CH3305PCT TI TLE STABI LI ZED CHLORI NE DI OXI DE TO PRESERVE CARBOHYDRATE
FEEDSTOCKS FI ELD OF THE | NVENTI ON The present invention relates a
process fwo2eubssanti ally preventing mcrobial growh, PoTASCc@obsisyzirat e
feedst ock, during storage or transport including a process wherein the
solution or suspension is a feedstock intended for fuel ethanol production.-
BACKGROUND OF THE | NVENTI ON 10Recently there has been substantial growth in
integrated biorefineries in which any nunber of agricultural feedstocks can
be converted inta:#xepewabl e fuel s as well as higher-val ue chem cal s,
materials, and pharmaceuticals. A biorefinery operates on a concept simlar
to a petrochem cal refinery. Incom ng,; £ stocks for biorefineries include.
15traditional agricultural products s s corn, mlo, wheat, barley,
mllet, straw, sg@ - \ H%aﬁ fruits,
arid pot at oes, %Fs&g‘@g ﬁ%ﬂg{?%?‘%?s (a}?%gér%%vr?bg\ \Z:[\f(gsm fied as
wast e streans such as wood wast e, Da&GASSEICPaper waste, and muni ci pal solid
wast e, An appeal of such feedstocks is the carbohydrate content, which 20
can be exploited as a reactant ki Ea0h NN CMThe products from a

bi orefinery may be intended for human consunption, such as sugar produced
from sugar dane or rDERESER ipYasdiae edaier gmreswggafor seestantisily poveniy as fuel or
in chem cal Sy%;'&%%'sﬁ m%&k'i?hn a%aflh ef@@&t@&cguﬁ ﬁrﬁbgopfr%uﬁﬁd from
corn. 25A particular g l'i’cati on o biorefining | e production of fuel

et hanol . As pet!ﬁﬁé%@%ﬁlﬁgééwé@e@ét@ﬁ’é%ém @ﬁ%@%%ﬁﬁﬁﬁé‘%&%ﬁm ve, the need

for alternativey.and EBF el-erall pmggé;pabl e, energy sources increases.
Et hanol is an option for partial or conplete replacenment of petrol eum based

fuel s for different applicaghoRgrdaiary TREWRYEdTRIN OnDbi les are a
reality. Ethanol d ‘ ‘ € UsSe 0 gasol i ne as

a renewabl eyf uel  sowkessty tKdi3 385 BEdn substantial growth in integrated

biorefineries in which any number of agricultural feedsiocks can be

converted into renewable fuels as well as higher-value chemicals, materials,
and pharmaceulicals. A biorefinery operales on a concept similar to a
petrochemical refinery. Incoming feedstocks for biorefineries include.

1§ traditional agricultural products such as com, milo, wheal, barley, millst,
straw, sorghum, sugar cane, sugar beeds, molasses, whey, fruits, and
potatoes, and also other products that are custently classified as waste
streams such as wood waste, bagasse, paper wasle, and municipal solid
waste. An appeal of such feedstocks is the carbohydrate content, which

20 can be exploited as a reactant in a biorefinery. The products from a
biorefinery rmay be inlended for human consumption, such as sugar
produced from sugar cane or molasses produced from sugar bests or for
uge as fuel or in chemical synthesis, such as sthano! and succinic acid

produced fram com.

25 A particular application of biorefining is the production of fuel ethanol.
As petroleumn reserves become depleted and more expensive, the need for
alternative, and preferably sustainable, energy sources increases. Ethanol
is an option for parlial or complete replacement of petroleum-based fuels for
different applications. Ethanolpowered auiomobiles are a reality. Ethanol

i has advantages over the use of conventional gasoline as a renewabie fuel

SOUCe.



Currently both industrial ethanol (e.g., fuel) and beverage ethanol are
produced on large scale fromagricultural (natural) feedstocks by

f er ment atworroprssagses in which sugar is converted to erhamskoansosar bon
di oxi de by inocul ant yeast. Many feedstocks can be used to provide the
5sugar for-fernmenting, including potentially, any starch or cellul osic
material, which includes nearly all plants, as any starch or cellul ose can
be a precursor to sugar. Sone of the comon feedstocks particularly
suitable for ‘ﬁi'r’:fd g+f uel ethanol include corn, ml, sorghum sugar cane,
sugar beets an asses 10A significant problem facr ng biorefineries is

spoi | age of -feedstocks during storage and transp ort. raw agrl cul tural
materials, these fe%ﬂ%?@é’k@i‘ifﬁﬁ%‘%ﬁgl‘“ AABHE & T %“ﬁ’ ﬁaéi?eﬂ% eBpngirdesi r abl e

m croor gani sns rﬁé’cﬁhe@%nb&gé etdidirohURBbuinAndnatigesbéigs yeast s that can
degrade (spoil) the feedstock prior to entering a biorefi nlﬁgg r ocess.

These ni cr oor gani &t s RESFERRES Rt EIUEE 8 SOPET I8P etRBOIGH * source of

the feedstock Oficddc0f) ipb&IIdTBALY MG PRIdcROST BPSsJah peakide fieedst ocks.
Undesirable mcr oorganl sne ma%écont aln enzynes whi ch convert the f eedst ocks

i nto sugars 3t hat'S&r'ar WEPalEE: PeHIg PRIREIRYe FB0TE%AI% APTURST TRt Rhg i ts

growt h. Thus, valisabbiadéeedst 0akidnss, b@srtw@@mhtcrlc@mm dy the
m croorgani sm 20 G owh of t hese m croorgani sns reduces the_ val ue of the

i nconi ng f eedstioRRISA AR UG CPEGIPARSeaIPT R cedS SRR IS SpEgBP em wi th t he
storage of nol agsgsdang; BUOARGARSIEE cﬁmﬁﬂ@b@f;‘@Mrruls@gad@an@eéi%fakor ation of
the sugar content due to the action of spoilage m croorgani sns such as
Leuconost oc or EEEtBWHEY RIS Wi | e biocides are generally suitable
to treat materials containin H sr rapl e mcraorganlsnE th§e¥ are
non-speci fi¢ and at f'&&K" icéthfgf’ ﬁiﬁ 2Sh PR GBI P YEPGAhICSHE S oci des

per f olr m poor | y dufindg etoreptatiienssyst 8aBw hekalisel hbeyaleghedd t ack tge

i nocul ant yeas { used in
fermentati on syarEHeRE bPERBLAE pigl g SRS R UeBRS R SRS Chl or | ne

di oxi de may be %rﬁaﬁhdudedqraﬁnctihk’rdaeﬁlrmg glaamsnﬂ}e gasddgrare @psibitiabl e chl ori ne
di oxi de gener at.or Alkter ; Y % S F ized chlﬁr i ne di oxi,dgﬂ%?CD) can be
activated by coRIEECHEPh 0a““‘é‘i g lﬂsEOVS SO Y6 pr BFETEREE05

m cr oor gani sm mﬁyeiﬁzi inOBcirtd&dL&h@&ﬁkﬁSﬁﬂﬂe\;n@ﬁ s@gtdof the ﬁie&eioasedfrd;m WO

2007/ 149450, | er %F ? in 42 071({? 7 rret hod to reduce
undesi rabl e ni d“f‘éﬁrﬁ%ﬁ’f éir’?é’m ?ﬁc PRIO1AEE BEPR Y Eon yeast or Killer

Syeast, in a fenitebi@hisak PHOCERSH BsiymgesChhic tm&redltmfe@eqt(a&scﬁr)o gas. This

process requires _generation, equi and reacta s necessar to generate

C105 gas.  The GURGPACEA CTGEME Ba e abdoRSar e & PP oG ced  because. | ¢

degr ades when estpesethdt: ﬂob@stﬁ;r,i\ iofosnhen id cmnemnteaby ihal mhmﬁﬂysrﬁmgani c matter

such as V\DeJ( b(‘gr % fqgi erment ati f%l chI egi er 10t eaches

agai nst use“of ¥t4bI T 2€F ‘B“HTQSF‘?%‘S”EFI f&‘?r%‘é ‘"é%" af HB difrEl t and

i npreci se, W t Hequitait iak phtickad dxaded, baiydastt podéanviihnhg Biotageeéded

enzymes. , e G s . e o ar
molasses and sugar cane of sugar beet juics is deterioration of the sugar

content due o the action of spoilage microorganisms such as Leuconosfoc

or Lactohacifius.

o
A

While biocides are generally suilable to treat materials containing
undesirable microorganisms, they are non-specific and attack target and
non-target microorganisms. Biocides perform poorly in fermentation
systems, hecause they can atlack the incculant yeast. Chiorine dioxide is a
biocide that has been used in fermeniation systems o treat microorganism
36 infection. The chiorine dioxide may be introduced as chilorine dioxide gas
from a suitable chiorine dioxkide generator. Alternatively, stabilized chilorine

digxide (SCD) can be activated by contact with acid. Use of SCD to prevent



Stabilized chlorine dioxide is available commercially. Stabilized chlorine
dioxide is generally a buffered solution (e.g., using a carbonate buffer
for al kalwoeopHBszan? sodi um chl orite, although other sourPcCeased10oki3azi ne
15di oxi de al so exist. Buffered sodiumchlorite solutions are stable for

| ong periods of tinme.. Buffered sodiumchlorite solutions can generate ‘
chl ori ne di oxi de when activated, such as by chem cal oxidation (e.g., with
ozone or chlori ne) el ectrochem cal oxidation, or acidification (e.qg.,
using a strong ﬁ;h as HCl). See, e.g." "Chlorine Oxygen Acids and :
Salts. Chl orous d, Chlorites and Chlorine Dioxide" by Jerry J. Kaczur
and David W Cavmfleld publ i shed online: 04 Decenber, 2000, in Kirk-Q hner
Encycl opedi a of EREIARE EM “Wﬁ?ib‘ﬂé@y?re?ﬁéﬁeé‘flﬁéﬁﬁ dgcigssibaPor a process to

reduce the |evelhoehsdmy oorgani smcontam nants in feedstocks intended for
use in a range of biorefinery processes. Carbohydrate-containing

f eedst ocks, incl udi pggsHgaticedopsvandorebiamosacheadstcoks, are susceptible
to spoilage from mi croorganisns. Biorefinery processes incl ug\] manuf act ure
i iar

of fuel et hanol““%?“@ai?dﬁ%?”&?awq GHEEE % RPHE M BYEBrest o

production f r geheUGAS foGARIRaiaMd/ Ofes8 URE chRARS JioxBHgaIngane Teki ni ng,
processi ng of starches, such 30 as jlpot ato starch and corn starch, anong

others. There iP§°%St [FAUNET IREEAIF ORI b BB AL B &FER“ 48t eri or at i on of

f eedstocks, such n@@*&%’%?j’%d%@%eﬁ@ﬂa%iﬁﬂfz rAuRg beueeeaeltwermwdl ng stor age
and transportation O5P(.1T It. is ﬁleswed to have a

economi cal pr od&8aUsed SRS WENEIPBUIE N E e OF WK T GeRECH ‘ﬁﬁéggfr age and in
transport. It iSgHesibaed :6n Baveuid bRHesRssinWTeeiriars paglesh NEikgduCe

unnecessary and/ or undesi rabl into the feedsto icularly
agents whi cf adR@EarYairEee f’tﬁgﬁéﬁéﬁ]i‘?rved#”‘ﬁﬁnoffgqu‘%$5‘%’?6‘&‘%cts such as
et hanol . The presedkel Bvepitkan FEEt Sodibggasineans inhBiMRRY: Bhzylk. | NVENTI ON
A process to preserve a carbohydrate feedstock agai nst contam nant

m Cr oor gani sns conptizpeisedEhicOrstistise e&&a;ﬁﬁhﬁe&bdiymafsiaﬁiy gohiired s of

10cont acti ng th car dr.ate feedstack with a stabilized chl r| ne di oxi de
2t o ph of ot rakene SRRt b PR e (R SRPB A HRACE | -t he
feedstock is atbubfeﬁstei&%;amﬂimf ﬁf{ﬁﬂﬁbh yrimaﬁgﬁsqiﬁ oo dodroesi0Ulobye wei ght |
based on the to edst, d chlorine

di oxi de is ‘fo % K’id(ﬁ(fgff’ T‘fﬁ?k “\Qe‘? 3’“P %E%’i&éﬁ(ﬁ t}%’ﬁéﬁr%lgi(?&eeciéﬁmﬁ%sed on the
total feedstockelibdesighis. Silterepsdiohy dniatie shradst aokggpeefieciabliye conpri ses a’

he. absence. of UL R0 G K e Gant o0 6 GEnar IS En SP1 HE" AT e fe. DETAI LED
DESCRI PTI ON chioring), electrochemical oxidation, or acidification {e.g., using a strong
acid such as HCI). See, s.g., "Chiorine Oxygen Acids and Salis, Chiorous
20 Acid, Chiorites and Chiorine Dioxide" by Jermry J. Kaczur and David W.
Cawifield, published online: 04 December, 2000, in Kirk-Othmer

Encyclopedia of Chemical Technology.

There remains a need for a process 1o reduce the level of

microorganism contaminants in feedstocks intended for use in a range of

25 Dbiorsfinery processes. Carbohydrate-containing feedstocks, including
sugar crops and cellulose feedstocks, are susceptible to spoilage from
microorganisms. Biorefinery processes include manufacture of fuel ethanol,
breakdown of cellulose containing biomass, sugar production {from sugar
cane and/or sugar beets), sugar cane refining, processing of starches, such

30 as potato starch and corn starch, among others. Thereg is a further need for
a process to prevent deterioration of feedstocks, such as carbohydrate

solutions and suspensions, during storage and transportation.



Trademar ks herein are denoted in upper case. 20The present invention
conprises a process to preserve a carbohydrate feedstock agai nst

det eri or avpan1sGNt am nant m croorgani sms. The car bohpdTAtSe0mewst ock may
be a carbohydrate solution or suspension in an aqueous nedium By the term
"aqueous nediunt as used herein is neant .the nediumis- substantially water,
such as for exanple greater than 80% water, 25 preferably greater than 90%
water, nore preferably greater than 95% water. The aqueous nedi um can be
greater t han 9%%%¥?=$¥T The process conprises or consists essentially
of or consists Cbn‘hctlng t he carbohydrate solution or suspension with a,
stabilized chlorine dioxide at a pH of at least 2,6, preferably at |east 3,
preferably at 30bast! igpfpegedio B?‘é*f%?‘a’lﬁi%ﬁii‘éiteﬁlﬁéﬁ@fmﬁﬁgﬂessﬁ?é?@é‘i‘“é%l y at |east
pH 4.5 and prefanalp yra&%e@gt&%% sibiae b ;EszEBa;%ﬁcqmg,@&g;:r@atmmﬂé the
carbohydrate is CT at least 1%in the feedstock, preferably 1 to
70% based on tﬂﬁ@ﬂ%t‘"@lﬂhf@éa§§Pdﬁﬁ"%gﬁfﬁb9%ﬁ%ﬁ%‘¥?€ %Hﬁ%‘t‘ragiﬁ’ 29€5HI | i zed
chlorine dioxi df%@@f@\%@iﬁﬂ@@klgaﬁi%igaﬂpg&\ TWkeh agvaval kablienchlipni sre di oxi de
content, based on the total feedstock melght. Preservati on By the
terns "preservémﬂéﬁﬁﬂyBW@§@$V%FF@§G“§@OappI|ed herein to a carbohydrate
feedstock is nmeant preventiaqon of reaction or consunption of carbohydrate by
cont am nant mi croorg%?%@n’ﬁnﬁﬁ‘éﬁmﬁ%ﬂﬁﬁ&?@?‘f? H"*’Igreservatl on provides a stable
carbohydrate feedstock that dogs,.nat, .l
woul d result fron1react|on o EHHSHP
met abol i sm over S

change is the ni cro 5?“‘955%‘&{3?9%{?1‘% ?E?f Weje iéf‘éﬁv’éa ?gams 3 nt%ﬁm
properly presenweﬁpmmmeneanhqhydsaiex&eéd&&emkﬁdob&wmmtmunﬂergo an |ncrease‘
in the mcrobia tion eedst ock ! o CFUI rni
or 1 1ogl o lcroPaECRRE ATty e R IRt ARt O T2 By 19eka 62" og10
CFUmM for I [ qm%ﬁoff&&dsit,bﬁk“§hamﬂ1bastrrki@glef heChllicgyfote ssm“m fdbdegmikisol i d

feedstocks. The expy essian L 0a10 CFIAG, 79 258, BRab3RELES: bi Ay o

Ubst antial change, such as
ob| ol ogl cal

ure of

tolal feadstock weight. The amount of stabilized chicrine dioxide is 10 o

10000 mglkg, as available chiorine dioxide, based on the total feedstock
15 weight. The carbohydrate feedstock preferably comprises a

naturally-occurring carbohydrate. Surprisingly, the process is effective in

the absence of added acid or oxidant to generate chiorine dioxide.

DETAILED DESCRIPTION

Trademarks herein are denoted in upper case,

pit The present invention comprizes a process o preserve a carbohydrate
feedstock against deterioration by contaminant microorganisms. The
carbohydrate feedstock may be a carbohydrate solution or suspension in an
agueous medium. By the lerm "agqueous medium” as used herein is meant the

medium is substantially water, such as for example greater than 80% water,

[~
[

praferably greater than 80% water, more preferably greater than 85% waler. The

aqueous medium can be greater than 89% water.

The process comprises or consists essentially of or consists of
comntacting the carbohydrate solution or suspension with a stabilized
chinrine dioxide at a pH of at isast 2.8, preferably at least 3, preferably at

30 least pH 3.5, preferably at least pH 4, preferably at least pH 4.5 and

preferably not greater than pH 9. The concentration of the carbohydrate s



A second neasure of change is pH of the preserved feedstock 20 shoul d not
change by nore than 0.5 pH units. Wile pH neasurenent provides a nore
rapi d asswenamB3sxaf7 preservati on effect than measur emen®PCofUSAI10/080342

popul ation, it will be appreciated by those skilled in the art that pH
change may not- be sufficient under.all . circunstances to nonitor-
preservation of (i.e., lack of change in) a carbohydrate feedstock. For
25exanpl e, for buffered feedstocks or feedstocks at pH | ess than about pH
6, substantial{ﬂkﬁﬁﬁgkel contami nation may occur before pH changes by 0.5
pH units be further appre0|ated by those skilled in the art
t hat ot her neasures of chang e anpl e, detection of the

presence 30 of qﬁﬁiﬁ-‘é%?%éﬂ“@ﬁ sprﬁﬁ?@%‘laﬁ%é@é %@?&ﬁ@@ heeH as a product

from et abol i sm,Ofsid RSyt Qgtaxtﬁt aheuaite@eem% ctt@etgethm felhodsy may
i ncl ude spectrophotonetry, c ronato? , .and ot her net hods known to those
3

CH3305PCT ski | Itad0ie np&daepvaigly g r**”ﬁ%’a‘éﬁ?f‘é% baagc PRAIUEE physi cal
changes to the jgaihohydiate feedstock such as specific gravity or
viscosity. The present invention relates to a method of preserving a

car bohydrat e fegdsieglenin unit operations. By "unit operations” is neant

5any operation involving the carbohydrate .feedstock, and in parti cuI ar,
st or age, tranSport epte—;t@rfﬂseﬁ@m@“aﬂd “mwmmnoas ap;ts?tseﬁermessi ng" means
herei n any step $ Ix t q g Lhe feedstock.

Pr e- processi ng T @F ﬁ??ﬁ? U EVIHT %F@%déVw%ﬁ5tﬁ%f dé t ransf er
of the feedstoq&smfdh@ma@@ Mﬁﬁ@'&h&nt&m@ro&g&h&h&gﬁmTa@ hactsegond vessel, e.g.,
10f erment ati on in a e {tl on, of et hanol

ank, refine u
Pr oduct i on opeﬁg ?%h@‘@ﬁ%?ﬁ%ﬁ”bﬁ8®8§ g%*Y%ﬁ&xﬁpgﬁ¥%éﬁgt08ﬁ”8? a
carbohydr ate f aedsigeckbéhatal bBargenomehf e went eduptroduetctioswch as sugar. The
preservation prevents or delays de erior n_associate r obi al
etivity i ot hoorsupticna o HidopelderbrebdPat E8e AP llitaqlah
15conver si on i ngsst endmrphdduBismubard eimﬂgﬁtbl tonmaroishinchastipr edesses, or
Icgfggﬁ;){j?; CemFle';ngeé{t Q8 ‘}eédtga&ceﬁétgts pr%;s)gry prese W Odd li‘ncs,ecaerggtv%ra g ucts.

feedstock does not undergo an increase In the microbial population in the
15 fesdstock of more than 1 logqg CFUME or Tlogyp CFUg. Typically
microbial population is expressed as log10 CFU/mi for liquid feedstocks and
as log10 CFU/g for solid/semi-solid feedstocks. The expression logl0

CFUfg can also be used for liguid feedsiocks.

A second measure of change is pH of the preserved feadsiock

20 should not changse by more than 0.5 pH units. While pH measurement
provides a more rapid assessment of preservation effect than measurement
of microbial population, it will be appreciated by those skilled in the art that
pH change may not be sufficient under all circumstances to monitor
preservation of {i.e., lack of change in} a carbohydrate feedstock. For

25 example, for buffered feedstocks or feedstocks at pH less than about pH G,
substantial microbdal contamination may ocour before pH changes by 0.5

pH units.

it wili be further appraciated by those skilled in the art that other
measures of change may be used. For example, 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

spectrophotometry, chromatography, and other methods known (o those



A "carbohydrate" as used herein is a nonosaccharide, a disaccharide, an

ol i gosacchari de, or a polysaccharide. Carbohydrates as 20used herein can be
noncsacchaioi2dag3ssdirsacchari des, ol i gosacchari des, pol ys&cthseildos)34nr

m xtures of two or nore thereof. Exanples of nonosacchari des,

di sacchari des, oligosaccharides, and pol ysacchari des are known to those
skilled in the art. The carbohydrate is preferably a naturally-occurring
carbohydrate. The naturally-occurring carbohydrate nay or nay not have a
reduci ng end grqggy éﬂﬁh carbohydrates are nore readily netabolized, and
therefore nDreﬂé S ptlble to deterioration by mcroorganisns. Dependlng on
the intended use, a carbohydrate feedstock conprising non-rnonosaccharide
car bohydrat es rijled yilipeg. pricHeatventresoayietidasringaroiypeses Igheonvert t he

non- nonosaccharige, ﬁ%@mg&@éa@sﬁa&% s%éﬁﬁrﬁ&ﬁ@kﬁoﬁ@%&;% For exanple, a
car bohydrate feedstock may consi st of cornsStarch in water. Cornstarch is a

pol ysacchari de ”HdeTH@pﬂkehﬂQ%#&QN&%&@QH&%Q@PQ%aﬂ@h&@nﬁ&z&'UCOSG that are
| i nked together. The cornstarch be pretreated to convert the :
polysaccharldei§éﬁ@§ﬁﬁﬁékﬁ$ﬁ?%”§ﬁﬁﬁP@@h ‘YHorBe it GBPREEC KAPPHEs (dextrins)

and to gl ucose & JBRMES BLERRLIEE arbbRfur &% 3Rk Rk hdUs bRG:@RZY MeS. 5The
carbohydrate feedstock nmay also be in the formof _a mash. The term "nash"

as used herei n S'¥3%e. SGRPUET PIooR CEHRPEI S e WCFT ngﬁt“ﬁ*ﬁF‘é‘*"glﬁbﬁFﬁBr a
precursor to aH@émn%@@b@a@H%ﬁm!&l&ﬁ@pﬂﬂn@z@é b¥the FRSBickACl udes any m xture
of grain or other carbohydrate in water is used in the productlon of

et hanol . Mash ¢HR¥ ‘éﬁeéism@Bﬂfﬁﬁ‘ﬁiﬁ@hﬁi"éf%‘ﬁdﬁt‘%fﬁ?%”ﬂhﬁﬁﬁ%@@’ﬁf?fr’Pi used at

any stage in etihaneksher MRtabivesel fd QMiBiagkng IMHEeR: 0sGMr & prior to
cooki ng and/or saccharification of a.fernmentable sugar precursor to the

conposi t i on'%r SHIRSERIGHGH e BYRH B 1 G UFTpeayY ﬁ%r?f%%{i‘“ﬁfﬁﬁ OEER-s furt her

defined in Jacquesuctkn Aperaby@Bsiude FocedtRk $@lthe pldaBetiohhe sAl cohol  Text book™,
2003, 426-424, Nottingham University Press, UK. 15A car bohydrate f eedst ock

can be a sol ut Igﬁ‘ﬁ’(@b'd saﬁ‘sfﬁ@ﬁj@‘i)‘é‘ﬁh%tf“‘ g nor- fermenied product, such as sugar.
The preservation prevents or delays deterioration associated with microbial

activity in the feedstocks. The feedstocks are used for subsequent

-
(7

conversion into end products via fermentation or similar processes, or

incorporation into other processes used to produce end products.

Carbohydrate Feedstock

A "carbohydrate” as used herein is a monosaccharide, a
disaccharide, an oligosaccharide, or a poiysaccharide. Carbohvydrates as
20 used herein can be monosaccharides, disaccharidss, oligosaccharides,
polysaccharides, or mixtures of bwo or more thereol. Fxamples of
monosaccharides, disaccharides, oligosaccharides, and polysaccharides
are known to those skilled in the art. The carbohydrate is preferably a
naturalb-occurring carbohydrate. The naturally-occurring carbohydrate
25 may or may not have a reducing end group. Such carbohydrates are mors
readily metabolized, and therefore more susceptible {o deterioration by
mHcroorganisms.
Depending on the infended use, a carbohydrate fesdsiock
comprising non-monosaccharide carbohydrates may require pretreatment
30 such as hydrolysis (o convert the non-monoesaccharide carbohydrates to
fermentable sugars. For exampls, a carbohydrate feadstock may consist of

comstarch in water. Cornstarch is g polysaccharide made up of individual



ferment abl e sugar. Mre specifically, a fernentable sugar as used herein is
a solution or suspension of a carbohydrate that is derived fromessentially
any pl antweaorigssaonpri si ng sugar, starch and/ or cell ul ese/USInawsi332 starch
and/ or cellul ose can be converted by processes known in the art, e.g.,
usi ng enzynmes, to a fernentable sugar. The fernentabl e sugar. can be derived
fromone or nore of any grain-based product such as corn, wood chips, wheat
straw, corn stover, switch grass. The fernentabl e sugar nay alternatively
be derived froq1Q%k§ garley, mllet, sorghum sugar cane, sugar beets,

nol asses, whey, iﬁ Fg al gae, seaweed, and ot her 25bi ol ogi cal sources,
Processes are known to those skilled in the art to convert the plant

sources to a fenientetrosedigare inkehinosiient Te condareimmiedbrecaedar is

derived from cqrp m}éﬁ'tﬂg &béé&%ﬁaﬁ(@%e\’}@@nﬁhl lo OkeidF YsrBitkd) Process to produce:
a liquefied starcﬁ Fl uefied starch undergoes saccharltlcatlon in

whi ch the star mi‘ﬁﬁé(&é@ﬁ@%@c(ﬁ»éﬁﬂwitaﬁdéfhﬁiyﬁ% B HTORFENEI B0 REDSTHYRN to

glucose, thus forming, Lhe.4ermentable sugar The carbohydrate
feedst ock nmay conprise ug to 100% b i ght of carbohydrates. Cenerally the
carbohydraterfeedstﬁﬁﬁb% gy e degse éﬁyﬁﬁwéﬁﬁqﬁﬁﬁpﬁapb%ﬁﬁé?a?@Jbased on

the total weight;pimidpes, é@Qéiﬁte%lﬁ’asagw“%ﬁ%P&Tm%;ﬁfa%%Mﬂé}ﬁéM@en 2 and 40%

The anpbunt and conposition of the carbohydrates in the feedstock can vary
dependi ng on tf?eif‘ﬁfrﬁfé*rﬁﬂ‘édméﬁ@ﬂ’%@“f"ﬁ@i@‘eéﬁﬁﬁplﬁf@f@8@?@53@"5 Bep ICydss , which is

a carbohydrate g, rM&tb%ﬁ'q@:siﬁ’m 8inBeL L5 10 As Welathl ihhi BrLOSEFSHe MRY CONri se
16. 5% car bohydr at es. wet ml| b5process, corn is soaked or steeped and

then separat ed W‘Pﬁl&@aﬁf %ﬁ%ﬁ%o%bﬁhéﬁt wlertp sapbyraiesepai®uor is t he

aqueous | i gy d QbiaLRed @Jebeﬁ PF‘y @i‘eﬁ@ﬁﬂ@ih%i Q@ﬁ:@nt@a@@k%@rﬁ Plxirdwiext ended
period, during which readil é fernent abl e sol ubl e conmponents are extracted
8

fromthe corn sEF¥ggrpnesopkes stdepsamsbaficatifed’ISFEM RERPHHENt from t he

wet mll procesg ARy Jrjt@ih%%{do%@m‘ﬂﬁroﬁg &D&é&y@c\/&mz@% of Abehyesat es.
The car bohydrate feedstock may conprise other cogponents %gnerally

functioni ng as Mu#jiupnétrer defingd s RGPS ahdBr T Sudtdsil Bis. Tior exanpl e,

the carbohydratg Jpedstact m@mcmmseso@a@éym%mma@é%nt}& di spersants,
antifoaning conpositions, mnerals, trace el enents, and 15 comnbi nations of

two or norel’t her eof A CPRESHIGENEEREMKCARE DENSIONBFHRFERPE o Rat act as

adj uncts are wehlydRans L‘g@if“ﬂ@%%p%&%éi@da ieAnbheniakhgar Qsearhahydr at e
feedstock may conprise up to 70% by weight, based on the total feedstock

wei ght of the ot HAFICEGRBOTRINES opf @ﬁ@?ﬁmg’?@tiﬁ%ﬁ T AP HSHY@rhtEerEddst ock

conprises 2 to AQ%Y s¥Web8bbmpiRiEshelarabhyiodealict® BoYodyanei ght of one |
or nore of the conponents. M croorganisnms M croorganisns in the context of

this invention @&F&EcHURHS %3?@@6‘?“{%@6 by @ECeEISENaNE MUAB &Y §-aplEnd
i croor gani §1s. D L»E@@h%m&&%ﬁ@étSﬁﬁex%b!ﬁ@nt%iegﬁg&*}%hm%@ereVl si ae

are used in the "fermentation of glucose
from one or more of any grain-hased product such as com, wood chips,
wheat straw, comn stover, switch grass. The fermentable sugar may
alternatively be derived from milo, barley, millet, sorghum, sugar caneg,
sugar beets, molasses, whey, polaloes, algae, seaweed, and other

25 biological sources. Processes are known to those skilled in the art fo

convert the plant sources fo a fermentable sugar. Conveniently, the
fermentable sugar is derived from cormn, using either the wet mill or dry mill
process to produce a liquefied starch. The liquefied starch undergoes
saccharification, in which the starch is contacted with enzymas fo convert

3 the starch to glucose, thus forming the fermentable sugar.
The carbohydrate feedstock may comprise up fo 100% by weight of
carbohydrates. Generally the carbohydrate feedstock comprises between

1% and 70% carbohydrate based on the total weight of the feedstock,



25 into ethanol and carbon di oxide. Qther desirable mcroorganisns are used
in other biorefinery processes. Desirable mcroorganisns are not typically
present iwoOcarisBsidr at e f eedst ocks. Undesirabl e m croor gamitsasioiopskude
bacteria, fungi, wild or contam nant yeasts, and other m croorgani sns
capabl e of metabolizi ng 30conponents of a carbohydrate .feedstock to -
sustain the viability of the m croorgani sm Undesirable m croorgani sns
contam nat e carbohydrate CH3305PCI feedstocks, utilize the feedstock as a
food source, L fﬁ#ﬁ‘“and t hus depl ete the feedstock. Undesi rabl e

m croor gani sns SuC %’contaninant yeasts are often found in both

i ndustrial and beverage et hanol productlon and can cause severe epi sodes
of contanlnatldﬁﬁkﬁﬁﬁﬂW¥Wﬁﬁﬁ%ﬁﬂ¢é@ﬁcé@eeﬁﬁwﬁo$mbMﬁ@ﬁéﬁ?0Ff?W‘These unwant ed

m croor gani sms ﬁ&%hg&h@d#%%d&t&ﬂh@vm%gém(mmgbﬁ&;{a%dfeee%é ock,
process water, air, operators, and nunerous ot her sources. Unde5|rable

mi cr oor gani sms,Fs GEHTEIS, WA HERP BUOBrEEiE apramivtstatiiiicass dirFe and
lactic acids from ghid Raeyhaadshag ksmptidiats Hat; dﬂﬂ}¥(ﬁf%@%0@9§"&f§?nﬁﬁhe
feedstock and thus prevent feedstock conversion to desired products, but
al so adver sél y rapFasst coffe §isoakeCTitedse rga i ghisremie! Bicor@Pini ng process.

For exanple, acghitnand racLif b@@lsqﬁgﬁwer%wu@i ftﬁ(?ébtéfhﬁd EfdAnh&at which
Sacchar onyces car eVI Si ae converts g ucose to et hanol The resent i nvention

utilizes SCD t Gosbsenmnala] oapn BXienesbrtsaniying whidt sad @'S(arrpl e, during

storage and trapspofidpie %i@&@Eﬂmﬁ&&w@ar@@ﬁg‘ﬁétx@@ﬁem the cornGaNRONYdrat e
feedstocks are a rich source of nutrients that can support the growth of
various ni croorsiam Wi Caruhy dpEPe e Ea B KE BHVEREGENS| y serve as
both nutriepfs cfoﬁ{ ride A8% 1@hhhe | @@ﬁ@%@ -5, such as yeast in
fermentation, and as starting materials Tor producing ethanol. 20However,
undesi rabl e ni cr oor ghnFEREMETRITFISHICE Y CHETREOFTE FEREIEHT bohydr at e
feedst ock during.st0; agensich 4d 3SR Lahb 9RulsisAhdl? shetsmpkat Fan or ot her
end use, resulting in deterioration of the feedstock. Moreover, undesirable
M cr oor gani sms EMRhERE @SR IEICEeRPr: BaY BPTBISSTEHTEE SEHRBSRYr at e

feedstocks may glpdAkd Yrn@S&HRgIBrRBYLSIA s AmdBRiaRdal, Jrar a
bi orefining process, or may be introduced from external sources such as

process eqUﬁpm&%ﬂmﬁﬁﬁﬁTWFW6§fFﬁ“%ﬁ@”ﬁeea§$8e%ﬂﬁp§@mﬁd“éﬁ%ﬁ@ ot hers.

By "deterioratiQmpcabni@ ikanbolydiae {eedatoskn ishaBantichameat conversion
of a carbohydrate |n t he carbohy drate feedstock resul ti ngitfrom 30reaction

of the car bohydfrf’é"t‘émwhlyﬁmﬁfe%\ﬁg‘ti‘n{ﬁw BRI el C I ArbBhyEie ¥ The

undesi rabl e ni grOQKHINEMcK FRIGHE X BMB lofher URABSH AP [pPrB:6F,08¢ gani sns nay
consune carbohydrates as a nutritional source for netabolismof the
carbohvdrate feedstock comprises 2 to 40% by weight, more preferably, 2

20 1o 35% by weight of one or more of the components.

Microorganisms

Microorganisms in the context of this invention are in two categories,
desirable and undesirable microorganisms. Desirable microorganisms
such as Saccharomyces cerevisiae 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 feedstocks.

Undesirable microorganisms include bacteria, fungl, wild or
contaminant yeasts, and other microorganisms capable of metabolizing
30 components of a carbohydrate feedsiock to sustain the viability of the

microorganism. Undesirable microorganisms contaminate carbohydrate



CH3305PCT mi croorgani sns for their proliferation. Alternatively,

undesirabl e m croorgani sns can react with carbohydrates and convert the
car bohydreibeoiwm3ssia di fferent chem cal conpound, w t hourCraisaiolosmsing t he
car bohydrate. For exanple, Leuronostoc nesenteroides, a bacteriumthat is
naturally present in extracted sugarcane juice, converts sucrose, a

di saccharide, into dextran, a polysaccharide. Conversion of sucrose to
dextran results in lower yield when sugarcane juice is used to manufacture
crystal sugar ?L?JL@U{y, fermentation productivity is |ower when sugarcane
j uice contam né:f nmesenteroi des i s used in ethanol fernentation.
10St abili zed Chl orine Di oxide The term "stabilized chlorine dioxide"
ot herwi se ref ef¢asigtocks. élizsithe Bedsiadoes HPaf soURe rovitivp red dhissierise

di oxi de- cont ai ging-Q%¥~chl ori ne conpl exes, one or nore chlorite-containing
conpounds, one or nore other entities capable of Form ng chlorine dioxide

when exposed to aci drd@]ﬂb@ma@%han@ 4 Beeeebndhisnt Jstapk bLiged chlorine
di oxi de conprises at |east one of chl ori ne di oxi de-contai nin

oxy- chl ori ne cdIdeR toh BhISHH f“éj %W“&i%ﬁti’m@‘%(ﬁ??ﬁéhﬁw gt “%ihf'”’éﬁgl ty capable

of form ng ghl egidie !&;@?}ébd@cbﬁkaﬂnd'jtilh“.gsm?sH%dM@@dﬂeﬁéﬁ@@%ﬁu%@w@Cl d SCDis
avail able commercially. Anmong the preferr chl ori ne di oxi de-caqgnt ai ni ng 1

oxy-chl ori ne 25&6%#%\9{@?%@ UL BHATT B1R PReGEB I EGHEPSP G ¥ a conpl ex

of chlorine di g gedwbil) pEREDORALE airocoaRNLXnehusRlRE IR dbgxksde with
bi carbonate and m xtures thereof. Exanples of chlorite-containing conpounds

include netal chl oruh@@,ardaiadmt,rﬁu@ﬁmmué@h &l Heatdrianpbalcaanddaltkal i ne earth
metal chlorites. A specific exanp r| te- gont ain nrﬁlf conmpound t hat

l.e.o
is useful as a“YSeRTBrqHEdi Wfaé“dﬁfg%}tﬁ?‘é%'ﬁe MERPLYT e, whi ch can

be used as fiechphaghe @E&Q@is&@ﬁlqumﬁﬁmg@&‘keﬁa@fpeﬁbim:k c®CBrdics praebiesabl y an
aqueous sol ution C@f ag al kal i b@é ;f aI kaline earth nmetal chlorite,

typi cal |y sodi GRS ﬁjtt%b"(‘f\‘ié‘t'ﬁi @ @S ERTOPPERE RS Fution is

general |y stablzﬁ»;@ﬁmmﬂiab@ae Fbr obliﬁpié,&icﬁ&S@ﬁj lhe: actd aeephlaifcae 38di oxi de
(C102), when t bel ow neutra H 7). The rate of activation
o Scb, that i 4% Preture Seoarenthes uer soRsE I ebrerbdbint com the
stabl e form i neeenasest AsSeRindeEEaESHESto control undesirable microorganisms,

15 for example, during storage and transport, preserving the feedstock.

Carbohydrate fesdstocks are a rich source of nulrients that can
support the growth of various microorganisms. Carbohydrats feedstocks
advantageously sarve as both nuirients for a desirable microorganism, such
as yeast in fermentation, and as starting maternials for producing ethanol,

20 However, undesirable microorganisms proliferate in the nutritional
carbohydrate feedstock during storage and ransporation prior to
fermentation or other end use, resuiting in deterioration of the feedsiock.
Moreover, undesirable microorganisms commonly assceoiated with
deterioration of carbohydrate feedstocks may naturally ocour in any starling

25 material for a biorefining process, or may be infroduced from external
sources such as process equipment, impurities in the feedstock itself,

among others,

By "deterioration” of a carbohydrale feedstock is meant chemical
conversion of a carbohydrate in the carbohydrate feadstock resulting from
30 reaction of the carbohydrate with or consumption of the carbohydrate by the
undesirable microorganism. For example, undesirable microorganisms

may consume carbohydrates as a nulritional source for metabolism of the



CH3305PCT The exact chem cal conposition of many of SCD conpositions,
and in particular, chlorine dioxide-containing oxy-chlorine conplexes, is
not conplwoeby/asszder st ood The manufacture or producti onPofi/useeases4zhl ori ne
di oxi de precursors is described by Gordon, U S. Patent 3,585,147 and
S5Lovely, U S.- Patent 3,591, 515. Specific exanples of comrercially avail able
and useful stabilized chlorine dioxide include" for exanple, ANTH UM

DI OXCl DE and FERVASURE, available fromE, |I. du Pont de Nermours and
Conpany, VWInqu%Q&Spﬁg OXI NE and PUROGENE, avail able from Bi o- G de
I nt er nati onal rman, OK SCD may be provided as a sol ution of

the one or nore chlorine d|0X|de cont ai ni ng oxy-chl ori ne conpl exes, one or
nore chl ori t e- deAtaTgisgsdonbel nudferdivs. JHCHEHE HIREPSEHE ti es capabl e of

formng chlori Gﬁc@g%n%ﬁqq‘“@ﬁ@e%@ﬁﬁ@%&ﬁ Qv BEled nn@Rshernii &@&aa@em her eof .

The sol ution provi in aliquid nediumat a predeterm ned
concentration dftoactiifaed casmshvaT oAb VB breRECHKhaeatgoyIatepr ef er abl vy,

the 1iquid medigymbas,8ufdj-chete PR HOBYE: BdhiaN Al 4habikemgja;ksgrl ne dioxide
concentration in the range of about 0002@6to about 40% by wei ght,

preferably, 5 n et ﬁ)r@e’a@iﬁd BHEITAPYLIED AP PEWSBYE Wer GhECaBie
preferably in the. ré;%%s@ cARPHE. BYR:iBR et ARWIB e WRIGBEushAsed on the

total weight of the medi um 201 ncl udi ng the chl ori ne
di oxi de- cont ai APHg y@ww@ﬁm SrganeRncoHpP éxesd te RIRiAckITEIEE 9AY conpounds,

other entities gapahl gii%fenifa%ﬂn‘*'&auﬁmt@fq'E(ElﬁaidM%H&%aa‘@ﬁﬁé‘ «fgposed to acid,
and conbi nati ons thér eof SCD may be provided as a solid material,

such as a conpdsTiaTbraled R SPHJARTES eI o f’%?lﬂﬂ%{lf TRETEAPED netal chlorite
powder, inert |ngred|ents 25and optionally dry activator such as a dry
acid. SCD ndy éh@&AﬁikW@ﬂFﬂ@aﬁ%% a mixture (or slurry) conprising a

saturated solution of alkali kal i ne earth netal  chl te. po and
addi tional solid al RAP{EErs qiﬁ?‘f{%ﬁdl ﬁ@“@ﬁrﬁi{ﬁﬁ’dﬁet}tgﬁ“@fﬁ r@#‘f&‘*éﬂ%hm&fd w%@?h

slurries provi dgeghsldnguir @hoﬁ@ax;w;rtmdaamhwma{ama«@;tdxyembngé esthgipted, emebr t han
avail abl e in 30sol u lon fo invention.is hereinafter described

in terms of SCI'AE SHK W”ﬁ"éﬂ”%FVSP?U‘Wét%e WHIFid T eﬁjétieé’ GHAF Pl cal Iy
sodi um chl ori t gofNaEtERne JiyRieahby exposed to acid, and combinations thereof. Thus,

15 stabilized chiorine dioxide comprises at least one of a chiorine dioxide-containing
axy-chiorine complex, a chlorite-containing compound, or an entity capable of
forming chiorine dioxide in a liguid medium when exposed o acid. 5CD s

available commercially.

Amaong the preferred chiorine dioxide-containing oxy-chiorine
20 complexis selected from the group consisting of a complex of chiorine
dioxide with carbonate, a complex of chiorine dicxide with bicarbonate and
mixiures thereof. Examples of chiorite-containing compounds include metal
ehlorites, and in particular alkall metal and alkaline earth metal chiorites. A
specific example of a chiorite-containing compound that s useful as a
25 chicrine dioxide precursor is sodium chioriie, which can be used as

technical grade sodium chiorife.

SCD is preferably an agueous solution of an alkali metal or alkaline
garth metal chiorite, typically sodium chiorite (NaClOo). Sodium chiorite in
solution is generally stable at pH above 7, but releases the active chlorine

30 dioxide {ClO7), when the pH is lowered below neutral (pH 7). The rate of
activation of SCD, that is, the rate at which the active ClOy is released from

the stable form, increases as pH decreases.

10



CH3305PCT sodiumchlorite is used as an aqueous solution conmprising 5 22%
by wei ght, based on sol ution weight of sodiumchlorite in water.

Her ei naf two 280D383ncent rati ons are described in terns ofPCrhms2aossatrati on
of chlorine dioxide available when the chlorite is stoichionetrically
converted to 5chlorine dioxide, "available Cl109. The content. of potential
chlorine dioxide in 1 g of sodiumchlorite is 0.597 g. Sodiumchlorite
solutions conprising 5 -22% by wei ght of sodiumchlorite thus contain 2.98
- 13, 13@6avallqﬂH§V%@Igr|ne di oxi de. The generation of 0102 is illustrated
by the follow ng equatlon (1): 105 Na0102 4H+ 4 0102 (g) 2 H20+ 5 Na+
wherei n one NaOl02 nol ecul e provides 0.8 0102 nol ecul es, The present
i nvention conpri ses TUg&* ¥t cappcasonspéseplaeive $¢D carpejdsased f eedst ocks

to suppress reagbheRuaf ok mﬁn&amamgﬁ@mgmxwh%nge&%s&ég ennaf the
car bohydrate by m croorgani snms. Such contam nation 15may occur at the

source of produerIRSHESHEHECRar Bﬁ%pﬁﬂ&%ﬁéﬁwéﬁgﬁwiow dutdimegeter age,

transportation @hft ﬂﬂﬁ{urt,rfanss&@{r»nm! OF chRoHSE Obathes kaedst gek.
Carbohydrate f eedst ocks thus preserved maintain the carbohédrate cont ent

for use, such a§vEli %?bFEF@f358??15oﬁp%ﬁméﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂmﬁﬁﬂﬁﬁ er storage and

transport. 208@93!@;@9%69@&@ s'Eah}% @@m@ahygdﬁa;;@e %iu%lfﬂnegdm@e range of 10
ng/ kg to 10000 gg %as avai | abl hl ori ne di oxide, preferably in the range

of 10 ny/kg to %%K@XC‘EP&W&F@F@F\%F{} s@iiFgrikgm b ?1®e)ﬁarhég/ kg, and nost

preferably 100-H0QABIKGnd @Snval vakhgqehlasi ogndt oxd derBdRps effective
when the pH of the carbohydrate sol ution general | y. ranges bet ween 2.6 25and

9. pH Li mtati gigiable rom BgpBidgdnigetatined. ier BeAn#odti ses at | east one of a
chl ori ne di oxi de- contalnlng oxy-chl ori ne conFIex a chlorite-containing
compound, of an ent Pty BaPEDPEVERT £8 ARCHECE R BFINE 816%E B8 a i quid 30

nmedi um when expRse:- &c@tteﬂﬁah@uxmﬂcﬁhrﬁ%nﬁﬁe@@ @M%@ewbu&d&mmﬁméodl um
chlorite, the SCD has a of greater than pH 7. Sodium CH3305PCT chlorite-

sol utions rel edS8PPHERE ?\%”‘E’r‘ﬁ ‘b?“?‘"r?é“‘ﬂ‘i‘%&‘ipd‘ége(‘éi‘?)”?)'“g Huorpg Gigide

when exposed o acid, and combinations thereof. The solution provides
SCE in a liquid medium at a predetermined conceniration of actives as

15 available chiorine dioxide (ClOg) Preferably, the liquid medium has
sufficient SCD o have an available chiorine dioxide concentration in the
range of about 0.002% 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 about 15% by weight, based on the iolal weight of the liquid medium

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

dioxide when exposed o acid, and combinations thereof,

SCD may be provided as a solid material, such as a composition
comprising an alkalt or alkaline earth metal chiorite powder, inert ingredients

H

25 and optionally dry activator such as a dry acid.

200 may also be provided as a mixture {or slurry) comprising a
saturated solution of alkali or alkaline sarth metal chiorite powder and
additional solid alkali or alksline earth metal chiorite powder. Such slurries
provide a liquid SCD with a higher aclive ingredient level than available in

30 solution form.

The invention is hereinafler described In terms of SCD as siahilized

atkali metal chlorite, more specifically sodium chiorite (NaClOs). Typically

11



| owered. The rate of chlorine dioxide release from SOD aqueous sol utions
increases as pHis reduced frompH of about 5to 6 to 2.6. This rate may
vary depewoizog/issigeveral factors. For exanple, differeRrCTARO@OOSBEUr SOr S
may rel ease the 0102 at different rates within at the sane or simlar pH
Ot her factors such as the buffering capacity.of a solution nmay affect the
rate of 0102 rel ease from SOD sol utions. These factors are well known to
those skilled in the art. The pH of the feedstock is typically at |east pH

2.6. The pH 10(§@gk§&ggly ranges froma pHof 3 to pH 9, preferably 3.5 to
8, nore preferabdy” 7, and nost preferably 4.5 to 7. If desired, pH my

be raised by the addition of a base, such as an alkali or alkaline earth
hydr oxi de or cé?f)é@ﬁ”aﬁéﬂiﬁ@)H%Wd@éﬁ?ﬁ’é&ﬁe@@rﬁj@iim&cﬁﬁmﬁﬁ?‘ Y5 -i42%Bgi red, pH may

be | over ed by S R0tk o <0 utx@*;@\f\@@hg@ 3%8&91 &ﬁorﬁétr{wﬁer héfg*ef?a%ﬁ'%ro“ c, 15 or
phosphori c, t e desired ran or exanp pH of corn mash is

usual |y adj ust e‘dﬁi} OO Rl ?‘*éﬁf%d@mﬁb%d B iﬁ“fﬁ“féﬁ *?féh*? F ﬁ‘f’tv&ﬂ@aiﬂfi‘éﬁéi‘”ﬁi ddacy of

al pha-anyl ase Qﬂﬂ&l &%ﬂa@%ﬁé{%@x&%}f@@e@ st @IRBELENS! Brvdh@ shnvention s
herei nafter describ in terns of SOD being a stabri'lized alkali neta

chlorite, mrei@b@ap i%frel wv@iw@i%ié‘t“cmmwwzwﬁdot@@trﬁﬁe? il $iyxidgai | abl e of
the alkali met %M%}ﬂdﬁoea&%mmd;swmsﬁ Qﬁdf}aﬁnQhﬁ%@@utmﬁ%ﬁ&&@ﬁ}ged al kal i

metal chlorite is neant a buffered ution of chlorite at "a pH above
7, preferably pHdk bgwEgiht phwdysn a%ﬁifﬂ@‘ﬁ tpgioakti %Qécnbﬁ%escwsifahf& 22% W w

sodi um chl or t'?h!tﬂn@@t(ﬁrdv q'héh;%HQrgéa &her € ﬁ@g@@ﬂ&it%ﬁé@@y ok iepdiym chlorite may
al so be hinher or |lower. Hereinafter oncentrations are described in

terms of the coegalitrdtion of chlorine dioxide avail able as 0102 when the
chlorite is stoichionetricall converted to_chlorine dioxjde. Process The
present invéntion |§?%ﬁﬁ&bce§§ t & présnidier éﬁﬁgbh§ﬁrétéN§ f eedst ock's
conprising or consisting essentially of or cal |st ng, of contacting the
car bohydrat e f d8WERIBORE Wén‘?{e&bﬁglqr‘%"é‘?ﬁsémﬁb ?4‘1@0 gg‘??’de ("SOD'). SOD

i ncludes al kali and. alkallne earth netal chlo é%ﬁ The CH3305PCT
stabilized chlorine'df 85588 REGHEYS %‘éE?‘"ét‘i%l“éﬁé’ & SGt PESERESFihe

di oxi de- cont ai niangQAytcRbONENE 16 oilress reacithl @ d @rcantiaiigiviigoconpound, or

xposed 1o ao; doree i dfaT AR BHOUN V7 By GO V8T I8600 g/ kg Sof
total avail @bl enghbeni pehdsoxtde] prhasgidn enthbakhalolvweiasghtcoftotihe f eedst ock
during storage, transportation or other transfer prior to use of the feedstock.
Carbohydrate feedstocks thus preserved maintain the carbohydrate content
for use, such as in a biorefinery, or other consurnplion after storage and

transport.

20 SCD is added to the carbohydrate solution in the range of 10 myg/kg
to 10000 mg/kg as available chiorine dioxide, preferably in the range of 10
mg/ke to 5000 mg/kyg, more preferably 50 mg/kg o 1000 mg/kg, and most
preferably 100-500 mglkg, as available chlorine dioxide. SCD is effeclive
when the pH of the carbohydrate solution generally ranges beiween 2.6

25 and 8,

pH Limitations
SCD as defined herein comprises at lsast one of a chiorine
dinxide-containing oxy-chloring complax, a chiprite-containing
compound, or an entity capable of forming chlorine dioxide in a liquid
30 medium when exposed o acid. When SCD is an agueous solution of

sodium chiorite, the SCD has a pH of greater than pH 7. Sodium

12



Preferably, SCD is added in an anmpbunt to provide 10 to 5000 ng/ kg of total
avai l abl e chl orine dioxide, nore preferably 50 ng/kg to 1000 nol kg, and
nost pr efwoabliy3gNo- 500 ny/ kg, as avail abl e chl ori ne di exirds2010/05a3hz
process of the present invention, SOD is contacted with a 10 carbohydrate
feedstock, such as a mash, in an effective amount to protect-the
carbohydrate fromthe gromth of undesirabl e m croorgani sns and thus to
prevent deterioration of the feedstock. Deterioration of the feedstock can
be determ ned b%ﬁthﬁpggpulations of contam nant m croorgani sns present, or
t he concentrati % i'crobial netabolites, such as organic acids, that
15general |l y indi cate uni ntended and undesrrable m crobial activity in the
f eedst ock. M credbriganildives srlenseiisadiybshipring diokije pr@perfsgd Brom
proliferating i t ,@W ng the addition
of SCD. Surprré?ﬁ%?§,$ﬁﬁ%§g§$?ﬁrﬁgggggﬁﬁ%ghé?ggﬁsggggégﬁkgccordrng to this
20i nventi on reﬁ@ﬁﬁ@WS@ab$@Lﬁ@Wﬁ%ﬁ”ﬁé%@ﬁfbwepﬁohﬁﬁmﬁﬁﬁﬁhéﬁabte" it is meant
herein the addgw egrfn OQ EPARINES, Lheaahobydratenfmedst ock, where
"preserve" is fi'ne ere ove as preventing reaction of or consunption
of car bohydrat eisfbyeféé‘ﬁ@a@imarﬁorw@r oérr?@aﬁtt% rE22 & dfeipniaalear bohydrat e
feedstock does ok, YRLCEIRe @P«rr‘nﬂ‘ﬁr Sawerlmttt@v K@s&rﬁﬂhébu@é}l?zﬁ' ation in the
25 feedstock of nore than CFU, an
abbr evi ati on foﬁﬁeohoﬁ9£$bﬁﬁ$ﬁ@ydﬁF@ih@@ﬁ%ﬂﬁﬁg§dﬁgdo$”ﬁmé¥gbraI popul ati on

in the feedst OQ%tut R T1cUS8 %0k ArdQLRE M RE o G NYTRE T @F v abl e mi crobi al
cells in a sanpl'e per unit volume or per unit mass, or the degree of

m crobi al contam nathoRHidR HRATRIRSK ;é\ty%earanét zmawfebotmcbange is pH of the
30 preserved feedstock “shoul d not change nor e t han 5 pH units.

However , asﬂbréW@Bﬁ§$yﬂ§@%iéd“dp*f@haﬁdﬁi%ﬂyg%btﬁbeq§u§ﬁF@Fent under al

¢i r cumst ances et @%!“‘!31% i%%%&ﬂisbt@fbtﬂu 81 £ Al pahyuate nfeedst ock.
OH3305PCT The carb drate feedstock can be an aqueous sol ution or

suspensi on conpriEed Hgihe §§8@hapﬁde§“dd?§a%éﬁé¥Pd@?ﬁmﬁﬁﬁﬁbsacchar|des

pol ysacchar i desyqokid@iox bhibeatt ReteQksirdthangar bohydr atestaedst ock may
conprise a ferrrent abl e sugar, in particular, when the feedstock is intended

for use in prodttioRVErRISY Jif adsition ot fs agid FeRn 88 S g SHiiRc: or nol asses)

for human Cp:nsurrbhh%aﬂr tt@re t%&ea;rt;rfgeelrgetmé theppeAtati on, The
car bohydrate feedstock nprise up to 100% by merght of carbohydrates

General |y the é‘aﬁ‘b‘dﬁy‘ﬁrf&b’edﬁe@%‘t Sbfk‘eébﬁpﬁ”?eé&bt@t%éé 219% and 70%

car bohydr at e baged-eh; dihe: Laliate YR 9o-ghyibhe. {0088  @6kectilbly pref erably
between 2 and 40% Surprisingly, the procéss is effective in the

absence of added acir det@emﬂerataemamqornemmdnmmdeofﬁyot)baa aabsence of
added acid" is neant or ot her nethod such as

in that no acid i d
oxi dati on used ¥@H b@ﬁé‘ﬁ‘af@‘%lcg'ﬁ‘ﬁem&f%ﬁed ‘C‘%%Efg S BISSEEEEPY typical ly
ger for WES ato afé@zltﬂ dg{ﬂn@é?rcrb%&%rté’o 16 of thi 4l a'mfﬁ nmbs@mt ﬁiqakdtyum agges from ]a prlof
to pH 9, prefera 5t nor e er and nost preferably
4.5t0 7. In acg é“a&%é»d ’f‘b‘i‘@@ﬂ‘ﬁﬁgn &ﬂf‘%ﬁé’dﬂ WA car bohydrat e
feedstock in a gftedepemak bOMeicRio eﬁbmctﬁtﬁew@w@mww@ begun to

deteriorate the fee stock, il | oss .of carB dra te is irreversible,
-1 he solution typically comprises 5 2 w sodium chiorite

in water, aithough the concentration of sodium chiorite may also be

b
L

higher or lower. Hereinafter 3CD concentrations are described in
terms of the concentration of chiorine dioxide available as CiO9

when the chlorite is stoichiometrically converted to chiorine dioxide.
Process
The present invention is a process o preserve carbohydrate
30 feedstocks comprising or consisting essentially of or consisting of
contacting the carbohvdrate feadstock with a stabilized chiorine dioxide

("SCO". SCD includes alkali and alkaline earth metal chlorites. The
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20deterioration can be interrupted and the feedstock preserved for
subsequent processing of the carbohydrates. In this enbodinent, SOD is
added i n wo2anm38317t 0 provi de 50 to 10000 ng/ kg of t ot alPCawseéiabs@4zhl ori ne
di oxi de, based on total weight of the feedstock. Preferably, SOD is added
i.n.an anount to provide 100 to- 5000 ng/ kg, nore preferably 100-1000 ng/kg, .
250f total available chlorine dioxide. Car bohydr at e feedst ocks
preserved with SCD according to the process of this invention can be used
in fernentatiogﬁggﬁ éger bi orefi nery processes. The SCD content,

car bohydrate c t tion, and pH may vary dependi ng on specific desired
processes paraneters. These 30variations are well known to those skilled in
the art. stabifize ehlprieasdinrids aveptses ! eseDiescfesédpras a preservative for
car bohydr at e fegdst0Gks £ vity and
CH3305PCT subseque%i det%ﬁ?g?ﬁ?ﬁg%ﬁgghﬁﬂbp%g%mo «%9%{%@@b§@%§%ﬁ?

Cont ami nant mi ¢¥ g egaiicentbis atleudes bhletes fiaxids id w!\bg@dmrhwm 2007/ 149450
and cont am nan tinasid Qsed.4 i v s n i al No.

12/ 467, 728, fi feé%&% RS STE,0%80ed o ﬁw’ﬁ@%)e‘%’“ﬁp@& G o
that 5 causé uﬁﬁé&@ﬁ@dhﬂ%t@ﬁ%6§ﬁ$¢@ﬁ?@ﬁ“éhﬁ@@ﬁ?@%@$e@*b%8ﬁﬁﬁ§c%|nple sugar s
to deleterious p@@ﬂe% éﬁ@@mg %Qdé@gh%tare{ﬁny@cwmﬁ&dl@% 55@@ Agkd w by Of
cont am nant yeast OD can be used to control mcrobial Spoilage of

car bohydrate fé@é@ﬁ@%&@ﬁ@ﬁ%ﬁﬁ%%i§ﬁ@%ﬁﬁﬁﬁéémdﬂﬁééﬁﬁpd%@§f%mﬁiG@ﬂlulose
feedstocks. 10Ggldylasaylapdshoche.d ackudpoparesasdpl ant material such

as sw tchgrass, or agrlcu tural by-products such as corn stover and

bagasse. Sugar - baseg, fegastocksnk E@b@ﬁlﬁn‘é‘é{'ﬂéﬁ GANE id ddhERtRNGuP| asses.
In certain bloreflnery process, H of freshly processed sugarcane juice

or nol asses! O s AP BXEIHEBTSOC, wéw 3 yapatnee fTHHVE 25104RHCHEPIBCS) |

Sugar cane j ui cqm@&b@&@%a&%%ﬁ%%Hﬁ\rmemdmwﬁp Hﬂ*s@é?@ﬁ«;&@&h@ﬂﬂﬁ up to 50%
sucrose. In this enbodinent, SOD’is contacted e sugarcane juice or

mol asses. Thi s {@ BifvARCOIREprasienphitedparcllof. BEBROBIBNOTIE BFOS AR 6/ |

beneficial to iHNRYSHLIRANYABHENAS bl YdridmnbnlhRrdRi@AUets h8<d it ended for
st orage or transportatlon Sugar cane jui ce and nol asses tend to have

20nat ural |y occétiFt HECHNGRON & B1L0H G ARSI G BYAHT 8760 NI sis t hat

contribute #:0 sidgarGaARGicht G8OKISI RS FRSsIER hReDial Ehtsy coat act with SOD
accordi ng to this invention extends useful storage life of these products

by reducing t héo¥HHEE W“BW@§B%mFéﬁ%TWPé?%%@ﬁﬁﬁi@ﬁﬁmﬁ6bﬁP6M/|n and

deteriorate therbid et ok tdbBases raaReRdirngisRRk fhewht tBodqdihe: &5 sucrose
(carbohydrate) concentration, a dose of 200-1500 ng/ kg of SOD as avail abl e.

0107 (e.g., 335%3%10 ny/ kg of sodiumchlorite, based on total feedstock
weight) is sufficient to 5%%¥ent r Qwt nisms .in the cane

t he m cr.oor
juice or nol asses. THFEESNY! ﬁéaﬁpgﬁgg§3%?ﬁ%ﬁééeﬁﬁvéﬁ?ggﬁﬁiFﬁé?e is

i mprovenentzg N ipvention remains stable for at least one month. By “stable”, it is meant
hersin the addition of SCD preserves the carbohvydrate fesdstock, where
“preserve” is defined hereinabove as preventing reaction of or consumption
of carbohydrate by contaminant microorganisms. A stable carbohydrate

feedstock does not undergo an increase in the microbial poputation in the

R
WA

feedstock of more than 1 logqp CFUWiml or 1 logqg CFU/g. CFU, an
abbreviation for colony forming unil, is a measure of microbial population in
the feedstock. CFU is used to determine the number of viable microbial
cells in a sample per unit volume or per unit mass, or the degree of microbial
contamination in samples. A second measure of change is pH of the

30 preserved feadstock should not change by more than 0.5 pH unils.
However, as previously stated, pH change may not be sufficient under all

circumstances to monifor preservation of a carbohydrale feedstock.
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30 storage and transportation of carbohydrate feedstock by reducing
deterioration thus inproving operation of downstream operations, such as

f er ment atworo11/@88305PCT EXAMPLES The exanpl es demomaiSe@nOsa3nE
preservation of carbohydrates stored in the presence of SOD. In these
Exanpl es, SOD is a buffered solution of sodium-chlorite (21% w w)- havi ng-a
pH of 9.2, available fromE. |. du Pont 5 de Nenours and Conpany,

W I mngton, DE. Exanple 1 In this Exanple, SCD was used to control
growt h of spoi |{f}$%@b§%tferl a in nol asses. Ml asses (avail abl e from B&G
Foods, Inc., Roséland,” ' NJ, car bohydrate content of about 50% was dil uted
wth 3 1 parts wat er to 10nodel industrial conditions. The diluted nol asses
sol ution was steril i pea2By wliele cpasipiasy cap ba of SHHRPEREIFECBPT 121C. The pH of

the sterilized s%@‘léﬁsic%rbﬁ\ﬁ@ﬁi Rg3onodNeneMt Hion-cnasidshenodhonhdggkd nto 7 :
i ndi vidual 75-nl sanples in individual 125-nm f|asks. SOD was added to each

flask to give &WaAydEresonERRrPaticd f Ferreobwirasdesasiaes MPased on
avai | abl e 0102.; gﬂr%@mj@m@wm&i?aa rOSarandarlastobackddsusxp arbaeg 1m

bacteri a knovvn to contam nate industrial ethanol production, were used in
this Exanpl €. THeSBAPEFTEIORSF 1958 prriytiarspch Poivie @éﬂ*ﬁ?ﬁﬁ?ia“ﬁ?sa@ﬁ/ﬁn Rodosa

and Shar pe (W%n@n%ﬁs&rﬁbﬁ%n'@%rﬂss@"s@fﬂe@tﬁﬁ&biE&%&@Ra@;ﬁ'@ﬁ@ I nc., Sparks,
MD) at 32C. The bacteria were then mxed together and inocul ated into the

i ndi vi dual 20 %r‘ﬁﬂ?‘é@di%feﬁ?%@”‘dédhb‘ﬁﬁF{*iiﬂfrid&“t%lwg%(@’ Weighie¥i al nt (as col ony

formng units/ l"aMuh?é}f%féﬁ%S%eﬁaﬁiy e LQQOHdeit@EJé%E%cQ comprises bl@bedn Vi abl e
bacteria in the sanples herein was neasure as a concentration of col ony

formng units (%F@b‘d per F@ﬁ?thé{fﬂﬁ/t%ﬁﬁ?ﬁé?n(tﬁ‘e E’t& et Al e dtecsleitpl e, There s a.

direct corrgl ati-gn,0fy wopsent kat hop of bacteria S5in the sanples and the
OFti neasurenent. Thus, the higher the concentration of bacteria, the

hi gher the CFU woul auﬁessm@rﬁ} Mb(‘p&x‘é@ﬁ &&aﬁeéﬁ./aan CenNeRhtOs, addbiaciane

transforned nmat hemati cal | garithmec v |0CF to sinplify
conpari sons betIREBIF YUY ?‘é%e*\?“‘??eg‘t%@ glsence O?d“?d%d“%’ afHF"F’ t¥'9f s to
i nhi bit Ithe ]gr amktmoadcidis saBeybiscipdidndihod b & 1A a30n wasd meRsurgsd by plating
out sanples rom eac ask. At 24-hour intervals, s |l e re
W thdr aun 1 rom GKERCFIGR, TaPIR<SE GaTHiG GPsHPTgHd ot = b SF Aeast 217
15 The pH preferably ranges from a pH of 3 {o pH 9, preferably 3.5 to 8, more

preferably 4 to 7, and most preferablv 4.510 7.

in a second embadiment, SCD is contacted with a carbohydrate
feadstock in a unit operation in which microorganisms have begun {o
deteriorate the feedsiock. While loss of carbohydraie is revarsible,

26 detenoration can be interrupted and the feedstock preserved for
subsequent processing of the carbohydrates. In this embodiment, SCD s
added in an amount to provide 50 to 10000 mgfkg of total avaiiable chiorine
dioxide, based on tolal weight of the feedsiock Preferabiy, SCH s addsd in
an amount fo provide 100 to 5000 mygfkg, more preferably 1001000 mg/ky,

25 of toial available chiorine dioxide.

Carbohydrate feedstocks preserved with SCD according o the
process of this invention can bs used in fermentation and other biorefinery
pm(:ésses. The SCD content, carbohydrate concentration, and pH may
vary depending on specific desired processes paramelers. These

33 vartations are well known io those skilled in the art.

in the present invention, SCD is used as a preservative for

carbohydrate feedstocks to impede contaminant microorganism activity and

15



CH3305PCT phosphat e-buffered saline (available from Sigma-Aldrich, Inc.,

St. Louis, M) and plated (0.1 nml) onto the surface of MRS plates. Plates
wer e i ncuweted/|83132C and resul tant col oni es were count @dT/ush@ossutts are
shown in Table 1. 5 Table 1. Response of L. brevis and L. plantarumto
treatment with stabilized chlorine dioxide at 32C.in diluted nolasses SCD. -
concentration Logi CFUrni Oh 24 h 48 h 0 ng/kg 5.0 8.53 9.3 37.5 ng/ kg
5.0 8.79 8.88 5 ng/kg 5.0

CH3305PCT

subseguent deterioration of the carbohydrate feedstock. Contaminant
microorganisms include bacteria as disclosed in WO 2007/149450 and
contarninant yeast as disclosed in U.5. Patent Application Serial No.
12/487 728 filed May 18, 2609, SCD inhibits growth of certain bactsria that
5 cause undesired decompaosition of carbohydrates such as simple sugars to
deleterious acids and also seleclively to reduce the aclivity of contaminant

yeasts.

SCD can be used o contro! micrabial spoilage of carbohydrate
feedstocks such as sugar-based feedstocks and calluiose feedstocks.
1t Cellulose feedstocks include unprocessed plant material such as
switchgrass, or agricultural by-products such as corn stover and bagasse.

Sugar-based feedstocks include sugarcane juice and molasses.

ir certain biorefinery process, the pH of freshly processed sugarcane

juice or molasses s approximately 5 (usually belween pH 4.5 and pH 5.5).

L

Sugarcansg juice containg 10-15% sucrose, while molasszes contains up to

sy

50% sucrose. In this embodiment, S3CD is contacted with the sugarcane
juice or molasses. This contact may be immediately upon production, which
i5 heneficial to impede microorganism activity if the product is intended for
storage or ransporiation. Sugarcane juice and molasses tend o have

26 naturally oceurring high levels of contamination by microorganisms that
contribute to sugarcane juice or molasses spoilage. Thus, contact with
S0 according to this invention extends useiul storage life of these
producis by reducing the capacity of spoilage microorganisms to grow in

and deteriorate the juice or molasses. Depending on the pH and the

[
i

sucrose (carbohydrate) concentration, a dose of 200-1500 mofkg of SCD as
avaitable CiO9 {e.g., 335-2510 my/kg of sodium chiorite, based on total
feedstock weight) is sufficient to prevent the growth of microorganisms in

the cane juice or molasses.

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

fermentation.
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2.27 3.38 112.5 ng/kg 5.0 <1 < 150 ng/kg5.0 <1 300 ng/kg5.0 <1 450 ng/ kg
5.0 < Table 1 shows the initial bacterial concentration in all of
t he sanplwe 20u#38310 | og i 0 CFLUnl of nol asses as i nocul acedisand/osnsat ogous
to what 10m ght be seen at industrial scale. The control sanple that
received -no SCD treatnent allowed the bacteria to growfrom5.0 |log io
CFLIIm to 853 i0g0 CFUmM in 24 h and to 9.3 10910 CFU m after 48 h.
both at 32C. Treat nent

CH3305PCT

EXAMPLES

The examples demonstrate the preservation of carbohydrates stored
in the presence of 8CD. In these BExamples, SCD is a buffered solution of
sodium chiorite (21% w/w) having a pH of 8.2, available from E. 1. du Pont

de Nemours and Company, Wilmington, DE.

(e

in this Example, SCD was used te conirol growth of spoilage bactena
in molasses. Molasses (available from B&G Foods, Inc., Roseland, NJ,
carbohydrate content of about 50%) was diluted with 3.1 parts water lo
10 model industrial conditions. The diluted molasses solulion was slerilized by
autoclaving at a temperature of 121°C. The pH of the sterllized sclution was
5.32. The sclution was then divided into 7 individual 75-mi samples in
individual 125-ml flasks. SCD was added to each flask {o give a range of

concentrations from 0 to 450 mg/kg, based on available ClO7.

13 Lactobacilus brevis and Lacfobaciffus plantarum, bacteria known to
contaminate industrial ethanol production, were used in this Example. The
hacteria were separately grown overnight in deMan Rogosa and Sharpe
(MRS} broth (available from Difco Laboratories, Inc., Sparks, MDY at 32°C.
The bacieria were then mixed ingether and inoculated into the individual

20 samples {0 provide approximately 107 bacteria/ml {as colony forming

unitsfml, expressed as "5 logqg CFU/mI).

Total viable bacteria in the samples herein was measured as a
concentration of colony forming units (CFU) per unit of volume (le.,
CFU/mi) of sample. There is a direct correlation of concentration of bacteria

25 inthe samples and the CFU measurement. Thus, the higher the
concentration of bacteria, the higher the CFU would be and vice versa. Asa
convention, CFUs are transformed mathematically into logarithmic values

{LogqpCFRU) to simplify comparisons between different treatments.

The ability of SCD to inhibit the growth of L. brevis and L. planfarum
30 was measured by plating out sampies from each flask. At 24-hour (i)

intervals, samples were withdrawn from each flask, diluted using sterile

17



with .37.5 ng/kg SCD limted gromh to 8.88logi 0 CFUmM after 48 h.
Treatnment with 75 ng/ kg SCD reduced the concentration of bacteria in the
15sanpl e woem1#3831ro 2. 26 | og 10 CFU M after 24 h and POTAIS3@0/066sH2 O

CFU mL after 48 h. At ail SCD concentrations higher than 100 ng/ kg tested,
t he nunber of L. brevis and L, plantar:1mthat coul d be recovered fromthe
nol asses sanpl es was bel ow the detectable limt. Table 1 indicates that
treatment with SCD at these concentrations is able to inhibit the growh of
20bacteria and ih g‘ e reduce the bacterial deterioration of nol asses

i nt ended for eH g eedstock. CH3305PCT Exanple 2 The rate of
chl orine di oxi de rel ease (generation) from SCD was determ ned by activation

usi ng | actic adl@sriatecbyfifor sdind (prddiie Farpyoeeriidiinift Sbaétsria found in
carbohydrat e T eedsi G Sed l((?“i trrh} SnS XA R B of MREM1ID/ hiaRE, 501 Uti ON was
acidified with lactic acid to generate Cl02 at anbient tenperature. An
appr oxi mat e 250nawyaied at SOO @zﬂ igEiiomt aplenipaerdppudicdutengsais sfock
FermaSure(r) Xg.soluyt+op.with water. Portions of the 250 ng/L SOD sol ution
were then aci dliled to bet ween 2 2 and 3.2 using a dilute, < 2% | actic
acid solution. An Accurret pH _Met er £ava| | able from 10 Fis

Scientific Condaf, FHSPOIEA L )(fs\%‘é dé"éf?j‘a”ff(i?tﬁﬁ*ﬁﬁ‘"‘éﬁ‘fmi"’ﬁ%*’%‘él”mq on pH of

the solution, ThRASuBkikads2%0nMWliksslidkkon was then anal yzed for C Q2
concentration using a HACH DR/ 2000 spectrophotoneter (avail able from Hach

Conmpany, Lovel and, CO), which was ¢alibratg ‘99’%53 yfral, 420nrn and 445 nm
for 0102. Data frorr the JLhsprGhisphot-onetef—Was—col .ect ed at 10 second
intervals, using a DELL computer and HACH Li nR42000 dat@ahl oggi ng sof t ware,
for up to 24 hours. é_\ sumrary of 0T02 ., enera}l@p ata s Th Tabl e 2. Table
2. Rate of release bf 102 _versus. tims C102 dIALL P Ti me (mg/kg) pri 1
h 4h 37.5 mglkg 5.0 8.88

75 mgfkg 5.0 2.7 3.38

112.5 mgfg 5.0 < <1

150 mofkg 5.0 <1 <1

300 mgikg 50 <1 < 1

450 ma'kg 50 < i <1

Table 1 shows the initial bacterial concentration in all of the samples
was 5.0 logqp CFU/mi of molasses as inoculated and analogous to what
18 might be seen at industrial scale. The conirol sample that received no SCD
freaiment allowed the bacteria to grow from 5.0 logqg CFUmMi lo 8.53 log4g
CFUMiin 24 hand 1o 9.3 logqg CFWmi after 48 b, both at 32°C. Treatment
with 37.5 ma/kg SCD limited growth to 8.88 logqpn CFU/mi after 48 h.
Treatment with 75 mg/kg SCD reduced the concentration of bacteria in the

sample fram 5.0 to 2.26 logo CFU/mi after 24 h and to 3.38 logqg CFU/Mm

[
[

afler 48 h, At all 8CD concenirations higher than 100 mg/kg tesled, the

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

maoiasses samples was below the defeciable limil. Table 1 indicates that

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

intended for use as a feedsiock.

18



8h 12h 161i 20h 24h 2.2 2.4 2.6 21 8 5 47 25 14 63 40 23 78 52 32

WO 2011/038317 PCT/US2010/050342

CH3206PCT

Example 2

The rate of chiorine dioxide release {generation} from SCD was
determinad by activation using lactic acid, a common acid produced by
cortaminant bacteria found in carbohydrate feedstocks. in this example a

5 250 mg/L SCD solution was acidified with lactic acid fo generate GO al

arnbient temperature. An approximate 250 mg/l. SCD solulion was made
by diluting a stock FermaSure® XL solution with water. Portions of the 280
mg/h SCD scolution were then acidified to pH between 2.2 and 3.2 using a
dilute, < 2%, lactic acid solution. An Accumet pH Meter 25 (available from

10 Fischer Scientific Company, Fair Lawn, NJ) was used o monitor the
solution pH of the solution. The acidified 250 mg/L. solution was then
analyzed for CiJ2 concentration using a HACH DR/2000
spectrophotometer (avaiiable from Hach Company, Loveland, CO}, which
was calibraled at 400 nm, 420nm and 445 nm for ClOg. Data from the

15  spectrophotomester was collected at 10 second intervals, using a DELL
computer and HACH Link 2000 data logging software, for up to 24 hours. A

summary of ClOg generation data is in Table &,

Table 2. Rate of release of ClOg versus time

ol CiO» Formed After Time {mgfkg)

1h 4h 8h 12h 18 h 20 h 24 h
2.2 213 47 83 78 85 88 105
2.4 8 25 40 52 61 89 72
2.6 5 14 23 2 39 A4 45
2.8 3 g 15 20 25 28 32
3.0 2 7 12 17 20 22 25
3.2 1 4 7 g 12 12 ND¥

* Not determined.

Tabie 2 shows releass of chlorine dioxide from SCD is relatively slow,
aven at low pH. Thus, when SCE is contacted with a carbohydrate

feedstock af pH of at least 2.8, without adding acid, # is surprising thal the
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89 61 39 98 69 44 105 72 48 2.8 3.0 3.2 .,_3210) 15 12 20 17 -

WO 2011/038317 PCT/US2010/050342

L

CH3206PCT

SCD has a preservative effect. That is, growth of bacteria, which goours
through consumption of carbohydrate, is substantially prevented, when

concentration of ClOs is expecied o be very low.

20



L ,qg 25 20 12 29 22 12 32 25 ND* i * Not determ ned. 20 Table 2
shows rel ease of chlorine dioxide fromSQOD is relatively slow, even at |ow
pH. Thus,wolen/B€D7i s contacted with a carbohydrate fee#sraskoawsEke of at

| east 2.6, without adding acid, it is surprising that the Cl-13305PC-T SCD
has a preservative effect. That is, growh of bacte a, which occurs through
consunption of carbohydrate, is substantially prevented, when concentration
of Cl02 is expected to be very low. CH3305PCI CLAIMS What is clainmed is:

1. A process to pLegREyg a carbohydrate sol ution agai nst

CLAIMS

What is claimed is:

1. A process to preserve a carbohydrate solution against
microorganisms comprising or consisting essentially of or consisting of
5 contacting the carbohydrate solution or suspension with a siabilized
chiorine dioxide at a pH of af least 2.6 wherein the conceniration of the
carbohydrate is at least 1%, by weight of the feedstock, and the amount of
stabilized chiorine dioxide added is 10 to 10000 mg/kg as ClOg, based on
total feedsiock weight.
1f 2. The process of claim 1 wherein the concentration of
carbohydrate iny the feadsiock is 1.0 to 70%, based on the tolal feedstock
weight, and the pH is at leasi 3.
3. The process of claim 1 wherein the carbohydrate fesdstock is
a solution or suspension of a fermeniable sugar.
15 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 1 wherein the carbohydrate fesdstock is

20 a cellulose feedstock,

8. The process of claim 1 wherein the stabilized chioring dioxide

is one or more chiorite-containing compounds.

7. The process of claim 6 wherein the one or more
chiorife-containing compounds is an aqueous sclution of an alkali metal

25  chionts.

8. The process of claim 7 whersin the alkall metal chivrite is

sodium chiorite.
8. The process of claim S wherein the pH iz 310 9.

10.  The process of ¢laim 8§ wherein the pHis 4 to 7.

21



m croorgani sns conprising or consisting essentially of or consisting of
contacting the carbohydrate solution or suspension with a stabilized

chl ori ne woaridssar a pH of at | east 2.6 wherein the corcentseabiosns4nf the
carbohydrate is at |east 1% by weight of the feedstock, and the anount of
stabil-ized chl orine dioxi de added is-10 to 10000 ngy/ kg as C102, - based on
total feedstock weight. 102. The process of claim1l wherein the
concentration of carbohydrate in the feedstock is 1.0 to 70% based on the

t ot al feedstoc&% @htvr and the pHis -at least 3. 3.The process of claim1l
wherein the car rate feedstock is a solutlon or suspensi on of a

f er ment abl e sugar. 154 TQ Process of cla ein the carbohydrate
feedstock further conp Eﬁf@ﬁ%ﬁw&@dﬁ%%#F&Et%ﬁ%@ﬂﬂ%ﬁ%B@ré%%te anti f oam ng

conposi tions, Mnaghalsxidersaged 8l BBeNDse name;, casd falkonsdefoct Wwo or nore
t her eof . 5., . The process of claim1 wherein the carbohydrate

feedstock i s 20%%¥ | ul ose feedst ock, 6. The process of claim1l
wherein the stabilized chlorine dioxide is one or nore chl orite-cont ai ni ng
conpounds. 7. The process of claim6 wherein the one or nore
chlorite-contai ning conpounds is an aqueous sol ution of an al kali netal
25chlorite. 8. The process of claim7 wherein the al kali netal
chlorite is sodiumchlorite. 9. The process of claim8 wherein the
pHis 3 to 9. 10. The process of claim8 wherein the pHis 4 to 7,

CH3305PCT 11, The process of claim8 wherein the anount of stabilized
brine di oxide added is 50 to 1000 ny/ kg, based on total feedstock weight,
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