PRODUCI NG EDI BLE RESI DUES FROM ETHANOL PRODUCTI ON RELATED APPLI CATI ONS
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BACKGROUND

Manufacturing plants exist for the production of ethanol from grains, e.g., corn,
and from sugars. Ethanol manufacturing is discussed in many sources, ¢.g., in The
Alcohol Textbook, 4™ Ed., ed. K.A. Jacques, et al., Nottingham University Press, 2003.
Distillers grains (also referred to as distillers grains and solubles (DGS) or dry distillers
grains (DDGS)) are a by-product of ethanol production. Distillers grains are a valuable
by-product, as they are a major source of low-cost livestock feed. However, recently
concerns have arisen due to the presence of antibiotics in distillers grains. The antibiotics
in the distillers grains are generally present as a result of the use of antibiotics in the
ethanol manufacturing process. Antibiotics such as penicillin and virginiamycin are used
to control bacteria that compete with yeast during fermentation, converting sugar into
lactic acid rather than ethanol. If restrictions on the sale or use of distillers grains are
imposed due to concerns over antibiotic content, this will further damage the profit
margins of ethanol producers, as well as depriving livestock farmers of a good source of
livestock feed.

U.S. Patent Application No. 20060127999, “Process for producing ethanol from
corn dry milling,” and U.S. Patent Application No. 20030077771, “Process for producing
ethanol,” are each incorporated by reference herein in their entireties. In addition, U.S.
Patent No. 7,351,559 “Process for producing ethanol,” U.S. Patent No. 7,074,603,
“Process for producing ethanol from corn dry milling” and U.S. Patent No. 6,509,180,
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In some implementations, the edible residue contains less than 50 ppm by weight
active antibiotic, e.g., less than 25 ppm, less than 10 ppm, or even less than 1ppm.

In one aspect, the invention features a method comprising irradiating edible
residues that have been produced as a by-product of an ethanol manufacturing
process.

Some implementations include one or more of the following features. The
edible residues comprise distillers grains and solubles, e.g., from a corn ethanol
process. Alternatively, the edible residues may comprise lignin, xylose and
minerals, and in some cases undigested cellulose, for example when the ethanol
manufacturing process utilizes a cellulosic feedstock and/or a lignocellulosic
feedstock.

In some cases, the edible residues contain an antibiotic, and irradiating is
performed under conditions that are selected to inactivate or destroy the antibiotic,
e.g., by changing the molecular structure of the antibiotic. In such cases, after
irradiation the edible residues can contain less than 100 ppm, such as less than 50,
25,10, or 1 ppm, by weight of active antibiotic, or can be substantially free of active
antibiotic. In some implementations, prior to irradiation the edible residues contain

from about 500 ppm to about 10,000 ppm by weight of active antibiotic.
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DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating a process for making ethanol and

distillers grains.

DETAILED DESCRIPTION

Referring to FIG. 1, a plant for manufacturing ethanol can include, for example,
one or more operating units (10) for receiving and physically treating a feedstock, which
in a typical grain-based (e.g., corn or grain) ethanol plant generally includes grain
receiving equipment and a hammermill. If the feedstock to be used is a non-grain
cellulosic or lignocellulosic material the operating units 10 may be configured to reduce
the size of the feedstock in a manner that exposes internal fibers of the feedstock, e.g., as
disclosed in U.S. Patent No. 7,470,463, the full disclosure of which is incorporated herein
by reference.

In some cases, for instance if the feedstock includes a material that is difficult to
treat by fermentation, e.g., crop residues or other lignocellulosic feedstocks, the plant
may include an optional operating unit configured to treat the feedstock to reduce its

recalcitrance. In some implementations, recalcitrance is reduced by at least 5%, or at least
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crude ethanol mixture using a stripping column (22), and the ethanol is then distilled
using a distillation unit (24), e.g., a rectifier. Finally, the ethanol can be dried using a
molecular sieve (26), denatured if necessary, and output to a desired shipping method.
Another stream comes off of the bottom of stripping column (22) and is passed
through a centrifuge (28). A liquid fraction, or “thin stillage (backset)” is then returned
to the process, generally prior to the cooking devices (12). The solids (“wet cake”) are

subjected to further processing, including drying, in an evaporator/dryer operating unit
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In some cases, the feedstock can be a cellulosic or lignocellulosic material that

has been physically treated and optionally pre-treated at a remote location and then
shipped to the plant, e.g., by rail, truck, ship (e.g., barge or supertanker), or air. In such
cases, the material may be shipped in a densified state for volume efficiency. For
example, the feedstock can be physically treated, e.g., using the size reduction techniques
described below, to a bulk density of less than about 0.35 g/cc, and then densified to have
a bulk density of at least about 0.5 g/cc. In some implementations, the densified material
can have a bulk density of at least 0.6, 0.7, 0.8, or 0.85 g/cc. Fibrous materials can be
densified using any suitable process, ¢.g., as disclosed in WO 2008/073186.

The feedstock can in some cases be fibrous in nature. Fiber sources include

cellulosic fiber sources, including paper and paper products (e.g., polycoated paper and
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mat hranii is ASMA described in Sonne-Hansen et al. (Applied M crobiol ogy
and Bi ot echnol ogy 1993, 38, 537-541) or Ahring et al. (Arch. Mcrobiol.
1997, 168, 114-119). To aid in the breakdown of the material s that

i nclude the cellulose (treated by any t hod described herein or even
untreated), one or nore enzynes, e.g., a cellulolytic enzyne can be
utilized. In sonme enbodi ments, the materials that include the cellul ose are
first treated with the enzyne, e.g., by conbining the material and the
enzynme in an agueous solution. ThIS naterlal can then be conblned wth -any
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The carboxylic acid groups in these products generally |lower the pH of the
fermentation solution, tending to inhibit fernmentation wth sone

m cr oor gawmorBl/04696¢ch as Pichia stipitis. Accordingly, i PCTAS2010961382 cases
desirable to add base and/or a buffer, before or during fernentation, to
bring up the pH of the solution. For exanple, sodium hydroxide or |ime can
be added to the fernentation nmediumto el evate the pH of the nediumto
range that is optimumfar the mcroorganismutilijzed ) Fernentation is
gener al | JIEeoTguta¢an c &fps WIS kieHC e di gt gt T
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and subject to spoilage, In sone cases it nmay be used, for instance where
t he |i vest ockBfcepcéssingoe.pe fammentatiomoé biconashe ehdrehend othaufradtats imay
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met hods di scl osed herein.
species such as Pichia species. An example of a strain of 7. mathranii is A3M4
described in Sonne-Hansen et al. (Applied Microbiology and Biotechnology 1993, 38,
537-541) or Ahring et al. (4rch. Microbiol. 1997, 168, 114-119).
To aid in the breakdown of the materials that include the cellulose (treated by any
method described herein or even untreated), one or more enzymes, €.g., a cellulolytic
enzyme can be utilized. In some embodiments, the materials that include the cellulose
are first treated with the enzyme, e.g., by combining the material and the enzyme in an
aqueous solution. This material can then be combined with any microorganism described
herein. In other embodiments, the materials that include the cellulose, the one or more
enzymes and the microorganism are combined concurrently, e.g., by combining in an
aqueous solution.
The carboxylic acid groups in these products generally lower the pH of the
fermentation solution, tending to inhibit fermentation with some microorganisms,

such as Pichia stipitis. Accordingly, itis in some cases desirable to add base and/or a

buffer, before or during fermentation, to bring up the pH of the solution. For



Accordingly, other enbodiments are within the scope of the foll ow ng
clainms. WHAT IS CLAIMED IS: 1. A nethod conpri sing: i rradiating
edi bl e r e¥0d0BR46%at have been produced as a by- product pafi/tsroienssaD]

manuf acturing process. 2. The nethod of claim1 wherein the edible

resi dues conprise distillers grains and solubles. 3. The nethod of claim1
or 2 wherein the ethanol manufacturing process is a corn ethanol process.

4. The method of claim 1 wherejn the edible residues conprise |ignin,

xyl ose aftmR!ReioqiEn hydFoxifleor bR san b aéﬁ%ff iR thedhEPeRAUPRESIBIE T osi due

further Ql@meitﬁgﬁHLU?%(Qﬁl%Hﬁgn ‘E@Hﬂéle(%ﬁgt is optimum for the microorganism

utilized.

Fermentation is generally conducted in an aqueous growth medium, which can
contain a nitrogen source or other nutrient source, ¢.g., urea, along with vitamins and
trace minerals and metals. It is generally preferable that the growth medium be sterile, or
at least have a low microbial load, ¢.g., bacterial count. Sterilization of the growth
medium may be accomplished in any desired manner. However, in preferred
implementations, sterilization is accomplished by irradiating the growth medium or the
individual components of the growth medium prior to mixing. The dosage of radiation is
generally as low as possible while still obtaining adequate results, in order to minimize
energy consumption and resulting cost. For example, in many instances, the growth
medium itself or components of the growth medium can be treated with a radiation dose
of less than 5 Mrad, such as less than 4, 3, 2 or 1 Mrad. In specific instances, the growth

medium is treated with a dose of between about 1 and 3 Mrad.

OTHER EMBODIMENTS

A number of embodiments have been described. Nevertheless, it will be
understood that various modifications may be made without departing from the spirit and
scope of the disclosure.

For example, while the production of dried distillers grains and solubles (DDGS)
is discussed above, in some cases the end product may instead be wet distillers grains and
solubles (WDGS). While WDGS, with its high moisture content, is generally expensive
to transport and subject to spoilage, in some cases it may be used, for instance where the
livestock feed is to be used close to the ethanol manufacturing facility. Such applications
are described, for example, in U.S. Patent No. 6,355,456, the full disclosure of which is
incorporated herein by reference.

Either wet-milling or dry-milling processes may be used in the methods disclosed
herein.

Accordingly, other embodiments are within the scope of the following claims.



6. The nethod of claim1l1, 4 or 5 wherein the ethanol nmanufacturing process
utilizes a cellulosic feedstock and/or a lignocellulosic feedstock. 7. The
met hod ofwolz2aim4easy of t he above clai ns wherein the edi lpce/usesiodsess2 cont ai n
an antibiotic, and irradiating is performed under conditions selected to

i nactivate or destroy the antibiotic. 8. The method of claim7 wherein,
after irradiation, the edible residues contain |less than 100 ppm such as

| ess than 5 5,10, or ppm by weight of active antibiotic. 9. The
met hod OWIER ilé@m@!&t he edi bl e residues are substantially free of
active antibiotic. 10. The nmethod of claim 7 wherein prior to irradiation
the edi bl epngshoyesmpeRigt ned from about 500 ppmto about 10,000 ppm by
wei ght of active anti bi ot c. 11. The method of claimany of clains 1-6

wherein, prior tg irradiation, the edible residues contain bacteria, and
i rradiation i $ryHating edblesgaiciues Bindibare heen pradugedas apyiiadpgdafapi a. 12,

The neth i - i the ethanol manufacturing process was
R e R

conducted w t anti biotics.

2. The method of claim 1 wherein the edible residues comprise distillers grains and

solubles.

3. The method of claim 1 or 2 wherein the ethanol manufacturing process is a corn

ethanol process.

4. The method of claim 1 wherein the edible residues comprise lignin, xylose and

minerals.

5. The method of claim 4 wherein the edible residue further comprises undigested

cellulose.

6. The method of claim 1, 4 or 5 wherein the ethanol manufacturing process utilizes

a cellulosic feedstock and/or a lignocellulosic feedstock.

7. The method of claim any of the above claims wherein the edible residues contain
an antibiotic, and irradiating is performed under conditions selected to inactivate or

destroy the antibiotic.

8. The method of claim 7 wherein, after irradiation, the edible residues contain less

than 100 ppm, such as less than 50, 25, 10, or 1 ppm, by weight of active antibiotic.

9. The method of claim 8 wherein the edible residues are substantially free of active

antibiotic.

10. The method of claim 7 wherein prior to irradiation the edible residues

contained from about 500 ppm to about 10,000 ppm by weight of active antibiotic.



13. The method of claim2 wherein the distillers grains and sol ubl es have
been dried, producing dried distillers grains and sol ubles (DDGS). 14. The
met hod ofwol2aimm4d7wherein drying is performed prior topcrrasdiiatszsz 15.
The met hod of any of the above clains, wherein irradiation is delivered at
a dose of greater than about 0.5 MRad. 16. The nethod of any of the above
clainms, wherein irradiation is delivered at a dose of |ess than about

5Mad. 17. The nethod of any of the abqgve clains, wherein irradjation is
del i ver edl-afheamghed &claiparpyfslaime 1r@ vatssein, Briqr pdrradiation, the edible

residues contain bacteria, and irradiation is performed under conditions that

destroy the bacteria.

12. The method of claim 11 wherein the ethanol manufacturing process was

conducted without addition of antibiotics.

13. The method of claim 2 wherein the distillers grains and solubles have been

dried, producing dried distillers grains and solubles (DDGS).

14. The method of claim 13 wherein drying is performed prior to irradiation.

15. The method of any of the above claims, wherein irradiation is delivered at a

dose of greater than about 0.5 MRad.

16. The method of any of the above claims, wherein irradiation is delivered at a

dose of less than about 5Mrad.

17. The method of any of the above claims, wherein irradiation is delivered at a

dose of from about 1 to about 3 Mrad.
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