agent sinniltaneously.
Further. a surfactant ss described hevedn can he added to this provess as well,

HIBS8E 1o vet an additional embodiment, the biomass is reduced to particles or sizes

wving o longest mean size, or dimension, of about & mm 1o ghout 76 mm for being placed in

contact with the hedrolyzing sgent andfor engyme. The particle size may slso be about 30 s in

iy Jongest dimension,
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H0839]  u a further embodiment, a process for treating s hiomass connprises reducing 8

partichs size of @ biomass. contacting the reduced particle size biomass with a hvdelyzing agent,
and storing the reduced particle size bomass that has been contacted with the hyvdrofveing ageng.

Fhe biomass may be stored fir between about 34 hours and about 240 hours. The PROCOSE Ay

LY

b wentiions and may be cardded out at amblent terperature wed ambient pressure. Contact with
the hydrofyziog agent sofubilizes a fisst portion of carbobvdrates from the hioaass, {ipticnaly,

¥

thi: biomass may also be confacted with an enzyme to solubilize a seconsd portion of

carbobydrates from the binmass. The blomuass thet hus been contacted with the hydrol vaing aget
andior the emyme may be compressed (e, densitied) and stored anacrobically in g phastic bag,

M bupker. o stfo. or may be stoved pevobically without being compressed. The pH of the contacted
blomass may be adjusted such as by addition of ethanol, hiofuel vo-products, inorgssie acids
wh as sulfurie or phospheric ackds, or organic acids such ax forasie, acetie, Jactic or sitric achl,
Nowres or enayToes of organic acids may also be microbial mass retaining biologie activity, Hve
mijcrobial additives. and microbial moculams,
[ B068] o one ernbodiment, animal feeds produced by the processes deseribed herein
are alse disclosed. Such antmal feeds Include sy insoluble fiber fraction and a sohible

o N

carhohydrate fraction, sach of which are derivied from the treated hiomass. The animal feed mn

,‘A

optionally include supplemental togredionts to provide improved nourishment for the animal.

The avdmal feed may inchude insolable fiher fractions having ¢ Innpest dime on
A about 0.5 mny w0 about 76 nam. or be about 25 ram at s longest dimension. The animal fied may
also inchade at least abowt 43% of soluble carbohydrates as 8 pereentage of the (o

o

The mimal feed may also inchsde an enzvme as desoribed

carbobiydrates in the treated bomass.
herean,
H861]  In suother envbodiment, a more depse animal feed produced by the processes of
25 the prosent mvendion may be made by reducing the Bomass o g mean particle sive of bonween

about (03 ymam and gbout 12 mam prior 1o or after contact with the hydrolyzing agent snadfor

enzyore. Water may albse by added 1o the bivrvass and mised as froe water or stvam, and may be
added sduring the provess of treating the biomass or during g densification process atter

tronpe, sueh as pelleting or briguetting. [y another embodiment, an additiona! feed ingredient,
A hguad or solid, may be mived st the treated hlomass and be densified along with the treated
biosvaass,
(OB Do one eobwsliment, the moisture content of the biomass during the process of

treating the blosmasa may be controlled in order o ehicll the most efficient solablization of the
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carbohvdeates possible, The water mity be added to the biomuss before he ing comtactod with the

vdvolyeing agent, at the same time the hydrobvzing agent iz cortacted with the biomass, or after
the hiomass is contacted with hydrobyzing agent.

{631 In an additonal embodiment. the trested Mosass mw ay be wet o may be dried
dependding on the desived use. W dried, the moistare content sy be 10-14% moisture

JOB04]  {n vet a further embodimendt, the bomues that has been contacted with the
Bydvolyaing agent or the blomass before treatment with the hydrolveing agent way by separated

ot the has

s of size, density, andfor Hauid holding capacity. Physical separation of the trested
bicwnass may be effectuated by uir classification. use of s serees, use of 8 trommel. or other
means and may engble the formation of optimally configured wet sndior di v andmal fred blends
sdevived from ane stogle treatment process. Such phvsical separation may produce a smalicr, fine
traction and a larger, coarse fravtion.

HG65] The separvation of the blomass into the fine fraction and coarse fraction mu 1y alse

harve acdded benetity of being handles as the fise fraction may be sasier io move with corvever

be placed i drum deyers, or other. The fine fraction and coarse fraciion may each also bave
matritionat benefits that can be fod o different antmals based on animal performance. animal
species, stage of production of the animal, andfor mutritions! reparement of the aninial, For
mstance, the vogrse fackion may be fod to growing dudry heifers and the fine fraction m ay be fud

to lactating animals with more constrainis on fiber intake.

JOB66] I one embodiment, @ process of treating biomass of the present invention
comprises applving a caletom hydroside sharry solution with calvium oxide added at 5% of the

dry mutter of hiomuass with g quantity of water sach thay the trested Bamass has 3 moisture
contend of aboot 30%. The present invention uses a meisture content fess than that of other
privesses for treating biomass and, thus, allows for less wader nsage. Further, the amount of
witer used i the present invention allows for sufficient heat absorbing capacity of the
exothermic reaction that ovours when calciom oxide reacts with the water,
Exampdes.

6T The ollowing exemphary, non-Hionting examples are pravided o farther
deseribe the embodiments presented hevein, Those baving andinary skill in the art will

approviate that varlations of these Examples are possible within the scope of the nvention.
0468} Lxample | Integrated size roduction and contacting process.
{069 A sories of studies were porformed 1n order to evaluate equipment and methods

for simultaneous stze reduction and treanment of blomass. Ton quantities of com stover were
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used in these studies and a bigh-capacity pr{'}z:::ess\fm* reating omass and producing an animal
feed was developed.

HIETOL A continuous shearing and contacting sysiem was designed 1o operate under
consditions typieal for commercial-seale provessing of biomass, The shearin jgfconiacting Svslem
was operated snder vouditions of vaviable feedstoed quality and the feedstock incduded
observable debirts and comaminants as would be expectest from blomass eollectd from the felil,

JOO7E Cornrosidue including stalks, loaves, husk, and cob with wrain remerved (e,

worn stover) was wsed as the Hgnocethadosic source o biomuss, The vom stover was shewed

ot

astng a comperaially available tub grinder (Havbuster Muodel 1130) and the sheared com stover

&

wats conlacted with an morganic hydrolyzing agent on the discharge belt of the nib grinder,

{87 The equipment used o apply the norganic hvdrolvring agent included an

arest with nevzles

mieed system to meter the amount of solution added wud spray bars conli

Y
b

designed for untforny wetting of the omass. A diagrant of the svstem used o appby the
bydrolyzing agent to the blomass is shown on FIGL 1 The svstem fsclodes a container 10 which
meludes the ivdrolyeiog agent, a hose 12 for removing the hydrolyvzing agent From the contadner

M s pump 14 for pumaping the hydrolyring sgent sl water, 2 hise 16 fiw transporting the

frydrolyzing agent and water for application o the biomuss such ws corn stover, a U-shapad

mmanatold 18 fur i*iiﬁ;‘irig the hydrlyring sgent and waler in comtact with the blomass, wul a
conveyer bl 28 for moving the corn stover from the grinder (not show ),

BT The container 10 may be a mix tank with a moixing device for agltating the
hvdrobyeing aueut in the water to keep such slurey uniform in gonsistency,

{0874)  The Usshaped mantfold 18 includes tvo spray bars 19 which cach spray the

bvdrolyzing agent and water on the hionwss, The spray bars P9 were monnied tmnsverse to the

ax the bionass 1s moved past the Lshaped mandfold 18 an the sonveyey halt

seapvevar belt 20
S0 One spray bar included eight, 6.4 may holes at the greatest dameter of the hole and the hole
wire spaced abont 70 non apart. The other spray bar included vine, 6.4 nam holes at the greatest
drameter of the hole and the holes werg spaced about 76 nun apwet. The lecations of the holes on
the two spray bars 19 were staggered soch that when the two spray bars 18 were operated

tandem, the bhvdrolyzing agent was applied (o the corg stover on thy conveyer belt 20 ot distanoes

o abond 37 marcacross the 7o mm comveyer belt 20 width, & daal stratoey mechanism (oot

shicewny was inteprated jntu the system 1o strain ot any debris from the hydrolyadng agent and
water sd enabled the systent fo be cleaned, even while the systom was processing at constand

CRPSRCHY.
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i
H7S] The spray bars 19 bave precisely sized and Jocated holes which enablo the

ground biomass (5 be properly and completely wettesd with the sturry of the hvdrobvzing aeent in

the water for o fast and complete chamical reaction.

0076] A second Usshaped manifeld (8 was constructed and had singdlarly spaced holes
that ware 9.5 s in diameter, The second L-shaped manifold with the farger holes operated ina
stiwilar fashion to the fivst U-shaped manifold and the two U-shaped manifolds operated adjacent
teecachy other, The discharge holes were deilled into the bottom, 1o, the portion that faced the
conveyer bedt 20, of the spray bars 19 and were anglesd vertically downsward o facilitate the
hydrotyzing sgent and water contacting the Memasa with a penetrating stream. The hydrelvzing
agent and water ware applied 1o the biomuass ut a pressre sufficlat to canse penetration of the

Bvdealyzivg agent 1 a full depth of the hiomass on the conveyer beli 20, By using two sots of Us

shaped manifolds 18, e capaelty of the avsount of bicmass can he increased, bat 1t will he
appavent by one of ordinary skiltin the art that one Usshaped manifold of more than two could
be used. Valves 22 were added 1o the Usshaped manifold 18 in line with cach spray bar 19 10
rprave control of the ydrolyzing sgent How rate and to evable the hydrolyeing agent
apphivation rate tor difforont speeds of the convever helt 20 and smounts and sizes of the
ttomass o the convever belt 200 & clean out valve 24 was also present on cach spray bar 1910
enable elemsing, o needesd, during the process,

0077 The Ueshapad mantiolid was ftted 1o o discharge conveyer belt 20 of the b
grinder (ot shosvay, The tub grinder was fitted with 76 mum (3 inch) vound hole sersens, Uising
this setup, 75 com stover bales weighing about 345 kg each were pround and about 7000 gallom
of hydrolyzing agent (s Hme suspension) was applied o the ground corn staver in 80 auinutes
without stoppng. Such setup enabled 10 metric tons of drv com stover to be treated per howe
with the hydralyeing seent. I vet a further embodiment, the hose 16 for transporiing the
Rystrofyzing agent and waler, U-shaped mundfold 180 and valves 22 may be vonligorest with four
spay bars 19wy llusted in FIG. L

{078 heoanother embodiment, the effects of grinding vt on contacting of the von
stover with the hydrolvaing sgent were evaluated, The grinding rige {kgthey by the b ggrimie;f

3

wirs altered by changing the sereen stre n the prinder where soreen stzes of 76 mm, 127 mm

&

s 1F8 muvowere evaluated, The bydrolyring agent (suspended Hime) was applind as o hydrated

suspension o achieve an application rate of 3 lime on a 'xx:::ight‘:wdg}‘d dry matier basis, Sueh
evaluation also allowed the deternunation of whether more Bne grinding wonld improve

contacting the com stover with the hydrebesing agent. Ten bales of comy stover were ground fiw
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{
each sereen size sud the hydrodyzing agent (e suspension) was applied using the syatam of

¥4}

sereen sixe evahuated, five bales of stover were ground but not rested with the

auond o serve as a haseline or control,

¥

HIETOT  Samples of control com stover and corn stover treated with tvdrolyvaing agent

5 were vollected immeidiately afier being discharged from the convever belt of the tub grinder and

the pH way measured by extracting she corn stover with distiled water and measurin o the pH of
the extracted fhatd. This enabled the ahility B ascertain whother the corn stover had been
contacted with the hydrolyzing ageot, as evidencesd by an increase in pif. The resalis are

presented in Table [ and indicate that the appleation device was able to suvcesstully apply the

W hydrolving agent to the corm stever as Tudicated by the increase iy the pH. The application
deviee was able 1o successfally apply hydrobysng sgent at 115 10 27 metric tons of dey cont
SLOVEY DAY howar,

{801 Table 1 Characteristios of corn stover contacted with hyvdrlyzing agent
{susperched ime) in an lutegrated shearing-processing system,
‘ }f)i":iwgt‘-‘f(ﬁi'ii’ pH after | Shearing results Shearing reslis
Capacity, kgfhonute | Caloubued drey
Muhowr
Sereen | Inivel moisture s 14T
LY .93 1137
42 10.62 1143
1.9 Toas 26,99
{08 Samples of processed stover were retained aud stoved anasvobically Tor 2 weeks
arsd analyzed for edible fiber content and digestibility of dry weight in order to see i the feed
virlue of the wreated corn stover increased. The edible fiher content was weasured by Incubating
samnples 1 & mateal butfer solution and digestibilivy of dey matter was determined by weubating
2 soples for 48 hours ina butforad solition of rominal fuid vontaining g mixed culture of rumen

wicrobes. Resulis ave prosented in Table 2

{B082] Table 2. Charpcteristios of corn stover contacted with Bme bydre

R coniinuous sheart g *».Uﬁfdk.{i T DYOCCSE,

{j haractenistics
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Ee

_______ {6
______ dry wernsht
Tob Grinder \
Serger, smnt | MPSE
i Comtacted ool
8.9 682 g4
1y £33 635
LA | 634 6.1
aration” {aoves s;;it,xée';;__sixa}
; 609 5.0
Adhe) 58,1 4.7
349 113

M m.mmim mean porticle size, DMD = dryv n miwr déaw&i(w
: ‘\x parated by dry sieving in &sim.sa{oq Top Sereen = > owy Mikdle Sereen = & ot o 19 nan, Dottm
Sereen 8 .

{0883 The data frem this evalution show that conlacting the corn stover witly the

frydrodyzing agent resulied in g solublization of 9 1o {5 grams of edible fiber per 100 grams of

ey from the corn stover. There appeared to be an sdvantage of using the 76 mum screen in the
fuh grinder because there was an improved solublization of edible fiber and improved
digestihihty compared @ the com stnver ground inthe 127 sun and 178 mm soreens, Such
tesudts suggest that more efficioney of the process ray be achieved i the particle sive of the

romass 15 reduced, which is supported by the messured taprovenents in ;.:i;'}-‘ nratier i“

for small particles contacted with the hvdrolveing agent as compared o the lerger st

3

s shown it Table 2.
{8084} Collectively, this Example demoustrates that the continuons shearing-contacting

systerm can b operated at constant and high capaciiy in onder o effectunie contacting a bowass

Fing agent i a manner that was able o solabilize at feast € grams of fiber per 106

with a hydrob

graaus of bomass and oven sofubilize up 10 15 gravas of fiber por 100 grams of biomuass, as well

3

a8 oproving the digestitality of the dry watier

JHOBS]  Lxample 2. Feed valoe of Momass produced by the ntegrated shearings
COUBICHNE Provess.

HI886]  Corn stover trested during the large-scale triads of Example | was subjeoted
stndios to ovaduate whether contacting with hydrobyring agent (imed would improve the feed
ertbue of the corn stover, The teed value is improved by increasing the solability of edible fiber
under the assumplion that solubthized Gber s more susceplible to exwovmatic bydrolysis Inan
aqreous euvivone, such as s nummnant forestomach, Also, since Hgnin is indigestible sad
reduing the amourt of Henin or Hignin's assoviatton with fiber car improve the nowishment

vahue of treated feed, Caloium is an essential mineral and is olten added 1 sone Rurg oo daily
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i3
vation of teed fod to Hvestoek. Thus, fncrcasing the caleiom content of blomuas swould be s

means of tnproving the value of the eated bicwass as an antmed feed. Inere astng the pM of a
Biowmass would also be an improvement, espeelally when the biomass is subseguently fod in diets
that contain acidic foodstults, such as those obtained as by-products of agriculiweal processing,
Examples of acidic fodstutfs include distillers dried grains, condensed distillers solubles, and

concdenset fermented corn extractives. Mixing of an alkaling feedsiniT into svidic foed rations
conld possibly improve pH balance of the feed vation and the gastrointestinad tract upon
ingestion of the feed by the animal, thus causing an improvement in the dhigestibiity of the feed

ralio,

[OE87] The feed value of the treted corn stover of Pxample | w

angerobieatly storing samples of the treated com stover of Bxample 1 for 10 davs

the stoved samples for pH and soncentrations of edible fiber, v, and caletum, Unireoted

stover was also assayed as a control, As shown in Table 3, wreating the voen stover with the

hvdvolyang agent resulted in o sobstantial elevation of pH and it solubiiized o favge amount of
3

ediblu Gber, particutarty for the com stover processed asing the 76 man or 127 wom sereens in the

grinder. Adso, the Hgnin content of the treated corn slover decregsed for the more finely sheared

.

siover, bul inereased for the more voarsely sheared corn stover, The better characteriativs of the
more Hinely sheared stover may be altributable 1o the fact thet & smaller concentration of the

hydrodveing agent contseted the coarsely sheaved stover as evidenced by the Jower calcinm

b

concentration and fower pH valoes of the coarser vorn stover as compared to the mare finely
sheared comn stover,
[UUSR]  Table 3. Characteristies of biomass treated with a hydrolyvaing agent ina

conhnueus shearing process.

£y Yo O Cadehun,
T6 i soreen (37 Weinht, %% weighi S of dry weelght! i
82 4iR 4,3 {104 .60
‘‘‘‘ 19 4.9 33 L8 807 1 0AD

atment pwsm -~ D

8.6 41 .4 3.7 S92 e
d)l\ {}& v (( ;fﬁi? 3‘8 2.8 (}.\"; {R4} {} i
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{HORB] The results of this study demonsivates! that a continuous shearing-comtaciing

process 13 wsetul fivr increasing the pH, solubifizing the edible fiber content of treated hiomwss,
and possibly for decreasiug Bynin content. In one embodiment, the blomass is sheased i the tubs
grindder usiug a acreen stze of 127 mm o less In order o tmprove the comtact tog ofthe
hydrotyaing agent with the biomass. Farther, the use of lime as the hydrolyring agent inercased
the amount of calotum. which mway also be anmlded benefit, and the nereased ;\?i may be
preticutarly helpful wihen the treated blomass iy mixed with an acidic feedsinfs

098] Example 3. Acrobic storage of treased binmss.

{09 Avimal Redstalts we offen prone to decomposition over time ansd more so

when medsture confents are safficient for growth of undesirable molds and ve
wikshe contents above sbowt 12%. A comnun pactice prevent such decomposition s o
compress and store high-moisture feedstiuffs under Tow oxygen (L. anaerobic conditions ot
ensiting} to stabilize the stored foedstufts and provent microblal decomposition. For instance,
whotle plant corn may be harvested at moishire contents betwern 30 and 8084, shewred, wnd
compressed into burders o plastic bags and Jater fed as “corn stfags™ 1o suminant Hvestook.
While this method helps decreass degradation of the feedstud?, additional costs are ncurred for
processiug the hiomasses i such manser. This study evaluated whether a blomass could be
treated, not veanpressed, and stored acrobically in order produe TeedstufTs more coonomicaliy.
H92] A labeseale storage trial was conduetud (o dutermaing whether continuonsly
coptacted and sheared biomuas conld be stored acrbically, Corn over was continuously
sheared and contacted with a hydrodvzing agent as desertbed 1o Exargple 1 using caloium
hydroxide thydrated Bive) s the hydrolyzing sgemt. The shearing was secomplished in the b

grinder using 8 76 s sereen, winl @ solution of the Hme and water as the hydrolysing agent. The

L o

¥

hydrolyaing agent was applisd © the cory stover to achieve a farget modsture of ahout S6%,
Adter trogtment, a 3 kg portion of the com stove contacted with Hime was collectad and stored

&

acrobically at abowt I3, withowt being compacted. Samples of the 30 kg portion being stored
3 i &
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were collected at one, three, and 10 davs and & gestibility of dry watter was mewsured. The pH

331

was also measured after duy 10, DHgestibility was measure o by macorsting and handescissoring
the samples to enmlate chewing by a dairy cow. The macersted sam es were exposed 1o ruminal
eraymes by nenbation in the rumens of fnctating dairy cows for 48 hows. The residual material
was dried and digestion of dry matter was calenlated. The results are presonted wy Tuble 4.

R3] Table 4. Chamcteristios of continuously sheared and contacted corn stover aiter

Runren DM haprovemeat i DM
Tine DA 8y pH digestibality, %o | dipestibility (/100 ¢}

=
5y el

At vontacting |- 83 (hefore) 2.3 {after) U0,

I oeday storgge 3 34 -
2 davs storage 49 39 5

1o davs ‘
St RS Q32 &8 14

{54 The contacted comn slover was moasured 1o have a moisture sontent of atest

H9%, but there was vt wny evidencs of molding by visual appraisal. The pH of the veated com

sigver wis measdred to be FLS right after being contacted with the hydrolyzing agent and was
92 adter 10 days of storage, Rumen dry maiter digestion inereased by 14 units, from 549 o
6R%. tor one day of storage as compared to 10 days of storage. The results of thiz Example
fodivate that high-moisture blomass may be aerobically stored without decomposition and result

i1 & omass with an improved Teed value that seowrs from serobic stovsge, as indicated by a

6% fmprovement 1o digestibilite by 10 days of storage as compared 1o 1 day of stor,

HI693] Example 4 Mixed buse beatment of Biomass,

6] Animal foeds are often fortitled with minerals that are vesentiad for heulth,
growth, or other productive functions. Ideally, the feed mixtures contain adegude, it not
exrossive anants of minerals boeause feeding the roiverals i excess can Cause anfagomsn
anong minerals and redoced offiviency of mineral use and overfesding somwe ningrals may even
cause metghehie upsets mnd poasthly environmental damage.

{00971 In this Example, @ study was performed to evaloate the ahility of hages
containing caleiom, sodivm, magnestum, and potassivm (multiple minerals) as hydrolyveing
agents could ethiciently improve foed digestion and solublization of edible fiber, while provide
noarishing compositions s compared o a single mineral. This Example used extrusion
processing of the biomass and hydrolvaing agent us desuribed iy US Patest Application

JO(RER

2

(12, the contents of the antirety of which ¢ Incorporated by this reference, 1o treat the
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tomass with the hydrolvaing agent. Calcium oide was applied as a dry powder 1o the corg
stver and waler was added during treatment, Caleium oxide sud magoesiom oxide were alse
oixed with water to form a slurry before heing ¢ added 1o the corn stover. Where utilized, sodium
bydraxide. potassiom brdroxide. and ammonium hyvdroside were added to sturries to form base
mixtures and placed i contact with comn stover during the extrusion process, Water was added
as reeded o adjust the process conditions 1o acliove the desired moisture sontent, Afler
trvatint, sarnples were vollected and gssaved for nutrient characteristios and o gestihihity of dry

matter atter 48 hours of incubation in buffered ruroen fhuid.

JROURE  The vesults of this Exanmple are prosented w Table S, The hvdroxide sl wry did

sut appest as effective ax the addiion of dry oxide with 62 v, 74% digestibility of dry matser,
respectively, Whe sodium snd potassium hysdroxide are compared with 3% valcium hydroxide,

sodium wnd potassium appearad 1o provide benefits of tnereased solublization of edible fiber and

inveased dry matter digestion tn relation 1o 3% caleihum oxide or valchun hydroxide. Potassium

appeared Jess effective than sudivm on ity effect of dry matter digestibilite, however, there was a
Int of vartation and potassium hydroxide alone provided effects stmilar o sodiom hydroxide
velative to affects on edible fiber content. Ammonium hyvdronide was loss effective within
maxtures as vorapared to sedium or potassium hydroxides. The high pH of the svstens would
shift the equilibrium towards amunonia fon with evolution of snunenda yes. thes reducing the
efffcacy of weatment. At fow concentrmtions and in an enclosed vessel, the dispersion of

amrioTiy fon o the fibrous material of the blomass may be advantageons, particolarly at fow

maistare vontent (loss than 35% molstarel or with coarser materials that may be more difficult to

process with a ligaid bedmivaing agent

B0 Table 5 Charncteristios of blonuss contacted with combloations of hydrolviing

arenty

Muoisture ihor! Sudubdibeed T DM fohange (03 I Na [ K

PRI ey Qniiy %o of dry weleht

6d 1S L0y 13
{13 §4 33 RN S
128 G 30 TR0 36 1l

hhi
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{HBI08] The addition of 3% mugsesium oxide resulied in g chomical protile
ftermedinte to dry caluium oxide and calelum hydroside storry with shghtly reduced efficacy

N

for imygreevid dry matier digestinn, Mixtares of calcium and rwagvesium hydronides wers loss

cifertive in combination with 2% sodium hydroxide as compared 9 calvium hvdrovide by itselt
Wappears magnestum may reduce the efficacy of ealeium hydroxide, bus may still be ineluded at
fow inclusion rates in order o provide the maguesian adineral,

{81 Example 5. Characteristics of Heaocellulosios vontacted with combinations of
h \gii(»i‘ ’Ii‘p sgenis,

[OOT02] Be this Example, o stody was performed o evalnate the sonceatrations of

bvdrolveing agents on solubilizing fiber, imprmsing cigestitality, and enhancing the nounishing

mineral content in various blomasses. This Example used extrusion processing of the Bomass

and hydrolvaing agent gs desoribed i US Patent Application J0080 I, the contents of the
entirety of which @ incorporated by this relerence. to treat the blomass with the hydwlyzing

5 evalumed. Exirasion

agent. Corg steever, wheas strave, and eottonseed hulls were the biomuss

processiuy of the biomass was dove ot 237 kgfminue sl 30% msisture and using oither dey

calvinn oxide or sodian hydroxide thowater to achiove 2.5 o ¥4 added base singlv or i

aombination. Samples of treated and entreated blomass were retained and chemical compasition

stibidity of dry madter was determined.

zs}mmg The results of this Example aa shown in Table & and peverally indicate thai the
hvdredyring sgents inoremsed the dry matter digestion, Tregtment of the bomasses with the

hvdeolyang agems solubilized odible fiber and tnorcased dey muiter digestibitity of the



[

WO 2013/165968 PCT/US2013/038794

bromasses, A differential etfect existed between the alciom oxide and sodium fyvdeoxide
treatments wheve the sodium hydroxide caused a greater inerease n digestibility of dry matter,
bul a Hithe fess solublization of fiber as compared o enleium oxide. This effect was most
noticeable with cottonseed holls, The consbivation of calcium oxide and sodium hydronide

ate for com slover and wheat straw, and

wereased dey matier and fidber digestion, was Infermer
vas tmpraved for cottonseed hulls compared to the valcium oxide and sodium bydroxide singly,
T4 Table 6. Bffects of contacting Hgnocellnlosics with sodivm hydreside, caloiung

oxade, or both during comtivuous processing {extrasion).

{ mmmr{mm
Contrl drusion ‘“src\{twggéng
} :‘f‘. : Q ............................
{} \z‘ :_( ‘C‘ ..............
..... 207 R 65 L 630 a6t 451
133 257 2.6 156
i 33 &S 64 &% ™

Wheat straw

£ dhigestibility meusured h\ mmha? ing samples for 48 hours in bullered rumen
conivnts contain oy a pobveultare of rumen microorganisms

188 Sodian hydroxide was pveay effective than calciam oxide. b is more
dangeroos iy handle, Care must also be taken with sodiom bvdroxide in order to avold excessive
sodinn i the fnal animal feed and possible salting of sotls due o lugh sodiom excretion by the
antmals, The comhination of calohm oxide and sodium Fedrmxcide reduced the dependence an a
antmals, The combination of calohny oxide and sodium hyvdroxide reduced the dependence ena

single fon and appeared usefl for treating bomasses.
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warple 6, Contacting bionyass with sodinm carbonase and calein oxide.

In thas Example. samples of finely grownd comn stover were mised with dry

caleinm oxide powder, sodium carbonate, or both, This Example evatuaied whether the calciom

oxide and sodium carbonate would reset W form sodium hydroxide.

3 {ORIUS] Samples of com stover ground throngh a 127 mm sereen in s tub grinder were

mixed with 3% calohum oxtde o a dn ¥ oatier hasis or a mabdure of 3% calohim oxide and 1.0%

sodiun carbonate for comparing initial solublivation of edible fher. The caleium oxide {lime)

was relutively coarse and poorly reactive. Water was added 1o the blomasses to achiove about

% mnisture, To compare the speed at which the hydrolyzing apenis worked., sa araplos wire

psoN
.
P,

ttben immediately from the mixed biomass and hyvdrolvzing agent and after 4 hoars before betag

saturated with carbon dioxide gas 1o convert oxcess caloinm hyitroxide to calohan carhonais.

Avnther sample was vetained frozen and analyzed after g rescton time of abont 3 davs, The
resiils are presented in Tahle 7
{agia9 - tromass contacted with caloinm oxide or

Fable 7. Fiber content of sheared

IS combination of caletom exide snd sodium carbonate.

A% Catt 0 Q) © 3 6 Nal o

€antrod

Insoluble Fefibie Fiher

Inscluble Edible

i*‘\u uble Edibie Fiber, Bddibla Fiber, Scohdibized, Fiber,
X 5 O e o 90 /Y g o OM Sranty
initial 84,4 813 2.8

3 days

-4
&
~e}

4.7

[OEIE] When exprossed on an organic matter (OM) basis, the treatments with the

hydrolyring sgents solubilized odible fiber und the wse of & combination of ealciun vxide and

sondpon carbonate resulied ina fater reaction as compared w ealeium oxide by Haelf This

20 gosts that sodnan carbonate way be used in combination with hvdrolyvaing agents 1o inorease

the rate at which the hydrolyeing agent reacts with the Hgnocelhulosics of the Bomass, and tha

on

the combinstion of the sodium carbonate with the hysdrolyzing agent fmproves the solublizs

> fiber as compared to using caleiun oxtde alone. This combination may allow the

o

ot edib
production of a strong hydrolyzing agent {sueh as sodium hydroxide} using msterials that are

TN eyt
23 [afo

handie than sodium hydroxide tiself,

joetl} bxample 7. 13

vl
guid helding characteristios of treated hiomuss,

canple 1 using

B2 Corn stover bales were ground and treated as described in B

catciuns oxide as the byidrolyedng agent. Doring treatment of the blomass, it was observed that &
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3
J‘& ;\ijt fe ftJCihﬂn dt\\ har 2 d from the treatment Procoss has })h’s &Rziﬁ t‘i)ﬁ?’i{ﬁi‘id from the

rest of the treated blomass. The fine particle fraction appeared heterogenenns in botanioal
ik

samples of the fine particle fraction were collecied and evaluated for Hauid holdin 2 wapacity. As

curposition, the five particle fracion appeared to be primariy s

pith of the corn wover,

shown b Tublo 8, the fine particle fravtion of treated comn sfover had a grcuter hgud holding

capacity as conpared to untreated, shoared com stover.
{BO1I3] Table 8 Liguid holding capucity (LUH) of sheared stover and fine frastion of

treated, fing fraction of corn stover,

DN e mawes T

?xet'?izu“ﬁ‘er‘i Fine Fraction
o mensturg intest materiah

L Liguid souree Ungontacted

Fo Ty
B2

R siure m fust material) | (105

; \{\‘x’}f‘ i. 1L§LM}'

{BOLI4] A fraction or fractions of treated com stover exist which may be separsted from
the rest of the treated corn stover asing methods such us afr classification or steving, This could
provide an advaatage for forming mixed feeds because Targe amounts of lguid feed ingrodients
with brneticlal nutrient contents may be hlended into the treated, Bauid holding vorm stover
fraction. In essencs, the trented, Haguisd hotding cor stover fraction could substitute for Sheous

visidues such as com periearp (hrany or soy hulls, which are often ased ax varviers for Hauid

fngredients produced as co-produts.

HIBTIS] Dxample 8. Separation of tregted stover for foed ovahuation.

{I16] The shearing or grinding of biomass may be an energy fntensive process that
s o grester mmount of energy per unit of mass for fine v, coarse shearing or grinding. Animals
such as ruminaats are able to ase coarse fther, and even benett from having coarse fiber which
stimulates chowing and prodaction of saliva, which van naturally buffer rumen fermentation,
Finely sheared or ground blowass wmay improve the mechanical handling properties of hionwss
and afford greater feed comsnmption. However, finely sheared or ground blomass may redue the
retertion tume of potentially digestible fiber in the gut which way decrease foed digestion. Thus,

o of particle stzey and charaeters may be advantageous for treated blomasses and in the

a

overal] formudation of feeds ncluding treated Momasses and other feed ingrodions,
HIBEET] A study was condocied 1o evaluate the effecis of the cominuous-shearing

processing syatern on the efficacy of reatment within a particle stee olags, Comn stover was

sheared and treated with a Hme selution as described in Example 1. Samples of treated and
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antrosted com stover that had been stored ansermbivally in plastic bags for 1 mouth were used in
the triad. About 2 gallon volumes of biomass wers separated by sleving {using ANAE stndard
H424. 11 and the nsoluble edible fiber content was measured. Results i presentest in Table 9,

FREIR] The screw size of the tub grinder wsed in the s

heanng-treating process affecied
the particle stee distribution of the treated com stover, swith a greater cumidative weight of

coarser particles being observed when the aperiure of the shearing sereen fncreased, The

treptment of the corn stover with the Hme resulted in significant solublization of wdilde fiber for

al

s. The efficacy of treatment was betier for finer particles, for which 20 [ERTIEROY
more of edible iber was solabilized per 1080 grams of dry \s.:eight, The finest particle size of comn
stover {frem the bottont pan) had a targe proportion of fiber solubilized, such as when the 76 mm

serentt was wsed 10 the wh erinder,

JOOTIY Table, B

ot of particle stre o inseluble fiber content of corn xtover after

treahment with Hnwe

Cumalative Insoluble Bdihle Fiber ,AI k
weiglit, % @100 2 of dry weight

Control Contacted

cared, 127 mm
Seve ®

W, o
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FOO128] The resudts of Table © shovw thut the » shearing/trestimens process solubilized
wedible fiber across a range of purticle sires in the blomass. The use of a fine shearis 1

sent inpvention resully in the acowmnudation of & fine ;wm.%

the treatynent provess of the pe
fractinn with less insoluble edible fiber or more soluble fiber sud. thus, better digestibility. Thig
fine fraction also has the advantageous property for muteriad handling and its feed value ma yhe
praprovet (o make 3t suitable for non-ruminamts, such as gostating andfor growing swing.
{00121 Bxample 9 Use of tested bivanass in feed blends
2] Stdivs were condusted 1o evatoate the wility of Hmestroeated corn stover for

forming a vomposite feed. fo one study, com stover was sheared and treated using the S

deseribed in Example 1. Com stover was sheared using a 137 mns sereen o the tob grinder.
Untreated and treated vurn stover were used t form fead blends containing cors stover, modified

crt et sistiters grams (IMOWDG) al 30% moisture, and condensed formented corm extractives
knowen as corn stesp Hoguor (OSL) at 30 % moisture jo 2 tumbling mizer, Water was addesd to the
untrested com slover W equalize moisture content, Table 190 shows the results of the study and
mchteatzs that feed mixtores vomtaindng treated corn stover had decrvased inscluble edibde fiber
content which mdicated that the reatiog process solubilized edible fiber, thus improving the
digestibility and feed valoe of the feed. There was also an increased non-fiber carbohvdrste
conterd for the blersds containing the treaied corn siover as vompared o the untreated com
stover. The por-fiber curbohydrates include o class of nutrients including soluble sugars which
are shigeatible by the anmal.

HHH23 Tuble 1 Protein and edible fiber content of feed mixes containing sheared-

freated romass contacted m{hh\dmwm, gent,

3 umpmt{w-z of fCvu \.%&. i";ukm o Insoluble BEdible Non-Fiber
teed mixture, 6 as is i dry ety h\ Fiber, g/ 106 ¢ of {Carbolyvdndes,
CIE} weolght g H g ofdry
\-\;w-«iv
""" Sover Form i Feed Stover Form i Feed Stover Furm ia Feed
‘ Ny Mix M
Stover | USLL SITNY i i ‘ Untreatad
5 S e
I3 { 28 33 34 §8
3 3G 32 34 Ry 44 I8 22
27 46 27 32 33 43 n 3
a0 Y3 37 28 1 13 %
20 80 el 36 27 ) a2

{R0134] In another study, corn stover that was trowted wish e o the continpous

stery using the 76 mun screen was used 1o form feeds 1n a tugh shear mixer {o
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evaluate pH, nutriest composition, and physival form of the feeds. High shear mixing hnproved

the handling charactensties of the feeds as

treated Comn slover as g cardier raised the pH o

compared (o the tumbling mixer, The incluston of the

{the feeds as compared 1o the pH of the ndividusd

ingredients blendud with the treated com stover, Rome of the feeds contained a b ngh proportion

o

figaid mgredients (corm steep Hyoort in the formaelatinns which indicated that treated corn

stover can be osed as carriers for Hguid in feeds andd or Hauid feeds, A wide vargs

of feeds may

he formed based on the anaiyzed compositinns deseribed hereln that would mest nutrivs

attowances for protein and

digestible carbobiydrntes for energy. Further,

o

O

wre fermeted i the forestomach of raminants that produce short chain iy acids

caletim of many animals as shown in Tabl

N

N

uld be used in fecds o badter the gastrointestinal tract of animads fad scidic dicis

acitic, propionte, or butyric,

some of the foeds exhibit higher pH an

¢ LhL vt stil provide

W suek feads

o divts that

such as lachic,

JOB125] Table 11 Chemical compositions of feads cuntaining sheared comn stover

treated with Bre.

Stow
¢
ipht

{3y
M
{E oadotum, S ol I

294

26

hydrolyring agents may be

corn stover with andmal reguirements fur the minerads,

{H126] This Exampls domonstrates the wlility of treated com stover in {ee

selected andfor combined to align the mineral compaositin

Alsu, the selection of shearn

1z, Various
n of trosged

arinding

cquipment and optiona! separation of smaller sived particles of treated com stover having umigue

characteristios may be selected in ovder W optimize feeds. Thus, the shearing/reating and mixing

of

N

1

treatod Momasaes fo oreate feeds similar o distilors grains or comn gloten feed.

JO0127] bxampls 10, Feed vadue of weated bivmasse

vartous trosted binmasses i combination with various co-produsts may be optimized to use
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0128 - fing trial was conducted o evaluate the effect of hydrolveing s sprents and
mothod of storage of treated biomasses on the nutritive charagteristios and fred vadue, Com
stover was shegred nsing a tub grinder fitted with & 25 nun soreen. The sheared corn stover swas

convived o an open commodity bay Yor further provessing. A portion of the shearsd comn stover

(e

was contavted with a hivdeolyzing agent in o bateh provess that included placing the corm stover
i g feed miser wagon, weiting the cor stover 1o shout 30% moistare, and adding calejum oxide
powder at 3% by weight while the com stover was raived with a chain-drag siger in the feed
wagnn, After sbout ten minates of miving. the treated vorn stover was placed nto a large plastic
bag {Ag Bag). compressed, and stored anaerobically for at Jeast 30 dava bedore samples svere
Y collested

{29 Another portion of the sheared covn siover from the commedity bay were
processed by continuous extrusion 1n e Readeo Continuons Processur as deserthed i U8
Publieation 2008022

D125, but with the addition of g pre-wetting step to buprove the Bow of the

sheaved corn stover into the extruder. The shesred and pro-swetted corn stover was seeated with

1

catctum hvdroside or combinations of calcium b yidroxide and sodium hydroxide at

~

ool blomasst of 20, 41, or 322 calcium oxidesodiom hydroxide, The

conveniraiions {weight 9
mobsiure content of the sheared com stover during freatment was ahoat 30% and the residenc
fne i the exirmder was about 15 seconds, The treated cormn stover was dizscharged fram the

extrader and stored fn an open commodity hay without compacting under asrobic conditions

o
et

during Spring and Summer wonths, Samples of serobically stored, weated com stover we
vollected after at feast 30 days, The chomead churacteristios of the treated and stored ern stover

o

wore evatusted and o beef cattle feeding Uil was condacted o delennine the feed value of the
wreatod vorn stavies,
FIEIB] Ax shown i Table 12, anunexpecied resudt oconrred in that moisture was lost
25 when the extruded corn stover was acrobically stoved whare the moistare content devreasad o
P37-15.4% as compared with the moisture content of about 41% of the treated corn stover right
atter extrusion. The acrobically stoved com slover was free of visible deterioration, which may
be a vesult of the elevaied pH of greater than 10, Although the anacrobically storad vorn stover

fund @ sbight advantage in the amount of edible fiber solubilized, the asvebically stored corn

2
oty
po

stover i wore econondeal o prosducs by svedding the stops of comprossing and covering.
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0138} Table 12, Sofublization of edible fiber und dr wopatter digestion of com stover

treated with hydrolyveing agents.

narganie hvdroburing sgents

- Hudrady

48 Catiits
Nat M

Ay
c,

HUbent Novgis w a0 25 e

Method  of  contacting SOnHRBOUS

CONTINUONS

Bpommasy o Nosie bateh fextrusion
Mg of stiage aerghic b | hone derabic aerbic
Mussture, %% R $.2 137 R

S8 BLS 1863 84.6
(2.0 .0 1.2 1.4

548 618 L erT 54y R

L

385 1.3 15,6 18.3
5.8 5.5 4 6.1 &0

alehom, %ol DM 046 548 4,40 330 | 384 3,00
Noshinot % af M 4008 3.8} {812 -

- Dgestion of dry weight
after
SRAVHN §

48 W vitro
Lpasare ¥ 56 &R 53 Q3 68

Improvement o ey
Lmstter digestion funits) - I o G iz i

L

IBBI32] The pH of the acrebically stored treated vor stover was over 10 as shown in

AL lzast 13 g 100 g ol edible fiber was solubilized by alf of the cortacting

2 -

g

SO

rmothods evalusted in this Example. fn the continuous extrusion process, thers appeared o be a

1g a combination of hydrolvring agends, especially for improving the seiublization

of editide fiber, The effects of the vartous contucting®inrage nethods was also assesaed by

b

ting samples of the troited wom stover fn a buffered solutions containing ruminal micro-
organisms that are bnown o possess an artay of erssvimes vapable of hydrolvzing complex
bromass. After 48 hours of In vitro Incubatinon, there appeared o be an advantags of using a
combination of calcium hydroxide snd sodium hydroxide as the bydrolveing spent as compared
to calciuny hydvoxide by itselfl Another advantage of combing the caleium hyvdroxide and

;

sodium hvdroxide s that the treated corn stover is more nourishi ing o the animal due to the

amowrtt of paleiuny and sodiem present which approximates the recommunded allowance of these
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[OB133] A beef cartle Teeding trial way initiated o test the feed vadue of treated corn

stever when used 1o sabstitute o graiy and untregted corn stover Sixiy boel steers were
wroup-housed ina feed barn and fod total mixed rations for 60 davs. The steers were housed in
pros baving 6 steers each, and twvo puns weore assigned to cuch ration including the treuted com
sver, The ndividoal feed intake of the steers was monitored with a Gro-Sate eloctronic tag and
sach steer was individnally weighed at the initiation and complotion of the study. Castle were
processed o colleet carcasy data. The cotposition of the ratinas is shown in Table 13, The
treated corn stovers were fod at 20% of the dry weight of the ration.

;ﬁi} 3,3~‘§§ Tahle 13, (Tampa.:\_:ii‘iszz;': of divt axed in feeding ial,

{ontrod Rations xs--‘%*zi'
ration ’ '

ﬁ\,m

shcared stover - pot contacted § 0

heared and coutacted stover { 20

§,

tad §i

B

i
{BUEIS] Table 14 shows the performance of the beet cattle fod the treated com stover.
Ne difference was noted tor the final welght of the cattle fed the controf rattons or the catle fed
the treated corn stover vations, The datly weight gain was not affected by treatmesst, bt tonded 16

he greater for cattle fod the contral ration or the ration comtaining com stover treated 312 caloium

p—
oy
LAy

oxtdesodium hydroxide, The feed intake (P<01) decrensed with rations containing the treated
corn stover, The efficiency for feed conversion {gaintved) tended (P=. 171 to taprove for ngions
containing treated oo stover as cempared to catthe fod the corn control ration. This

wnespectodly indieates tat treating the corn stover with the hydrolyzing agent taproved the feed

vahee of the treated corn stover, and the ration including the treated corn stovin has a feed value

S epabvalent to the rabion contaiming high amount of comn gratn. This was most noticenhle wher
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{
cealonam oxide or a ratio of 302 calohum oxide sodium hesdroxide as the hvdradvedng apens

Lok

apphied during continuous contaet,

fBI36] Table 14, Performance by beef catile fod mifons sontaining rewted corn stover

fes w substitute for comn grain and untreated Momass.

P Treatment
Feomparisens (p

Ratrons containing contacted biowass

FIBIAT] The carcasy weight of cattle was not affected by the weanment of the cormn

<&

stover, but a sumenic rend for more cheloe grading of carcasses existed when eattfe were fid the
corn condrod, the bated rreated com stover, or the com stover treated with the ratio of 327 calciun
exidersudiuny hydroxide as the hedrolyzing spent.
10 {B8138] Example T Composition of processed corn kerne! pericarp fiber snd som
BEOYRT,

IS A processing study was Inftiated & evalugte alkaline teatmen of comn fiber
obtained from the grain fraction of corn {pericarp fiber) or from whole plans material with grain

removed {eern stover ) The precessed materiads were blended sith feed ingredients, dried. and

¥

censified @ form food mixtures sutiable for feeding beel cattle. dalry catile, and swine. Comtact

o the pericarp fiber and the cora stever with mixiures of hvdvolvzing agent was performed o a

conttons frshion using a Littleford 300 L brand enclosed provessing vessel, Water was added
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esael Lo hydrate the fiber masurials to S0% moisture, alkatine agents were added {396 CaQy

NaOH winwt i the ease of stover; 1.5% T+ 1.8% NaOH whwt in the case of pariearp
eight), and the materialy were processed in the vessel for 15 minates, Afrer reatment, & portion

of the freated stover was separnied using a Sweeo vibrating separator fittad with a 37167 sereen

to soparate the treated comn sover into a fine fraction and & coarse fraction. To form animad feed
products, the treated fibers were mived with a liguid feed (e, Hauid com stewp Hanorh wet
distilters grains, or o combination thereof using o Lintleford 1300 brand mixer. Portions of the
mied products were buli-dried and densified by pelleting or piston brigueiting,

{01401 The treatment with the hydrolyaing agents in the vontinuous mixing process in
an enclsad vessel, at modest motsture conventration, and for a short reaction tinwe of this
Example surprisingly solubilized a high amount of edible fiber. In the case of the corn stover and
the fine fraction of cony stover. approximately 20 percentape units of fiber was solubilized,
whereas for the coarse frawtion, aboul 16 anits of the {ibor was solabilized, In the case of com
kerned pericarp, treatment with hydrolyzing agent solubilized abowt 14 units of fiber, This
Example demuonstrates g novel method for separating whoele stover fimto fing or coarse fractions
having proved attributes, and the various sized materials could be saflably ased for cortain
fvestock feeds. For example, a coarser material may be more suitable for beef cows whereas the
finey fraction may prove mwre suitable oy dairy cows amd gravid sows,

4] The processed fihers {stover and pericarp) vontain fevels protetn below the
attowances wypically fied t ivedock, However ax shown in Table 13, blending with agricultursd
cirproduct ingredients resulis i feed mistures with protein congentrations of 12 to 20% of the
dey seeight. The blending of the processed fibers with the other feed Ingredients also improsad

the balance of fiber and protei, therehy making the blended muterials more suttable for feeding

to Tvestock such as boofl datry, and swine, The drving and densification of the feed misiares
produced materials which ave stable and may be stored for extended periods in bulk bins or
conmnedity butldings, Soch dried and densified materials may also by tranperted simidar fo
those used for tramaporting commaditios such as gramns and nilseeds,

FOT4Z] Table 15, Etfects of processing on chargcteristics of com stover and vom kemet

perizary, and composition of mixed feed producty containing improved matenals.
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P, Fdibke Fiber
e Fibaey, i Ash, bibized,
af Yo of Yol percemtage

DM, % pH_ DM DM DM s

93 72 36 A fad PE

R S 8.1 el .8
r Fine Fraction

3G sorven - uabreated 43 THO%: TRA 2.4 SERY]

H}nisx‘}{g;&ieﬁ e Cald 4 28 28 375 73 §9.3 A7
Coan Movver {oarse Fraction
Ahwrve 57167 screen u.m'rt:atcd 3 % SR BR 2.0 8.5
Hyvdrodvieed 39 Cal) + 2% NaOH Q7 9.7 2.7 3.6 1.4 i

Corn Perigarp Fiber
Eintreated B .4 113 48T i3
Hydrobeoad 13% Cald + { 5% Nalblt 08 B8 w4 29y 3.2 .8 LRy

Natrient characteristics of feed suxnmes comaining imprisved fibers

{TESEE on dev wit hasis) R eF 120 &4 F4K
Corn stover Hie faction + OSL
{00 oy sn w1 hasiny xS w2 o1 ss 6.4 R
Lo fber periosrp + USE

30 on drv wi hasisy I 9%

UM = dry pratten; OF = crude proteing WG = wet distillers graing: €8 i steep Hguor

B 143] Example 12 Sepwration and processing schemes for com stover residue,

[ dd] hoproved methads for colleetion of crop residues 1s an adtive ares of study with
many investigations aroed at developing new equipment or processes to optimize the amount or
guality of matenal removed frong the field, One method uses & modified combine head whick
permits the simultanecus collection of the gran and the matenial other than grain (MOG) Por
corn, this MOG includes the collected portion of the cory plant, other than the grasn, whicly rans
through the combine. 1o gssence, the MOG 15 corn stover having less corn stalks sinee the corn
stalky are not piched up by o combime, The grain iy endled by convintional methods wihale the
SOG 18 formed o bales, Compared with comn stover collected by conventiooal vaking and
baling, the MOG matertal sy have favorable properties because more husk, foadl and cob are

godfocted relstive o stalk, and MOG bas Jess sofl contanination,

FO0I4S8] To assess the responsiveness of MOG o the processing techmo]

resent fvention, a friab wag condnoted psing hales of stover collectad by comventional raking
& &
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avd baling, and bales of MOG. The conventional stover aud MO were cemminuted in a

cosmercial b grinder 1o reduce the particle sive of materials. Caleium hydroxide sohation was
apphicd using the application manifold deseribed herein. The hme suspenstan wias applied at 3%

Crld on @ wiiwt basis with atarget of S09% moisture during processing. The stieer was

A

contrronsly ground and processed at abowt 750 Thy per minue sud the MOG was processed at

about 730 fbw pounds per minute. The processed material was stored in a pile under acrobic
conditicns after treatment, Samples of processed masterials were collected one day after freatment

and submitied w the laboratory for assay within 10 davs of tregtment. The resalts of the trial are

pressited e Tahle 16,

G [B0146] Table 16, Bffect of weatment with hydrolyzing agent en composition and

stigestibility of stover and Material Other than Grain (MOG),

Lintreaisd Treated
Stover MG Stover MOG
Moisture, %% 24 Y sS4 38
Towal edible Gher and Henin, % of DM 8§47 838 886 2
Hedibde fiber solubilized, %% F3 g 118

—
e,
et
o
3
yes

Eignin, %o of DM 12 73 .4 6.0
Ash, S of I 3.4 37 224

13,
%% o DM e 0,25 4.35 430
Estimated rmmen digestion of DM, 36 67 74 73
werease i DM digestion. units {4 b

Gepmaetric mean particle size, mm 1.6 8.6

{B0I47] Contact with the hydrolvzing agent at about 300 moisture under serobic

stovage conditions was sufficient to produce the obhserved solublization of sdible fher presented

s Table 16, The MOG had leas ash and was inherently more digestibie ax compared with the

Lit

vemventional stover, Treeatment with lime solubilized sdible fiber and improved the digestibility

v i the processing

of conventional stover snd MOG, but the MOG tended w be fess respons
schene which was used 1n this trial, This Example demonstrated that continuous processing
schemes have demonstrated wseful for improving conventional stover may also be suitably used
2 anprove the feed value of materialy such as MOG.

{BB AR} bxample 13, Separstion of ground stover for andmal feed.

ISR The inclusion of forage amount and type in animad diets varies groaily across
class of Heestook and stage of production within livestoek vlasses, with higher producing
andypaty typically fed lesser amounts of forage and higher amounts of sarchy conventrate feeds,

such as corn gratva, Howeser, the feeding of high concenirate diets o hgh produsing Heestock,

o]
LAY
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such as the factating dairy cow, may cause digestive upsets. poor performnce, and even death
from metabolic acidesis, Therefore, rations of ngh producing Bvestock will contain some
proportion of forage witl emphasis placed on the physical and chemical characteristios of the
Barage so as o optimize intake, digestion, and healih of the animal, Crenervally, foeding rations

S that contan high amounts of insolubie fber havi g long particle fength tends to dimindsh imake

of e total mation, thereby Hovdting the intake of nuirients cssentiad for

growth or wutk
proxduction. Thevefore, it I8 Inapurtant to assess the digestibility and particle characteristios of
forages and crop residues to determing their potential wtility in feed vations.

[BIS0 In onder 10 make these assess

g 1 were separsted

o asing a troswned (Vermeer Trommed ~ Model i"iRSEi} fitfed witha .28 im:h sereen, therehy

producing o cowrse (=35 and a e (0.237) fimction for conventinnal stover and MO The
separations of the treated materials was accomplished within 24 bours after the materials hud been
comtinuoualy ground and treated with e, The characteristios of the various fractinns are

presented in Table 17

is 8IS Table 17, Composition of conventional stover and MOG after freatmem and
SEParRio,
Untreated Treated
Coarse fine Coarse Frome
stover . MOG stover MOG stover MOG stover MOG
"}gﬁ‘llk'"i‘ ‘;‘:s‘é’; 32 23 31 27 62 47 &1 83
natier, A8 77 64 73 38 33 R 47
4 M.zbm and
iy, B of 1M s 87.6 Tan T U A X &1 TR
sdible fibar
\o‘xtsbzi;/u founits 247 8.0 159 8.2
Lignin, % of M LS T4 9.4 6.3 7.8 4.8 5.1 75
Ash, “n of M 8.5 3 14.3 4.6 1 gt 7S
La, Y of DM 083 033 s s2 28R .73 327
4& h "n 'y'iirs:_z PuTen
DML %% 56 63 43 fd 73 68 78 73
fnoreass n
digestion, units 17 3 18 5
Geomoetrie maat
partiche stve, mm 2300 223 4.3 5.1 o0 184 23 3.2
IS Ax discussed mexample 12 contacting the materials with hvdrodyaing solution
was move officacions for com stover as compared Lo MOG, gs evidenced by the lesser arnouny of
200 edible Gher solobilived for MOG versus slover, Malerials ware suecessfully separated into coarse

and fine fractinas as evidenced by the farger mean particle sive for the coarse versas the fine
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fractions. The proportiom of total weight fn the two fractions was ostimated to be approximately

6O to 40 or 40 1o 6 pereent by welght betwesn comrse and {ine fractions. The conventional
stover was fitially higher in ash and therefre there was a greater accumulation of ash in the fine
fravtion of treated stover as comparad with MOG. The ash codd be sepavated by further
sereening or optionally this fraction coudd be wsed as a source of fertilizer, for exs aniple, further

demonstrating s wility for separating the waterials into prefirned particle sires or chemical

characteristivs, The fine fraction of conventional and MOG exhibited the desirable &
uhraracteristios wnl these materfals could be used as fowd for dairy cattle and potentially for
araviid sows or fattening pigs, i blonded with other theds 1o balavce for protein and other
HE
JOBIR3] The presont invention has been deseribed with veference o vertain exemplary
and tHustrative embodiments, cowpositions and uses theveof, However, it will be recognized by

persons having ondinary skill in the art that various sabstiiations. modifications or combinations

af any of the exemplary smbodimenis may be made without departing fram the scope of the
ventton, Thus, the invention 1s nos Bmited by the description of the exsmplary sad Qlusuative

embodimens, but rather by the appended claims,
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CLAIMS

What ix clained s
1. A continuons process for converting blomass into o more digestible animal feed,
the process comprising:
3 comminuling bomass into staller fractioss; and
vontacting the smaller fractions with a hydrolyvzing agent and water 8t & motsture conlend
of 23-553% st ambient temperature aved ambient pressure, thus producing e treated bionass.
2 The provess of claim 1, further somprisivg stoving the reated biomass for at least
24 Bowrs,
HE The process of clam T wherein comminuting the blomass comprises grinding,
shearing, or grinding and shearing thy biomass.
4, The process of claim 1. wherein the contacting occurs in a devive that

comminutes the bonunss,

ol The prosess of cldm 1, forther comprising:

L7y

plucing the biomass in a device for comminuting the biomass fnto the smadier fractions; and
removing the smaller fractions from the device for comminuting the biomass with @ carrler
device for meving the smaller fractions;
wherent the smaller fractions are spraved with the sguenas sohdtinn on the varsier devive,
£y, The process of elaim 1, further comprising miNing an agriculiural co-product with

~

I the treated biomuass,

-

The process of olaim 1L whereln the moistare content s botween 45-33%
& The process of claim 1, wherein the hvdrolyeing agent s an morganic
frvdrolyzing agent selected from the group comprising an oxide, & hvdvoxdde, a perexide, 3
carbomate, 2 bicarbonate, a porcarbonate, caloium oxide, calenan hydroxade, sodiom hydroxide,
25 podassian hydroanide. magnestom oxide, magnesiam hvdrogide, lme, seediunt carbonate, sodinom
brearbonate, sodiun percarbonate, potassium carbonate, potassinm Mearbonaie, polassnan
perzarbomte, and combinations of any therend,
Q, The process of claiot 1, wherein the Bomass is selected from the group consisting
of a biofue! orop. & boenergy orop. a perernmial grass, crop residues, food waste, algal mass,

3 sugarcane. corn sehs, corts husks, corn stover, whaal straw, wheat chatf, switch grass,

mixcanthus, corn fiber, soy fiber, soy hulls, sovbean strinw, cocon hulls, distitler dey

chstillers dry grans with solubles, barley straw, vice steaw, flax hally, wheat gernn meal, com
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3%
gorm meal, cottonseed hulls, colfonseed trash, cerval straw, sorghun, grasses, and combinations

of any thereofl
H The process of clabm 2, wherein the treated blomass is stored aerotsiealiv.,

Lo The process of olaim 1, funther comprising separating the smatler factions into &

Fine {raction and a coarse fraction,

Fao The process of claim L, whereln separating the smalier factions comprise
passing the simaller factions over at least one opening i a swriace:
vitlecting the smatler tractions passing througl the at feast one opeaing, thas produving the fine

fraction; and
coliccting the smaller fractions that do not pass through the at feast ooe opening. thus producing

the coarse fraction,

Fao 0 The provess of clabine 11, wherein the fine fraction has improved Hauid holding
charactaristios. improved digestibility, or a vombination thereof as compared to the smalley
fractions,

4 The provess of elaim 11 whervin separating the smaller fractions compriaes
passing the smaller fractions through a stream of af.

15 The process of clainy T, wherein the separating oveass after the smadier fractions
are cowacted with the hvdrolyzing sgent,

. The process of clapm 11 further comprising:
feeding the fine fraction o a first animal; and

fooding the voarse fraction o a socond antmal that ix different than the fest antimal,

P30 The provess of cluim 16, wherein the first animal 1s 8 beel cow.
80 The process of vlanm 17, wherain the second ammal is a datry cow or a swine.
19, The process of elaim |, wheraan the process v able 1o process ot least 358

kilograns of the biomass per minute,

The process of claim 1, wherein the process i3 able to process at least 430

ffograms of the blomass per nusue,
fo The provess of claim 1, further comprising densifving the tonted blomass,

4+

The process of claim 21, further comprising mixing the treated bomass with a

fouid feed ingredivnt before the densifyving.
23, The process of claim 21, whereln densifving the fremed binmass comprises an adl
sefected from the group consisting of pelieting the treated bionasy, briquetting the troated

Bromasg, and g combination thereof



i

20

WO 2013/165968 PCT/US2013/038794

W
RES The process of claim 1, wherein the hydrolysing agent Comprises a wineral

selected from the group consisting of calohun, sodivm, potassium, magnestum, and combinations

of any thureof, further covaprising:
feading the trented blomuass to an animal, and
placing an amouat of the mineral In the aquonus solution : spraved onto the suwdler fractions such
Uuat the amwunt of puineral consumed by the animal coresponds fo a dictary guideline of
the ardoal.
250 The process of elaim 1L wherein contacting the small fractions with the agucous
sodution comprising spraying the small fractions with the agueoas sofution.
b, The process of claim 1, whessin cosnminuting the blomass into the smaller
fractions oocurs it a combine.
370 The provess of clalm 1. wherein the hydrolvzing agent and the water ave in an
agquecas solution,
2%, The process of elaim 1, wherein the bydrolyzing apent s a sodid
A The process of claim 1. wherein the hydrolyzing agent is presant at an amow of
about 2% e about 10 by weight,
M A continnous process for producing an snimal foed, the provess comprising:
cormminuting Momass inte smaller fractions:
contyeting the smaller fractions with a shurey comprising an inorgamc hysfrolvzing agemt
and water, such that @ moisture content of the contacted smaller fractions 18 between 253594,
thus producing 8 rested Blomass;
stering the treated biomaas for at least 24 howrs: and
freding the stored hicrmass 1o an animal.
3. The continuons process of clanm 30, whevedn the biomuass is com staver,
3400 The contimuons process of elaim 30, wherein commiuting the bomass

comprising grinding, shredding, or grinding and shredding the blomass.,

330 The continuous process of clam 30, further comprising moving the smaller
fraetions frem a deviee for eomsimsting the bionsassand onto & devicr configured for contacting

the smaller fractions with the slarry,

34, The contimus process of cladm 30, whevein confacting the smal! Bactions with

the sharry comaprises;

pumping the shurey Brom g oontainer 1o @ mesns Tor spraving the slarry on the smaller

fraoiions: and
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spraying the slorry on the amulier factions,

3% The contiouous provess of elaim 3, farther comprising collecting the bomass
frony a field,
A60 The continnoas process of elalm 35, wherein the collenting the biomass comprises
3 rvaking sod baling the blomuass from the fiekd.
Ao The continunas process of vladm 38, wherein the collecting the blomass compuises
balting the hlomass from a combine.
38, The vontinuous process of claim 30, whereln the inorganie hyvdrolyzing

selevted from the group comprising an oxide, a hydroxide, a carbonate, a bicarbonate, ¢

HY percarbeaate, caloinm oxide. caleinm bydroxide, sodinm byvdroside, potassiom hydroxide,
magnesium oxide, magnesinm bydroside, Hime, sodiam carbonate, sodinm bicarbonate, sodium
percarbonate. potassinn carbonate, potassiuns bicarbouate, potassitan percarbenate, and

combinations of any thereef,

38, The continuons process of claim 30, wherein the biomass is stored serobically.
4k The continunos proegss of elaim 30, wheredn the hiomass is stored anaerobically.
41, The continnous provess of claim 30, further comprising mixing an achiis,

agvieultural co-product with the treated hlomass,
42, The continucus procesy of claim 30, wherein the actdic, agricultami cospraduct is
Hauatd,

20 43 The process of claim 30, wherein the inergasic hydrolyzing agent s lime.

44, The process of claim 30, seherein the woisture content s between 45+
45 The process of claim 30, whersin the process ix casried out af ambiend pressurs
avd ambient emperature,
48, The process of elains 3, whereny the process s able o process at leaad 338
33 Rilogramy of the corp stover per mnule,
7 The provess of claim 30, wherein the procesy is able fo process ot least 430
Kilograms of the bomass per minute.
48, The process of claim 3, further comprising separating the snualler fragtions wito a
fine fraction and 8 coarse frachion.
38 45, A systea for converting biomuss e a move digestible androal feed, the syslem

Comnpame
addovive for comminuting bivasass inte smaller fractions:

g convever for moeving the smaller fractiong from the deviee; and
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4

mcans for spraying an spaeous solntion compriaing an inorganic byvdrolyeing agent onto the
simaller fractions on the convever.

M The s

stem of whyite 49, further comprising wun apparaiss for separating the

N

smaller fractions info & coarse fraction and a fine fracton,
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