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STABIIZED CHLORINE DIOXIDE TO PRESERVE CARBOHYDRATE
FEEDSTOCKS

FIELD OF THE INVENTION

The present invention relates 3 process for substantially preventing
ricrobial growth, in a carbohydrate feadstock, during storage or transport
including & process wherein the solution or suspansion is a feedsinnk

intended for fuel ethanol production.

SACKGROUND OF THE INVENTION

Racently there has been substantial growth in in’iegraied
biorefineries in which any number of agriculiural feedsiocks can be
converted into renewable fuels as well as highervalue chemicals, materials,
and pharmaceuticals. A biorefinery operates on a concept similarto a
pelrochermical refinery. Incoming feedstocks for biorefineries inciude
traditional agricultural preducts such as com, milo, wheat, barley, millef,
straw, sorghum, sugar cane, sugar beets, molasses, whey, fruits, and
poiatoes, and also other products that are currently classified as wasie
streams such as wood wasle, bagasse, paper waste, and municipal solid
waste. An appeal of such feedstocks is the carbohydrate content, which
can be exploiled as a reactant in a biorefinery. The products from a
biarefinery may be inlended for human consumption, such as sugar
produced from sugar cane or molasses produced from sugar beets or for
use as fuel or in chemical synthesis, such as ethanol and succinic acid

produced from com.

A particular application of biorefining Is the production of fuel eihanol.
As petreleum reserves become deplated and more expensive, the need for
afternative, and preferably susiainable, energy sources increases. Ethanoi
is an option for pariial or compiete replacement of petro!éum~based fuels for -
different applications. Ethanol-powered automobiles are a reality. Ethanol
has advantages over the use of conventional gasoline as a renewable fuel

SOUICe.



WO 2011/038317 PCT/US2010/050342

(%]

o
L

20

2
[¥,3

30

CH3305PCT

Currently both industnial ethanol (g.g., fuel) and beverags ethanol are
produced on large scale from agriculivral {(natural) feedsiocks by
fermentation processes in which sugar is converted to ethanol and carbon
diaxide by inoculant yeast. Many feedstocks can be used to provide the
sugar for fermenting, including potentially, any starch or celiulosic matesial,
witich includes nearly all plants, as any starch or celluiose can be a
precurser to sugar. Some of the common feedstocks particularly sultable
for producing fusl ethano! include corn, mile, sorghum, sugar cane, sugar

besls and molasses,

A significant problem facing biorefineries is spoilage of feedstocks
during storage and transport. As raw agriculiural materials, these
feadstocks typically contain high levels of undesirable microorganisms such
as bacteria, fungl, and undesirable veasts that can degrade {spoil) the
feedstock prior to entering a biorefining process. These microorganisms
may be introduced as parl of the original source of the feedstock or from
prefminary preparation steps for corn feedstocks. Undesirable

NICFoOrganisms may contain enzymes which convert the fesdetocks into
sugars that are metabolized by the microorganism faciltating its growth.
Thus, valuabie Teadstock is lost as it s consumed by the microorganism.
Growth of these microorganisms reduces the value of the incoming
feedstock. In a particular example, a significant problem with the storage of
molasses and sugar cang of sugar beet juice is deterioration of the sugar
content dug & the action of spollage microorganisms such as Leuconosifoc

or Lacichacillus.

While biocides are generally suitable to treat materials containing
undesiralle microorganisms, they are non-specific and attack target and
non-targel microorganisms. Biocides perform poorly in farmentation
systems, hecause they can attack the incculant yeast. Chiorine dioxide is a
hiocide that has been used in fermentation systems o treat microorganism
infaction. The chlorine dioxide may be introduced as chiorine dioxide gas
from a suitabie chiorine dioxide generator. Allernatively, stabilized chlorine

dioxide {SCD) can be aclivated by contact with acid. Use of 8CD to prevent
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microorganism infection in the presence of acid is disclosed in WO
2007/149450,

Ziegler discloses in WO 2007/087874 a method to reduce

undesirable microorganiams, such as bacteria, contaminant yeast or kifler

o

yaast, in a fermentation process using chiorine dioxide {CiC2) gas. This
process requires gensration sguipment and reaclants necessary to
generale ClO7 gas. The generated CiOg must be used as it s produced,
hecauss # degradss when exposed to light, or when in contact with any
organic matier such as would be present in a ferrmentation process. Ziegler
14 teaches against use of stabifized chiorine diovide as being difficull and

imprecise, with polential to kill desire veast and/or inhibil needed enzymes.,

Stabilized chlorine dioxide is available commercially, Stahilized
chiorine dioxide is generally & buffered solution {e.g., using a carbonate
buffer for alkaline pH) of sadium chiorite, although cther sources of chiorine

15 dioxide also exist. Buffered sodium chioriie solutions are siable for long
periods of time. Buffered sodium chiorite solutions can generate chiorine
dioxide when activated, such as by chemical exidation (e.9., with ozone or
chioring), electrochemical oxidation, or acidification {2.g., using a strong
acid such as HCH. See, &.g., "Chiorine Oxygen Acids and Saits, Chlorous

20 Acid, Chiorites and Chloring Dioxide” by Jerry J. Kaczur and David W.
Cawifleld, published online: 34 December, 2000, in Kirk-Othmer

Encyclopedia of Chamical Technology.

There remains & need for a process to reduce the level of

microorganism confaminanis in feedstocks intended for use in a range of

-2
LA

hiorefinery processas. Carbohydrate-containing feedstacks, including
sigar crops and cellulose feedstocks, are susceptible 1o spailage from
microorganisms. Blorefinery processes include manufacture of fuel ethanol,
wraakdown of cellulose containing biomass, sugar produdtion (from sugar
cane and/or sugar beets), sugar cane refining, processing of starches, such
3¢ as polato starch and comn starch, among others. There s a further need for
a process to preverﬁ't deterioration of feedstocks, such as carbohydrate

solutions and suspensions, during storage and transportation,
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It is desired to have a simpla and sconomical process to stabilize
carbohydrate feedstocks in sforage and in ransport. it is desired to have g
process which does not infroduce unnecessary and/or undesirable agents
into the feedstock, particularly agents which adversely affect the guality of

bigrefinery products, such as ethanol.
The present invention meeats these neads,

SUMMARY OF THE INVENTION

A process o preserve a carbohydrate feedstock against contaminant
microorganisms comprises of consials essentially of or consists of
aontacting the carbohydrate feedstock with z stabilized chiorine dioxide at 5
pH of at least 2.6. The concentration of the carbohydrate in the feedstock is
at least 1% and preferably ranges from 1 fo 70%, by weight, based on the
total feedstook weight. The amount of siabllized chisring dioxide is 10 1o
10000 mg/kg, as available chiorine dioxide, based on the fotal feedstock
waight, The carbohvdrate fesdstock preferably comprises a
naturalty-occurring carbohydrate. Surprisingly, the process is effective in

the absence of added acid or oxidant o generate chiorine dioxide,

In one aspect, there is provided a process to preserve a carbohydrate feedstock against
microorganisms comprising contacting the carbohydrate feedstock in a unit operation, wherein sard umit
operation is storage, or transport, or a step taken prior to the use of the carbohydrate feedstock, with a
stabilized chlorine dioxide at a pH of at least 2.6 wherein the concentration of the carbohydrate is at least
1%, by weight of the feedstock, and the amount of stabilized chlorine dioxide added is 10 to 10000 mg/kg
as CIO,, based on total feedstock weight, wherein microbial popuiation in the feedstock does not increase

more than 1 logo CFU/ml or 1 logyq CFU/g over a period of at least one month.

RDETAILED DESCRIPTION

Tradamarks herein are denoled in upper case,

The present invention comprises a process (o preserve a carbohydrate
feedstock against detericration by contaminant microorganiams. The
sarbahydrate feedstock may be a carbohydrale solution or suspension in an
agueous medium. By the ferm “"agueous medium” as used herein is meant the
medium is subsiantially water, such as for example greater than 80% water,
preferably greater than 80% water, mors preferably greater than 95% water. The

agueous medium can be greater than 89% water.

The process comprises or consists essentially of or consists of
sontacting the carbohydrate solution or suspension with a stabilized
chiorine dioxide at a pH of at least 2.8, preferably at least 3, preferably at
least pH 2.5, preferably at teast pH 4, preferably at least pH 4.5 and
preferably not greater than pH 8. The concentration of the carbohydrate is

4
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at least 1% in the feedstock, preferably 1 io 70%, based on the tolal
feadsiock weight, and the amount of stabilized chiorine dioxide added is 10
to 10080 mg/kg as avallable chiorine dioxide content, basad on the fotal

feadsiock walght,
3 Preservalion

By the terms "preserve” and “preservation” as applied herein to a
carbohydrate feedstock is meant prevention of reaction or consumption of
carbohydrate by contaminant microorganisms such as bactaria.
Preservation provides a slable carbohvdrate fesdstock that does not

10 undergoe substantial change, such as would result from reaction or
consumplion dus to microbiological metabolism, over g period of time of af
least one month. One measure of change Is the microbial popuiation of the
praserved feedstock. When properly preserved, the carbohydrate
feedstock does nof undergo an increase in the microbial population in the

15 feedstock of more than 1 logqg CFUMmE or 1logyg CFUMG. Typioally
microbial population is sxpressed as log10 CFU/m for liquid feedstocks and
as logtl CFU/g for solid/semi-solid feadstocks. The expression log10

CFU{g can also be used for liguid fsedstocks.

A second measure of change is pM of the presarved feadstock
20 shouid not changs by morg than 0.5 pH unilts. While pH measurement
provides a more rapid assessment of preservation effect than measuremen
of microbial population, & will be appreciated by Hwse skilled in the art that
pH change may not be sufficient under all circumstances to monitor

presarvation of {l.e., lack of change in) a carbohydrate feedstock. For

B
%51

example, for buffered feedstocks or feedstocks at pH less than aboui pH 8,
substantal microbial contamination may ocour before pH changes by 0.5

pH unifs.

it will be further appreciated by those skilled in the art that other
measures of change may be used. For sxample, detection of the presence

30 of undesired compounds may indicate change, such as a product from
metabolism of the carbohydrate feedstock. Detection methods may include

spactroghotometey, chromatography, and other methods known o those
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skilled in the art. Still other measures may include physical changes to the
carbohydrate feedstock such as specific gravity or viscosity.

The present invention relates to a method of preserving a

carbohydrate feedsiock in unit operations. By “unit operations” is meant

(¥

any operation invelving the carbohydrate feedstock, and in particular,
storage, transport, pre-processing and production. "Pre-processing” means
frorein any step taken immediately prior to use of the feedsiock.
Pre-processing immediately prior to use of the feedstock include ransfer of
the feedstock from one vessel, e.q., storage, to 2 second vessel, e.q.,

10 fermentation tank, such as in a biorefinery for production of ethanol.
Froduction operstions include progesses for ihe production of a
carbohydrate feedstock that is & non-fermented product, such as sugar.
The preservation prevents or delays deterioration associated with microbial

activity in the feedstocks. The feedstocks are used for subsequent

-t
|51

conversion into end products via fermeniation or similar processes, or

incorporation inle other processes used to produce end products.

Carbohydrate Faedstock

A “carbohydrate” as used herein is a monosaccharide, a
disaccharide, an ofigosaccharide, or a polysaccharide. Carbohydrates as
20 used herein can be monosaccharides, disaccharides, oligosaccharides,
polysaccharides, or mixtures of two or more thareof. Examplas of
monesaccharides, disaccharides, oligosaccharides, and polysaccharides
are known fo those skilled in the art. The carbchydrate is preferably »

naturaliy-ocourming carbohydrate. The nalurally-occurring carhohydrate

A

25 may or may not have a reducing end group. Such carbohydrates are more
readily metabolized, and therefore more susceptible fo deterioration by
pHCroorganisms. ‘

Depending on the intended use, a carbohydrate feedsiock
comprising nen-moenecsaccharide carbohydrates may require pretreatment

30 such as hydrolysis to convert the non-monosaccharide carbohydrates to

fermeriable sugars. For exanipfe, a carbolwdrate feedsiocik may consist of

cornstarch in water, Cornstarch is a polysaccharide made up of individual
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units of giucose that are linked together. The comstarch may be pretreated
to convert the polysaccharlde sequentiaily to smailer {(shorfer)
polvsaccharides {dexdrins) and fo glucose (a monosaccharide), for example,
by Using en;éymes. '

The carbohydrate feedstook may also be inthe form of a mash. The
term "mash” as used herein is & composiiion comprising a fermentable
sugar or a precursor io @ fermeantable sugar. -More generally, mash includes
any mixiure of grain or other carbohydrate in water that is used in the
production of ethanol. Mash can refer o carbohydrate-containing
compositions used at any stage in ethano! fermentation, from mixing which
accurs prior to cooking and/or saccharification of a fermentable sugar
precursor to the composition produced upon compietion of fermentation.
Mash is further defined in Jacaues, KA, Lyvons, TP, Keisgll, D.R, "The
Alcohol Textbook”, 2003, 426-424, Notlingham University Press, UKL

A carbohydrate feedstock can be a solution or suspensionof a
fermentable sugar. More specifically, a fermeniable suger as used hersin is
a soiution or suspension of a carbohydrate thal is derived from essentially
any plant source comprising sugar, starch and/or celiiose, That is, starch
and/or celiulose can be canverted by processes known inthe art, e.g., using
enzymas, 0 a fermeniable sugar. The fermentable sugar can be derived
from one or more of any grain-based product such as com, wood chips,
wheat straw, corn slover, swilch grass. The Termentable sugar may
afternatively be derivext from milo, barley, millet, sorghum, sugar cane,
sugar beatls, molasses, whey, polaloess, algas, seaweed, and other
biological sources. Processes are known 1o those sidlied inthe arl o
convert the plant sources {o a fermentable sugar. Conveniendly, the
fermentable sugar is derived from corn, using sither the wet mill or dry miil
pmcaaé to produce a liquefied starch. The liquelied starch undergoes
saccharification, in which the starch 5 contactad with enzymes o convert

the starch to giucose, thus forming the fermeniable sugar.
The carbohydrate fesdsiock may comprise up 1o 100% by weight of

carbohydrates. Generally the carbohydrate feedstock comprises between
1% and 70% carbohydrate based on the total waight of the feedstock,
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preferably between 2 and 40%. The amount and composition of the
carbohydratas in the feedstock can vary depending on the intendead end use.
For example, corn steep liquor, which is a carbohydrate solution is obtained

from a wet mill process, may comprise 16.5% carbohydrales. In a wet mill

L

process, oo is soaked or stoeped and then separated info various
componernts. The corm sisep liuor is the aqueous liguid oblained after the
corn has been soaked for an extended period, during which readily
fermentable soluble components are exracted from the corn solids inio the
steep water. The starch camponent from the wel mili process may

i comprise up to 40% by weight carbohydrates.

The carbohydrate feedsiock may cornprise other components
generaily functioning as adjunc!s to the solutivns and/or suspensions. For
axample, the carbohydrate feadstock may comprise enzymes, surfactants,
dispersants, antifoaming compositions, minerals, trace slements, and

15 combinations of two or more thereof. Theses components and other
componenis that act as adjiuncts are weli-known fo those skilled in the art.
The carbohydraie feedstock may comprise up {o 70% by weight, based on
the toial feedstock weight of the other components, preferably the
carbohydrate feedstock comprises 2 to 40% by weight, more preferably, 2
20 fo 35% by welight of one or more of the components,

Microorganisms

Microorganisms in the context of this invertion are in two categories,
desirable and undesirable microorganisms. Desirable microorganisms
such as Saccharomyces cercvisiae are used in the fermentation of glucose

25 into ethanol and carbon dioxide. Other desirable microorganisms are used
in other biorefinery processes. Desirable microorganisms are not typically

present in carbohydrate feadsiocks.

Undesirable microorganisms include bacteria, fungl, wild or
contaminant yeasts, and other microorganisms capable of metaboiizing
306 components of a carbohydrate feedstock {0 sustain the viability of the

microorganism. Undesirable microorganisms contaminale carbohydrate



WO 2013/038317 PCT/US2010/050342

CH3305PCT

feadstocks, utilize the feedsiock as a food source, multinly, and thus deplete
the feedsiock.

Undesirable microorganisims such as confaminant veasts are often
found i both industrial and baverage ethanol production, and can cause
5 severs episodes of contamination, resuliing in reduced ethanol productivity,
These unwanied microorganisms are introduced into the process through

the feadstock, process water, alr, operalors, and numerous other sources.

Uindesirable microorganisins, such as badcleria, produce products

such as acelic and lactic acids from glucose feedstocks, that not only

Ry
e
<

consume ths feedstock and thus prevent feedsiook conversion to desired
products, but also adversaly affect desirable microorganisms in a
biorefining procass. For exampls, acefic and lactic acids adverssely affect
the rate at which Saccharomyces cerevisiae converts glucose to ethanol.
The present invention utilizes SCI to control undesirable microorganisms,

for axample, during storage and fransport, preserving the feedsiock.

-
L]

Carbohvdrate feedsiocks arg a rich source of nuirents that can
suppart the growth of various microorganisms. Carbohydrate feedstocks
advantageously serve as both nutriants for a desirable microorganism, such
as veast in fermentation, and as starting materials for producing ethanol.

20 However, undesirable microorganisms profiferate in the nutritional
carbohydrate feedstock during slorage and Fansportalion prior to
fermentation or ofher end use, restiiting i deterforation of the feedstock,
Moreover, undesirable microorganisms commonly associated with

deterioration of carbohydrate feedstocks may naturally coour i any sterting

25 material for a biorefining process, or may be infroduced frem external
sources such as process equipment, impurities in the feedsiock itself,
among others.

By "deterioration” of & carbohydrate feedsiock is meant chamical
conversion of a carbohydrate in the carbohydrate feedsiock resulting from

30 reastion of the carbohydrate with or consumiption of the carbohydrate by the

undesirable microarganism. For example, undesirable microorganisms

may consumse carbohydrates as a nulritional source for metabolism of the
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microorganisms for their profiferation. Alternatlively, undesirable
microcorganisms can react with carbohydrales and convert the carbahydrate
into a differant chemical compound, without metabolizing the carbohydrale.

For example, Leuconosioc mesenferoides, a bacterium thal is nalurally

N

prasent in exiracted sugarcane juice, converts sucrose, a disaccharide, info
daxiran, a polysaccharide. Conversion of sucrose o dextran results in
ower vield when sugarcane juice is used to manufacture orystal sugar.
Similarly, Termendation productivity is lower when sugarcane juice

contaminated by L. mesenferoides is used in ethano! fermentation.

16 Siabilized Chivrine Dioxide

The term "stabllized chioring dioxide” otherwise refarred to hersin as "BC0°
maang one of more chioring dioxide-cantalning oxy-chiorine complexes, one or
mare chiorife-containing compounds, one or more other endilies capable of

forming chiorine dioxide when exposead to acid, and combinations thereof, Thus,

st
LA
~h

stabilized chioring dioxide comprises al lsast one of a chiorine dioxide-containing
oxy-chiorine complex, a chiorte-coniaining compound, or an eniify capable of
fonming chiorine dicdde in a liguid medium when exposed to acid. 5CD s

available commercially.

Among the preferred chigrine dioxide-containing oxy-chlorine
20 complex s sslecied from the group consisting of a complex of chioring
dioxide with carbonate, a complex of chivrine dioxide with bicarbonals and
rabidures thereof. Examples of chiorile-containing compounds include metal
chiorites, and in parficular alkal mstal and atkaline earth metal chioriies, A
specific example of a chiorite-containing compound that is useful as a
25 chiorine dicxide precursor is sodium chiorile, which can be used as

technical grade sodivm chioris.

SCL s preferably an agueous solution of an alkali metal or akaline
sarth metal chilorite, typically sodium chiorite (NaCiGg}) Sodium chiorile in
solution is generally stable at pH above 7, but releases the actlive chioring

30 dioxide {ClO9), when the pH is lowered below neutral (pH 7). The rate of
activation of SCD, that is, the rate al which the active CIOs is relessed fraom

the stable form, increases as pH decreases,

10
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The exact chemical composition of many of SCD compositions, and
in particular, chiorine dioxide-containing oxy-chlorine cormplexes, is not
compietely undersiood. The manufacture or produciion of certain chiorine

dioxide precursors s desaribed by Gordon, U.S. Patent 3,585,147 and

h

Lovely, U5, Pateni 3,581,515, Specific examples of commercially
available and useful stabilized chiorine dioxide include, for example,
ANTHIUM DIOXCIDE and FERMASURE, available from E. 1. du Pont
de Nemours and Company, Wilmington DE; OXINE and PUROGENE,

available from Bio-Cide international, Inc., Nomnan, O

i0 SC0 may be provided as a solution of the one or more chlorine
' dioxide-containing oxy-chioring complexes, one or more chiorite-containing

compounds, one or more other entities capable of forming chlerine dioxide
when exposed 1o acid, and combinations thereof. The solution provides
SCH in & Hguid medium at a predetermined conceniration of actives as

1% available chiorine dioxide (CHO5). Preferably, the liguid medium has
sufficient 3CD to have an available chiorine dioxide concentration in the
range of about 8.002% to about 40% by weight, preferably, in the range of
about 2% to about 25% by weight, more preferably in the range of about 5%
to abowt 15% by weight, based on the tolal weight of the liquid medium

20 including the chiorine dicxide-containing oxy-chiorng complexes,
chiorite-containing compounds, other entities capable of forming chiorine

dioxide when exposed to acid, and combinations thereof.

SCD may be provided as a solid material, such as & composition
comprising an afkali or alkaline sarth metal chiorite powder, inarf ingredients,
25 and optionally dry activator such as a dry acid,

=CL may also be provided as a midurs {or slurry) comprising &
saturated sohution of alkali or alkaline earth metal chiorile powder and
additional solid alkali or alkaline earth metal chiorite powdear. Such slurries

provide a liguid SCD with a higher aclive ingradient level than available in

(5]
s

soiution form.

The iwvention is hereinafler described in terms of S3CD as sighilized

alkalt metal ¢hlorite, more specifically sodium chiorite (NaClOs). Typically

11
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sodium chiorile is used as an agueocus solufion comprising 5 — 22% by
weight, based on solution weight of sodium chiorita in water, Hareinafler
SCD concentrations are described in {erms of the concentration of chiorine
dioxids avaitable when the chiorite is sioichiometrically convearted to
chioring dioxide, "available ClO2". The content of potential chlorine dioxide
in 1 ¢ of sodivm chiorite 1s 0.507 g, Sodium chiorte solulions comprising 3
— 22% by weight of sodium chigrite thus contain 2.88 — 13.13% availsbie
chiorine dioxide. The generation of GOy is ilustratad by the following

aquation (1x
5NaClOp + 4HY 2 4 Ci02 (o) + 2 HpO + CFF + 5 Na* {1}
wherein one NallOy molecule provides 0.8 ClOy molecules.

The present invention comprises use of SCD as a preservative in
carbohydrate fecdstocks {0 suppress reaction of the carbohydrate with or
consumption of the carbohydrate by microorganisms. Such contamination
may oceur at the source of production of the carbohydrate feadstock ar
during storage, transportation or other transter prior o use of the feedstock.
Carbohydrate feedstocks thus preserved maintain the carhehydrale content
for use, such as in a biorefinery, or other consumption after storage and

transport,

SCD s added to the carbohydrate solution in the range of 10 mgfhg
to 10000 mg/kg as avaiéahéé chiorine dioxide, preferably in the rangs of 10
mglkeg to 5000 mo/kg, more preferably 50 mgflkg to 1000 mgfkg, and most
pre?erabiy 108-500 mo/kg, a5 available chicorine dioxide. 2CD iz effeciive
when the pH of the carbohydrate solution generally ranges between 2.6
and 9,

piH Limitations

SCD as defined herein comprises at least one of a chioring
dioxide-containing axy-chloring complax, a chivrite-containing
compound, or an entity capable of forming chioring dicydde in a liguid
medium when exposed o acid. When 3C0 is an agqueous solution of
sodiurn chiorite, the SCD has a pH of greater than pH 7. Sodium

12
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chiorfie solutions release the active chioring dioxide {Cl09), aspH s
lowered. The rate of chiorine dioxide release from SCD aqueous
zolutions increases as pH s reduced from pH of about S o 610 2.6,

This rate may vary depending on several factors. For example,

LA

different ClOg precursors may release the ClO» at different rates
within at the same or simitar pH. Cther factors such as the buffering
capacity of a solution may affect the rate of ClGo release from SCD

acintions. These faclors are well knova o those skilled in the art

The pH of the feedstonk is fypically ot least pH 2.6. The pH

i0  preferably ranges from a pH of 3 to pH 9, preferably 3.5 t© 8, more
preferably 4 o 7, and most prefarably 4.5 10 7. W desired, pH may be

raised by the addition of a base, such as an alkall or alkaline earth
hydroxide or carbonate to the desired range. Similarly, i deskead, pH

may be lowered by the addition of an acid, such as citric, hydrochioric

3

ot
LA

or phosphoric, to the desived range. For example, the pH of com
mash iz usually adiusted to between 4.5 and £.8, to facilitale the

efficacy of alpha-amylase and gluce-amylase enzymes, respectively.

The invention is hersinafier described in terms of SCh being a
stabilized alkall metal chiorite, more specificaily the most common
20 and commercially available of the slkali metal chiorites, sodium
chiorite {NaCIO2). By stabilized alkali metal chioriie is meanta
huffered solution of the chiorite at a pH above 7, preferably pH of
8-10. The solution typically comprises 5 — 22% wiw sodium chlorite

in water, although the concentration of sodium chilorite may alsc be

trs

higher or lower, Hereinafier 30D concendrations are described in
wwrms of the concentration of chiorine dioxide available as ClGg

when the chiorite is stoichiometrically converted {o chiorine dioxide.
Process

The present invention is a process to preserve carbohvdraie
3¢ feedstocks comprising or consisting essentially of or consisting of
contacting ihe carbohydrate fsedstock with a stabilized chiorine dioxide

{"SCEO™. 8CD includes alkali and alkaline earth metal chioriles. The

13
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stabilized chiorine dioxide comprises af least one of 8 chiorine
dioxide-containing oxy-chlorine complex, a chiorite-containing compound,
of an entity capable of forming chiorine dinxide in a liquid medium when
exposead o acid. SCD is added in an amount to provide 10 to 10000 mglkg
of total available chiorine dioxide, bassd on total weight of the feadstock
FPreforably, SCD s added in an amount to provide 10 fo 5000 mg/kg of total
availabie chiorine dioxide, more prefarably 50 mafkg to 1000 mg/kg, and

most preferably 100-500 mgfikg, a5 avallable chiorine dioxide.

In the process of the present invention, SCD s contacted with a
carbohydrate feedstock, such as g mash, in an effective amount 1o protect
the carbohydrate from the arowth of undesirable microorganisms and thus
o prevent deterioration of the feedstock. Delsrioration of the feedsiock can
be determined by the populations of contaminant microorganisms present,
ar the conseniration of microbial metabolétes,r such as organic acids, that
generally indicate unintended and undesirable microbial activity in the
feodstock, Microorganiams are thus substantizily prevented from
proliferating in the stored or fransported feedstock following the addition of
S0,

Surprisingly, the carbohydrate feedsiock treated according fo this
invention remains stable for at least one month. By "stable”, it is meant
herein the addition of 5CD presarves the carbohydrate fesdsiock, where
"presarve” is defined hereinabove as preveniing reaction of or consumption
of carbohydrate by contaminant microorganisms. A siable carbohydrate
feedstock does not underge an increase in the microbial population in the
feedstock of more than 1 logqp CFWmi or 1 logqp CFUgG. CFU, an
abbreviation Tor coimyf@méﬂg unit, is & measure of microbial population in
the fesdsiock. CFU s used to determine the number of viable microbial
cells in a sample per unif volume or per unit mass, or the degres of microbial
contamination in samples. A second measure of change is pH of the
praserved fesadstock should not change by more than 0.5 pH uniis.
However, as previously stated, pH change may not be sufficient under ail

circumstances o monifor preservation of & carbohydrale feedeiock,
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The carbohydrate feedstock can be an agueous solution or
suspension comprising monosancharides, disaccharides, oligosaccharides,
polysaccharides, or mixtures theveof. The carbohydratz feedstock may
comprise a fermentable sugar, in particular, when the fesdstock is intended
for use in production of sugar products {such as iable sugar or molasses) for
human consumplion or for use in fuel athanol fermantation. The
carbohydrate feedstock may comprise up to 100% by weight of
carbohydrates. Generally the carbohydrate feedstouk comprises between
1% and 70% carbohydrate based on the total waight of the feadsinek,

nreferably between 2 and 40%.

Surprisingly, the process is effective in the absence of added acid fo
genarate chlorine dioxide. By the "sbsence of added scid” is meant hereir
that no acid is added or other method such as oxidation used to gensrals
chioring dioxide. The process is ypically performed at a pH of al least 2.6.
The pH preferably ranges from a pH of 3 fo pH 9, preferably 3.5 10 8, more

oreferably 40 7, and mos! preferabiv4.510 7.

in a secend embodiment, SCO is contacted with a carbohydrate
feedstock in a unit operation in which microorganisms have begun o
deteriorate the feadstock, While loss of carbohydrale is rreversible,
deterioration can be interrupied and the feedsiock pressrvad for
subsaguent processing of the carbohydrates. In this embodiment, SCD s
addad I ar amount o provide 50 to 10000 mgfkg of olal gvasiiable chiorine
dioxide, based on tolal weight of the fesdsiock Pr‘éferab{y, SCO s added In
an amount to provide 100 to 5000 mgfkg, more preferably 100-1000 mg/fig,
of total avallable chiorine dioxide.

Carbohydrate feedstocks preserved with SCD according o the
process of this invention can bs used in fermentation and other biorefinery
pmﬂésses. The SCL content, carbohydrate concentration, and pH may
vary depending on specific desired processss parameiers. These

variations are well known o those skilled In the &i

frs the prasent invention, SCD = used as a presermvative Tor

carbohydrate feedstocks to impede contaminant microorganism activity and
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subseqguent deterioration of the carbohydrate feedstock. Contaminant
microurganisms include bacleria as disclosed in WO 20077148450 and
contaminant yeast as disclosed in U3, Patent Application Seriat No.

2i467 728, filed May 18, 2009, STD inhibits growth of certain bacteria that
cause undesired decomposition of carbohydrates such as simple sugars to
deleterious acids and also seleciively 1o reduce the aciivity of contaminant

yvaasts,

SCEL can be used o control microblal spoliage of carbohydrate
feedstocks such as sugar-basad feedstocks and celulose feadsiocks.,
Cellulose faedstocks include unprocessed plant material such as
switchgrass, or agricuftural by-products such as corn staver and bagasse.

Sugar-based fesdstocks include sugarcans juice and molasses.

in certain biovefinery process, the pH of freshly processed sugarcane
huics or molasses is approximately 5 (usually between pH 4.5 and pH 5.5
Sugarcane juice containg 10-15% sucrose, while molasses containg up to
50% sucrose. in fhis embodiment, 3C0 is contacted with the sugarcans
juice of molasses. This contact may be immediately upon production, which
is beneficiat to impede microorganism activity if the product is intended for
storage or transporfation. Sugercane juics and molasses tend o have
naturatly scourring high levels of contamination by microorganisms that
contribude to sugarcane juice or molasses spoilage. Thus, contact with
50D according to this invention extends useful storage life of these
producis by reducing the capacity of spoilage microorganisms o grow in
and deteriorate the juice or molasses. Depending on the pH and the
sucrose (carbohydrate) concentration, a dose of 200-1500 mg/kg of SCD as
avaitable ClOs {e.g., 335-2510 mylkg of sodium ohioriie, based on tolal
feedsiock weight} is sufficient to prevent the growth of microorganisms in

the cane juice or moiasses.

Thus, in the process of this invention, there is improvement in
storage and transportation of carbohydrate fesdstock by reducing
deterioration thus improving operation of downstream operations, such as

farmerntation.

16
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EXAMPLES

The examples demonstrate the presenvation of carbohydrates stored
in the presence of 3C0. In these bxamples, SCD is a buffered solution of
sodium chiorite (21% wiw) having a pH of 8.2, available from E. 1 du Poni

de Nemours and Company, Wilmington, DE.

L%

Example 1

in this Example, SCD was used to conlrol growth of spollage bacteria
in molasses. Molasses (available from B&G Foods, Inc., Roseland, NJ,
carbohydrate content of about 50% ) was diluted with 3.1 parts water {c
10 model industrial conditions. The diluted molasses solulion was sterilized by
autociaving al a temperaiure of 121°C. The pH of the sterllized solution was
§.32. The solufion was then divided o 7 individual 75%-mi samples in
individual 125-mnl flasks. 5CD was added o each flask fo give a range of

concentrations from (¢ to 450 mg/kg, based on avaiiable Ci0y,

15 Lactobacillus brevis and Laclobacillizg plantarum, bacteria known to
contarminaie industrial ethanol production, were used in this Example. The
bacteria were separaiely grown overnight in deMan Rogosa and Sharpe
(MRS} brath {avaiiable from Difco Laboratories, Inc., Sparks, MD) at 32°C.
The bacteria were then mixed together and inoculated into the individual

20 samples to provide approximately 107 bacteria/mi {as colony forming
uniis/ml, expressed as "5 logqp CFU/mI.

Tolal viable bacteria in the samples herein was measured as a
conceniration of colony forming units {CFUY par unit of valume (Le.,
CFUMmi) of sample. There is 3 direct correlation of concentration of bacteria

25 in the samples and the CFU measurement, Thus, the higher the
concentration of bacleria, the higher the CFU would be and vice versa. Asa
convention, GFUs are ansformed mathematically into logarithmic values

(LogenCRU) to simplify comparisons between different treatments,

The ability of SCD to inhiblt the growth of L. brevis and L. planfarum
30 was measured by plating out samples from each flask. At 24-hour (h}

intervais, samples were withdrawn from each fiask, diluted using sierile

17
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phosphate-buffered saline {avallable from Sigma-Akdrich, Ine., St Louis,
MO} and plated (0.1 ml} onto the surface of MRS plates. Plates were
incubated at 32°C and resultant colonies were counted, the results are

shown in Table 1.

5 Table 1. Response of L. brevis and L. plantarum to treatment with stabilized

chioring dioxide at 32°C in diluied molasses

) Logigy CFU/mI

S0 concentration

Gh 24 b 48 k
0 mgfkg 540 8.53 8.3
37.5 mgkg Y 8.79 8.88
75 mglkyg 54 2.27 3.38
112.5 mafkg 5.0 <1 <1
150 magfkg 5.4 <1 <1
300 mgkg 5.0 <1 < 1
450makg 5.0 <1 <1

| Table 1 shows the initial bacterial concentration in all of the samples
was 5.0 logqg CFU/mi of molasses as inpeulsted and analogous to what
10 might be seen at industrial scakiz. The control sample that received no SCD
treatment allowed the bactenia to grow from 5.0 logg CFUimi Lo 8.53 og4n
CFRU/miin 24 hand to 8.3 logqg CFU/mi after 48 h, both at 32°C. Treatment
with 37.5 mgfkg SCD Bimited growth to 8.88 logsp CFUimI after 48 h.
Treatment with 75 mg/kg SCD reduced the concentration of bacteria in the
sample from 5.0 to 2.26 logyg CFU/mi after 24 h and to 3.38 lngsp CFUm
atier 48 h. At all SCI concenirations higher than 100 mgtkg tested, the

-
LA

number of L. brevis and L. plantarm that could be recovered from the

molasses samples was below the deteciable limit. Table 1 indicates that

reatment with SCD at these concentrations is able fo inhibit the growth of
20 bacleria and therefore reduce the bacterial deterioration of molasses

infendad for use as a fesdstock,

18
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Example 2

The rate of chiorine dioxide release {ganeration) from SCD was
determined by activation using lactic acid, a common acid produced by
contaminant bacteria found in carbohydrate feedstocks. In this example a
250 mg/k SCD solution was acidified with lactic acid o generate CiO2 at
arnbient temperature, An approximate 2580 magfi. SCD solution was made
by diluting a stock FermaSure® XL solution with water. Portions of the 250
mg'L SCD solution were then acidified to pH belween 2.2 and 3.2 using &
dilute, < 2%, lactic acid solution. An Accumet pH Metar 25 {availabie from
Fischer Scientific Company, Fair Lawn, NJ} was used {o moniter the
solution pH of the solution. The acidified 250 mg/L solution was then
analyzed for ClO» concentration using 8 HACH DR/2000
spectrophotometer (available from Hach Company, Loveland, CO), which
was calibrated at 400 nm, 420nm and 445 nm for CiO,. Data from the
spectrophotometer was coltected at 10 sscond intervals, using a DELL
computer and HACH Link 2000 daiz logging sobware, for up to 24 hours. A

summary of CliO genergtion dafa is In Table 2.

Table 2. Rate of release of ClOp versus time

oH ClQz Formed After Time {mgfkg) !

th 4h Bh 12 h 16 h 20k | Z4h
2.2 21 47 83 75 84 a8 105
24 8 25 40 52 61 89 72
2.6 5 14 2 2 38 44 48
2.8 3 8 15 20 25 28 3z
3.0 2 7 12 17 20 22 25
3.2 1 4 7 9 12 12 NE*

* Mot determinead.

Tabie 2 shows release of chioring dioxide from 3CU s relatively slow,
aven al tow pH. Thus, when 3CD iz contacted with a carbohydrate

feedstock at pH of at least 2.8, without adding acid, # iz surprising thai the
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S00 has a preservative effect. That is, growth of bacteria, which ocours
through consumption of carbohydrate, Is substantially prevenied, when

concentration of ClO2 is expeciad to be very low.
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CLAIMS

What is claimed 1s;

1. A process to preserve a carbohydrate feedstock against microorganisms comprising
contacting the carbohydrate feedstock in a unit operation, wherein said unit operation is
storage, or transpott, or a step taken prior to the use of the carbohydrate feedstock, with a
stabilized chlorine dioxide at a pH of at least 2.6 whére:in the concentration of the
carbohydrate is at least 1%, by weight of the feedstock, and the amount of stabilized
chlorine dioxide added s 10 to 10000 mg/kg as ClO,, based on total feedstock weight,
wherein microbial population in the feedstock does not increase more than 1 log;q CFU/ml

or 1 logyo CFU/g over a period of at least one month.

2. The process of claim 1 wherein the concentration of carbohydrate in the feedstock is 1.0

~ to 70%, based on the total feedstock weight, and the pH is at least 3.

3. The process of claim 1 wherein the carbohydrate feedstock is a solution or suspension of

a fermentable sugar.

4. The process of claim 1 wherein the carbohydrate feedstock further comprises enzymes,
surfactants, dispersants, antifoaming compositions, minerals, trace elements, and

combinations of two or more thereof.
5. The process of claim [ wherein the carbohydrate feedstock is a cellulose feedstock.

6. The process of claim 1 wherein the stabilized chlorine dioxide is one or more chiorite-

containing compounds.

7. The process of claim 6 wherein the one or more chlorite-containing compounds is an

aqueous solution of an alkali metal chlorite.
8. The process of claim 7 wherein the alkali metal chlorite is sodium chiorite.
9. The process of claim 8 wherein the pH is 3 10 9.

10. The process of claim 8 wherein the pHis 4 to 7.
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11, The process of claim 8 wherein the amount of stabilized
chiorine dioxide added is 50 {o 1000 magfkg, based on total feedstock

waight,

Lhy
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