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relates to specially selected catal ase enzynes and
their use in reduci ng hydrogen peroxide in peracid
antim crobial conposition in industrial applications,
and particularly in aseptic packagi ng applications.
BACKGROUND I n the food, beverage and dairy market
there exists a wide array of shelf stable packaged
liquid and sem -liquid foods. These range from canned
soups, to highly acidified soda and sport drinks.
Until 30 years ago the only options avail able for
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applications, and particularly in aseptic packaging applications.

BACKGROUND

In the food, beverage and dairy market there exists a wide array of shelf stable
packaged liquid and semi-liquid foods. These range from canned soups, to highly
acidified soda and sport drinks.

Until 30 years ago the only options available for production of a shelf stable
food with low acidity was thermal sterilization of both the packing and the food in a
unitized manner. This was done either through pressure cooking, processing of sealed
containers, or by filling thermally resistant packaging with a hot liquid food (the heat of
the liquid food thereby sterilizing the packaging).

The introduction of aseptic packaging called for thermal sterilization of a liquid
food stuff and separate chemical sterilization of the food packaging. This allowed for
shorter thermal treatment of the food and the processing of foods that would have
normally not been suitable for shelf stable food processing.

A chemical sterilant used in aseptic packaging is peracid. Peracid exists in

equilibrium with its corresponding carboxylic acid and hydrogen peroxide. The



shorter thermal treatnment of the food and the
processing of foods that would have nornmally not been
waivakdoad f or shel f stable food processing. A POEMB2061/051610
sterilant used in aseptic packaging is peracid.
Peracid exists in equilibriumwith its correspondi ng
carboxylic acid and hydrogen peroxide. Theequilibrium
shifts to the reactant side or the product side of the
chem cal equilibrium equation based on the
concentration of reactants or products present in a
given solution. Normally a peracid is provided to an
end-user as an equilibriumconcentrate and the
end user dilutes the concentrate to the level that is

&}Eﬁlfb@qg %thsrﬂ) ?ﬁe%ﬁ(%l t&ia€df Hl%rf)‘focﬁh stlg(ﬂs: ff thé&ﬁeﬁlﬁ&d@ e(ﬁﬂlhbrlum

rest e peraC| InSI a sunp
ase tt!lc thego 0£ }oln% T act%V\'{s O~ DI derse C tlna 1ven solution.
equ U % e car%oxy paC| >8Bh 3Ih d %

per oxi de. a_ resul t he su ccumul at es.
| evel sq\Z‘Pr drdgen’ ﬁ%PW}d&%t %‘3 ArBoRYS u%fg’fl Concentrate and
Filler manufacturers and custoners have speC|f|cat|ons
sethe £rt-useh HIHERDE s0racBUHE thie lygethatde FeaRirerbfog microbial treatment
carboxylic acid in the sunp. Wen the sunp approaches

5 t hofdh¢if srface of ipkenesh eOwditimeg Bwrperadidansidala sivep mepenticadckaging
with fresh solution. Qher filler manufactures wll
s edpetdtion siositl pdegnples or ¢dudlibrates ek tatheentbakyliddcakbaohddiyfirogen
rate. Adjusting the bleed off rate will nodify the
acgdrillat Aofnresat, ehodunfpedcoxhdletea Aghedeadxyf Hydra@eh ferbRide and
the sunp so that the Iine can be run for an extended

| en@ddxyBé adill MBilleBRbMRftutRESE ctOGEIURRSpLAGERRES sdt e
amount of water, energy, and chem stry required
maximum levels of hydrogen peroxide or carboxylic acid in the sump. When the sump
10 approaches this limit it can be shut down, drained and refilled with fresh solution.
Other filler manufactures will set the system up so that it has a certain bleed off rate.
Adjusting the bleed off rate will modify the accumulation rate of peroxide and
carboxylic acid in the sump so that the line can be run for an extended length of time.
Both of these procedures increase the amount of water, energy, and chemistry required
15  to operate an aseptic filler. It is against this background that the present invention has
been made.
SUMMARY
Surprisingly, it has been discovered that selected catalase enzymes are
particularly effective at decomposing hydrogen peroxide under the temperature and pH

20  conditions found in peracid compositions and in particular in peracid compositions that

are used in aseptic packaging.



to operate an aseptic filler. It is against this
background that the present invention has been nade.
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sel ected catal ase enzynes are particularly effective

at deconposi ng hydrogen peroxi de under the tenperature

and pH conditions found in peracid conpositions and in
particular in peracid conpositions that are used in

aseptic packagi ng. 2353W0U2 The use of the selected s353w0ou2
cat al ase enzynmes degrades hydrogen peroxide in aseptic
filling operations which | eads to decreased water,

chem stry, and energy consunption because the system

has to be drained | ess often. Accordingly, this

i nventigp Je h@&ls§§&&e@c£@£§a@q@3§eégfﬁgﬂagésggpg@g% BACKRE GPaseptic

using aseptic packaging by pr

anttilhirrlri 8}r)ec%btiloa|s WhICHOR stt(i) 80+ &RL \gvi t%ri & rrsligtlre.%t & gne(fat ggn%&r%ption
enzynmesSPRVAr ogen peroxi de, - car boxylic acid, —ang

rcarbaoxylic gcid, optionally heating. the . . .
gn SCPHSE ?la%slyatrsm%ﬁbooléq rf“(‘j‘ﬁ@f‘eéﬁq%ﬂeé‘p %c‘ﬁ?ﬁ&g{[‘)h éhls invention relates to a
anti m crobial conposition to a surface of a food )
palBRAGLO! Hsiakrcarmbritkagehating &yraldt Rackpgng PrgTovidigs peracid
product |ocated in the food package suitable for '
di antipfigrabiiabeprnedition cempiides soiesdapialage prayays.dvydrogge peroxide,
conditions. This invention also relates to a nethod of
di sirtnixgli¢ a0id) apd pkagbexyiri acyl, aptemilly hpeiok dgi ang migrobial
provi di ng an
compositions and applying the antimicrobial composition to a surface of a food package
in an amount that renders the final food product located in the food package suitable for
distribution and sale under nonrefrigerated storage conditions. This invention also
relates to a method of disinfecting packages using aseptic packaging by providing an
antimicrobial composition that has selected catalase enzymes, hydrogen peroxide, a
carboxylic acid selected from the group consisting of acetic acid, octanoic acid and
mixtures thereof and a peracid selected from the group consisting of peracetic acid,
peroctanoic acid and mixtures thereof, heating the antimicrobial composition and
applying the antimicrobial composition to a surface of a food package in an amount
sufficient to render the final food product located in the food package suitable for
distribution and sale under nonrefrigerated storage conditions.
This invention also relates to a method of disinfecting packages using aseptic
packaging by forming an antimicrobial composition in a sump, heating the composition
in the sump and pumping a portion of the antimicrobial composition from this sump to

the package and applying the composition to the surface of a food package in an amount

sufficient to render the final food product located in the food package suitable for



antim crobial conposition that has sel ected catal ase
enzynes, hydrogen peroxide, a carboxylic acid selected
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acid and m xtures thereof and a peracid selected from

the group consisting of peracetic acid, peroctanoic

acid and m xtures thereof, heating the antim crobia
conmposition and applying the antimcrobial conposition

to a surface of a food package in an anpunt SUffiCig@iﬂNOUz
to render the final food product |located in the foo

package suitable for distribution and sal e under
nonrefrigerated storage conditions. This invention

also relates to a nethod of disinfecting packages

USEfBbARFRIE S 1P RASAH R (A QT W% Ahaftidh, Wifife QRh@aneously
E at th ﬁe

conposition In a sunp, I Ng conposition in t
sunp .and punpi ng a.portion of the antjm crobial ... s
c RUEP e RhOth BHREOLR £h rhE ST LR AT iy egions

the conmpositioon to the surface of a food package in an
AT SOACPRIRS el P B Foriisatraig T Byfidrepir xide

| ocated in . the food package suitable for2353W0OU2

di RdeW BGetidh thagsdoldal e under nonrefrigerated storage

condi tions, while sinultaneously nonitoring the
concentlfigallyothe dfvenyen wipees tpemiiadeolireryekeg Sungs salygon.

addi ng additional catal ase enzyne into the sunp to

mai nt ai theshandowing embpdinicots vail baypdpage o thesoxdi sédl inehoant and

a certain threshold. Finally, the invention relates to

a sedrbatvied of aeyolléwigg detbildiSds&itivh iodKome embodiments. It should be

understood, however, that this summary, and the detailed description illustrate only
some examples of various embodiments, and are not intended to be limiting to the
invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a schematic of a bottling operation.

DETAILED DESCRIPTION OF SOME EMBODIMENTS

As discussed above, the invention generally relates to the use of selected
catalase enzymes in peracid compositions and in particular in peracid compositions that
are used in aseptic packaging.

Catalase Enzyme

The present invention uses a catalase enzyme to reduce the concentration of
hydrogen peroxide in the antimicrobial composition. Catalase enzymes catalyze the
decomposition of hydrogen peroxide to water and oxygen. Sources of catalase enzymes
include animal sources such as bovine catalase isolated from beef livers, fungal

catalases isolated from fungi including Penicillium chrysogenum, Penicillium notatum,



These and ot her enbodi nents will be apparent to those
of skill in the art and others in view of the

wo a0obagtony detail ed description of some enbodi PERTB00Y (51610

5

10

15

20

shoul d be understood, however, that this summary, and

the detailed description illustrate only sonme exanpl es

of various enbodi nents, and are not intended to be

limting to the invention as clained. BRIEF

DESCRI PTI ON OF THE DRAW NGS Figure 1 shows a schemabk&worn
of a bottling operation. DETAILED DESCRI PTION OF S

EMBCODI MENTS As di scussed above, the invention

generally relates to the use of selected catal ase

enzymes in peracid conpositions and in particular in

Pef, %s?%fggn@gz%aef',g@m S&lﬂ@és, He rildfss%qrd.eg s&‘fl%@@ hylcoccus aureus,

packag t se Enzyne The present invention uses

a 29 %t %lne%scevarelgt%é/nn%ncti %)nor ﬁl%gt(i:oe s.tt}rlleereocf.o §8enits{naf | erlla o{)een found that
hydragen péroxi dé i nthe antim crobri al  Compostti on.

Cat al ase enzynes catal yze the deconposit.ion of .

Py PE SRR Teeq e AN By RN ndpUeRsl sympositions and
cat al ase enzymes_ include ani mal sources such as bovine
cdhareselting shBRsEiPnfip BiplHdR APRliclépns sugh gsgasptic ppeliagings The
isolated fromfungi including Penicilliumchrysogenum
Peitiertd caiptpseo neptdea dpdsizpauge of their ability to decompose hydrogen

peroxide at lower concentrations of catalase enzyme compared to non-fungal catalase
enzymes. Additionally, the fungal catalase enzymes are more stable in the pH,
temperature, and acidity environment found in peracid compositions and aseptic
packaging operations.

Catalase enzymes used in this invention include catalase enzymes with a high
ability to decompose hydrogen peroxide. In some embodiments, the catalase enzyme is
able to degrade at least about 500 ppm of hydrogen peroxide in a peracid composition
in 15 minutes.

Catalase enzymes used in this invention include catalase enzymes with a high
ability to decompose hydrogen peroxide at low concentrations of catalase enzymes. In
some embodiments, the concentration of catalase enzyme needed to degrade 500 ppm
of hydrogen peroxide in a peracid composition in 15 minutes is less than 200 ppm, less
than 100 ppm, and less than 50 ppm.

Catalase enzymes used in this invention include catalase enzymes with a
tolerance to temperature ranges found in aseptic packaging applications. Typical
aseptic operating temperatures can range from 40-65° C. A suitable enzyme should be

able to maintain at least 50% of it activity under storage @ 65°C for 1 hour.



and Aspergillus niger, plant sources, bacteri al
sources such as Staphyl coccus aureus, and genetic
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has been found that fungal catal ases are especially

suited for use in peracid antim crobial conpositions

and the resulting conposition is useful in

appl i cations such as aseptic packagi ng. The preferred

catal ases are desirable because of their ability tosss3wour
deconpose hydrogen peroxi de at | ower concentrations o
cat al ase enzyne conpared to non-fungal catal ase

enzynmes. Additionally, the fungal catal ase enzynes are

nore stable in the pH, tenperature, and acidity

envir or@@aﬂgsefe(ﬂ s RePRI RS iilqveﬁf?gﬂ)ﬁiauﬁé Qﬂﬁa%%gﬁﬁtﬁ%ﬁgiklga

r
packagi ng operations. Catal ase enzynes use
cl ude. cat al ase. enzynes mﬁﬁh.a hi.gh abiligykvdin

! nt\(/)%?gnlcg b o}')SIQ rances fodnd in asep%c.pgc agig app catlorﬁsb ¢ acctic aci

t 0 deconpose hiydr ogen' peroxiide. me enbodl MENT S,
the catal ase enzyne .is able t rade at | east. about
08 SO I FipaROERUBEF et SR8 PP AL d BB e o
in 15 m nutes. Catal ase enzynmes used in this inventiaon
i moUhiga ik apH raees BabgHed-mwwt K Ritphlg RnzyBie maiptaing S0% of its
deconpose hydrogen peroxide at | ow concentrations of

c adcHV i undsn stprags of 3 polelégmecoatiyorld showt 20000 ppm acetic acid over a
concentration of catal ase enzyne needed to degrade 500
pprariofl ohyulrlogen peroxide in a peracid conposition in

15 mnutes is less than 200 ppm |ess

The catalase may be free floating in the antimicrobial composition, meaning that
the catalase enzyme is part of the antimicrobial composition without being bound to a
surface.

Alternatively, the catalase may be immobilized on a surface that is in fluid
communication with the antimicrobial composition in way that allows the catalase to
interact with and decompose hydrogen peroxide. Immobilized catalase may be more
stable than unbound, soluble enzyme. Immobilized catalase also shows increased
thermal and pH stability which might be due to the protection the substrate provides
against sudden thermal and pH changes. An immobilized catalase also has the
advantage of being able to be removed from the rest of the composition easily. An
immobilized catalase may include a soluble catalase that is attached to a substrate.
Examples of substrates may include polyurethane foams, polyacrylamide gels,
polyethylenemaleic anhydride gels, polystyrenemaleic anhydride gels, cellulose,
nitrocellulose, silastic resins, porous glass, macroporous glass membranes, glass beads,

activated clay, zeolites, alumina, silica, silicate and other inorganic and organic

substrates. The enzyme may be attached to the substrate in various ways including



than 100 ppm and |l ess than 50 ppm Catal ase enzynes
used in this invention include catal ase enzynes with a
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packagi ng applications. Typical aseptic operating
tenperatures can range from40-65 C. A suitable enzyne
shoul d be able to maintain at |east 50%of it activity
under storage @50C for 1 hour.2353W0U2 Cat al ase
enzymes used in this invention include catal ase 235ﬂNOLu
enzymes with a tolerance to pH ranges found in aseptic
packagi ng applications. The acetic acid level in an
asepti c packagi ng operation can reach 20000 ppmin the
sunp. This produces a solution in a pH range of about

Rovdiert BiddAR!, &o&HAK L3405 p A8 Ric bihing, and
actpé?tgvun er g?%rgge o%gé&gk u?%on cont%%%?ngn bout
Zoogggggn1acet|c acid over a period of one hour. The

may be free floating in the anti m crobial

conposi ti on, ani n hat .t he cat al ase enzyne. is [t
o The Gt ERaBr Ao ESABBSA oA T ER RN ARG BB forms
to a surface. Alternatively, the catal ase may be

METCiably aﬁﬁlaglesqﬂaﬁaég éncﬂurﬁlgf beth theactiyg pryymeas well as additional
connunlcatlon with the antim crobial conposition in
welgicHignts 40 trdwsca the stebilig) edke ergymat Spme exeanplprysagmercially

deconpose hydrogen peroxide. |Imbilized catal ase may
beavadabde catalase enzymes include Genencor CA-100 and CA-400 as well as

Mitsubishi Gas and Chemical (MGC) ASC super G and ASC super 200.

The invention preferably includes at least one fungal catalase. Preferred
commercially available fungal catalase enzymes include Genencor CA-400 and MGC
ASC super 200.

Hydrogen Peroxide

The composition includes hydrogen peroxide. Hydrogen peroxide, H,Oy,
provides the advantages of having a high ratio of active oxygen because of its low
molecular weight (34.014 g/mole) and being compatible with numerous substances that
can be treated by methods of the invention because it is a weakly acidic, clear, and
colorless liquid.

Another advantage of hydrogen peroxide is that it decomposes into water and
oxygen. It is advantageous to have these decomposition products because they are
generally compatible with substances being treated. For example, the decomposition
products are generally compatible with metallic substance (e.g., substantially
noncorrosive) and compatible with food products (e.g., does not substantially alter the

color, flavor, or nutritional value of a food product). And the decomposition products
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provi des agai nst sudden thermal and pH changes. An
I mmobi | i zed catal ase al so has the advantage of being
able to be renoved fromthe rest of the conposition
easily. An imobilized catal ase may i nclude a sol ubl e
catal ase that is attached to a substrate. Exanples ofs3woun
substrates may include pol yurethane foans,
pol yacryl am de gel s, polyethyl enenal ei ¢ anhydri de
gel s, polystyrenemal ei c anhydride gels, cellul ose,
nitrocel lul ose, silastic resins, porous glass,
MagL Q%an nl%cﬁ&?s td %Q?Jeﬂ&?g nt@t F3h lﬂgﬁﬁg§andaa9$ é%fi‘lf’?ﬁglentally
clay zeolite al um na, |ca I cate and ot

ﬁnlc and organlc substrates The enzyne may be

&d to the substrate in various way's

i ncl udi ng2353W0OU2 carrier. cova
cr osel | ABTRE By gt g nctis b g
entrappi ng.. Conmrerci al |l y avai |l abl e catal ases ar
avanuR pféeqtlﬁe fqrqlgﬁnbtalgmg tg«b?c&lg,htawpé twgarnnascarboxyhc acid, hydrogen
Commercially avail abl e catal ase includes both the
acharerade ppd arecragidwdh¢ argeuns @bihydrogral peraxgdeshipald gt ¢xgeed an
enhance the stability of the enzyne. Some exenpl ary
c ommemc ihal Wyuld wdvdrady dfaathalaagmicertialresviiyndlawderposition of the
Genencor CA-100 and CA-400 as well as M tsubishi Gas
aniglv&dtien) Mate oI orAySSSitidi o€ theGn i oABEEf S 1 e LotflBs hydrogen

peroxide at a concentration as close to zero as possible. That is, the concentration of
hydrogen peroxide is minimized, particularly through the use of the selected catalase
enzymes.

One advantage of minimizing the concentration of hydrogen peroxide is that
antimicrobial activity of a composition of the invention is improved as compared to
conventional compositions. Also it increases the run time when peracid compositions
are used in aseptic packaging operations because the composition needs to be drained
and refreshed less often.

Hydrogen peroxide can typically be present in a use solution in an amount of up
to about 2500 ppm, preferably between about 3 ppm and about 1850 ppm, and more
preferably between about 6 ppm and about 1250 ppm.

Carboxylic Acid

A composition of the invention also includes a carboxylic acid. A carboxylic

acid includes any compound of the formula R--(COOH)n in which R can be hydrogen,
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super 200. Hydrogen Peroxi de The conposition includes

hydr ogen peroxi de. Hydrogen peroxide, H20 , provides

t he advantages of having a high ratio of active oxygen
because of its | ow nol ecul ar weight (34.014 g/ nole)

and being conpatible with nunmerous substances that §§ﬂﬂVOU2
be treated by nethods of the invention because it is

weakly acidic, clear, and colorless |liquid. Another

advant age of hydrogen peroxide is that it deconposes

into water and oxygen. It is advantageous to have

geng}ﬁaﬁfygmﬁ%&lb u {rMQ? E‘B Ogsﬁadll%gtet&? eroﬁ% and dy is 1, 2, or 3.

corrpat | St ances

olgrelzee a%ﬁ)i{ mch%c{:'?s m\éc? r}rlpolil uBr @k@nggd?gt s are generally

substa |aII Y npor S|ve nd co bIe

pr oduct “ﬁ Tk olé‘§ o %‘%ﬂﬁ?‘f SH?IFQ‘F’Fé S%{vﬁa@ﬁ”ai E]éam%ydmcarbon
col or, fIavor or nutritional value of a fo

pr%@&aymgmﬂn kol DesBeRsent iseeh ¢5r Y GE%@%@WZG%YI propyl,
general |y innocuous to incidental contact wth humans
andoppry] & hdethyhatisit, @pqyy tgrg-petsing 1y1 -dimethylethyl), and the like.

The term "alkenyl" includes an unsaturated aliphatic hydrocarbon chain having
from 2 to 12 carbon atoms, such as, for example, ethenyl, 1-propenyl, 2-propenyl, 1-
butenyl, 2-methyl-1-propenyl, and the like.

The above alkyl or alkenyl can be terminally substituted with a heteroatom, such
as, for example, a nitrogen, sulfur, or oxygen atom, forming an aminoalkyl, oxyalkyl, or
thioalkyl, for example, aminomethyl, thioethyl, oxypropyl, and the like. Similarly, the
above alkyl or alkenyl can be interrupted in the chain by a heteroatom forming an
alkylaminoalkyl, alkylthioalkyl, or alkoxyalkyl, for example, methylaminoethyl,
ethylthiopropyl, methoxymethyl, and the like.

The term "alicyclic” includes any cyclic hydrocarbyl containing from 3 to 8
carbon atoms. Examples of suitable alicyclic groups include cyclopropanyl,
cyclobutanyl, cyclopentanyl, etc.

The term "heterocyclic" includes any cyclic hydrocarbyl containing from 3 to 8
carbon atoms that is interrupted by a heteroatom, such as, for example, a nitrogen,
sulfur, or oxygen atom. Examples of suitable heterocyclic groups include groups
derived form tetrahydrofurans, furans, thiophenes, pyrrolidines, piperidines, pyridines,

pyrrols, picoline, coumaline, etc.
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hydr ogen peroxi de, and a peracid. The anmount of

hydr ogen peroxi de shoul d not exceed an anmpunt that

woul d adversely affect the antimcrobial activity of a
conposition of the invention. Mreover, a conposition

of the invention preferably contains hydrogen per oxhe&swoun
at a concentration as close to zero as possible. That

is, the concentration of hydrogen peroxide is

nininized, particularly through the use of the

sel ected catal ase enzynes. One advantage of mnim zing

t he. C_Oﬂ&ﬁgllt’ g]?&?gﬁl@?clmﬁé e&hdﬁi%[e?&lygﬁc él%}llgsh,%h be unsubstituted or

antimcro ty Oor a conposition
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I'ncreas
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and, refreshed | ess often. Hydrogen peroxide ca
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up to about 2500 p m preferably between about 3 ppm
amdkdbiealie, nitg5e YHAYY gebexpselpbe, albmyoqpb@%éhom@hodlment

6 ppm and about 1250 ppm Carboxylic Acid
R includes alkyl substituted with hydroxy.

The term "aryl" includes aromatic hydrocarbyl, including fused aromatic rings,
such as, for example, phenyl and naphthyl.

The term "heteroaryl” includes heterocyclic aromatic derivatives having at least
one heteroatom such as, for example, nitrogen, oxygen, phosphorus, or sulfur, and
includes, for example, furyl, pyrrolyl, thienyl, oxazolyl, pyridyl, imidazolyl, thiazolyl,
isoxazolyl, pyrazolyl, isothiazolyl, etc.

The term "heteroaryl” also includes fused rings in which at least one ring is
aromatic, such as, for example, indolyl, purinyl, benzofuryl, etc.

Aryl and heteroaryl groups can be unsubstituted or substituted on the ring by, for
example, aryl, heteroaryl, alkyl, alkenyl, alkoxy, amino, carboxy, halo, nitro, cyano, --
SO;H, phosphono, or hydroxy. When aryl, aralkyl, or heteroaryl is substituted,
preferably the substitution is C;.4 alkyl, halo, nitro, amido, hydroxy, carboxy, sulpho, or
phosphono. In one embodiment, R includes aryl substituted with C;.4 alkyl.

Examples of suitable carboxylic acids include a variety monocarboxylic acids,

dicarboxylic acids, and tricarboxylic acids.

10
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hydr ogen, 2353W0U2 al kyl, al kenyl, alicyclic group,

aryl, heteroaryl, or heterocylic group, and nis 1, 2,

or 3. Preferably R includes hydrogen, alkyl, or

al kenyl. The term "al kyl" includes a straight or

branched saturated aliphatic hydrocarbon chain havi Bgs3worn2
from1l to 12 carbon atonms, such as, for exanple,

nmet hyl , ethyl, propyl, |sopropyl (1 nmet hyl et hyl ),

but yl, tert-butyl (1,1-dinethy|ethy|), and the liKke.

The term "al kenyl " includes an unsaturated aliphatic
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and the |ike. The

1- l., 2- p
abaoc\ll é a ﬁm a01d %einEenlclacga%e an01 él(};l% K gf 01¢ amg ?ct%notlc %cld

wth a. het tom s ch. as, antr
sul T 8 &%}ﬂ]@w aefb i apeit e &ﬁﬂ%ws ariypy e TR, i
yal kyl, or thloalky for exanE am nonet hyl ,
h%cefhﬁﬂw ic agidhgreeiylpricylin geidpmandelie aidisls- | ar |y, ~ t he
above al kyl or al kenyl can be interrupted in the chain
by a hdPiepbaxydinatls irictiglealor exauynle piliperadcidy ffumaric acid, glutaric acid,
al kyl t hi oal kyl, or al koxyal kyl, for exanple,
nemmykanwnﬂetmyhmkhnhybnﬁﬂo@nmpykkLﬁ@thoxynethyl, and
the like. The term"alicyclic" includes any cyclic
hydr ocarrhytbog olivt @iidsi ingude, 6meRarhple Scitric acid, trimellitic acid, isocitric
acid, agaicic acid, etc.
A carboxylic acid suitable for use in a composition of the invention can be
selected for its solubility, cost, approval as food additive, odor, purity, etc.
A particularly useful carboxylic acid for a composition of the invention includes
a carboxylic acid that is water soluble such as formic acid, acetic acid, propionic acid,
butanoic acid, lactic acid, glycolic acid, citric acid, mandelic acid, glutaric acid, maleic
acid, malic acid, adipic acid, succinic acid, tartaric acid, etc. These carboxylic acids can
also be useful because water-soluble carboxylic acids can be food additives such as
formic acid, acetic acid, lactic acid, citric acid, tartaric acid, etc.
Preferably a composition of the invention includes acetic acid, octanoic acid, or
propionic acid, lactic acid, heptanoic acid, octanoic acid, or nonanoic acid.
A composition of the invention can include a carboxylic acid in an amount that

can be effectively removed from the inside and outside of a package in an aseptic filler

during the rinsing step of the aseptic packaging process. A carboxylic acid can
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carbon atons. Exanples of suitable alicyclic groups
i ncl ude cycl opropanyl, cycl obutanyl, cyclopentanyl,

W@e@9/1740¢9 t erm "het erocyclic" includes any cycP¢TIB2009/051610
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hydr ocar byl containing from3 to 8 carbon atons that

is interrupted by a heteroatom such as, for exanple,

a nitrogen, sulfur, or oxygen atom Exanples of

sui tabl e heterocyclic groups include groups derived
formtetrahydrofurans, furans, thiophenes, 2353WOU2
pyrrolidines, piperidines, pyridines, pyrrols,

pi col i ne, coumaline, etc.2353W0U2 Al kyl, al kenyl,

alicyclic groups, and heterocyclic groups can be
unsubstituted or substituted by, for exanple, aryl,

hﬁgﬁrﬁ e Rf oA esg;lt' fh o q{sg ¥J)lut1(gﬂjn%n%h{6ﬁﬂtyllsss e Abe@? ?gﬁgx gﬁege,rably less

carb oxy, nltro cyano, -SO3

oL S50 AL LSRR 8 0,

erocyc rou rably the
stitution is Ci_4 al kyl , hal o, nltro am do,
h;§¥3¥9, car boxy, sul pho, or phosphono. In one
enbodi nent, R.includes al kyl substjtuted with hydroxy.
The t errCempqsition;gf éhleuaé@tlgp glsaincdidsy aperagifhdy |peracid is also known
i ncluding fused aromatic rings, such as, for exanple,
phiarild arbirch pragisedrylic aqiphe Iteé@wmﬁanérad@my@arbwhe deid.
het erocyclic aromati c derivatives having at | east one
het er oah pemasiddtrlalss afiyoeonepeang bethe fiormubgRn(CORPHenin which R can
phosphorus, or sulfur, and
be hydrogen, alkyl, alkenyl, alicyclic group, aryl, heteroaryl, or heterocyclic group, and
nis 1, 2, or 3. Preferably R includes hydrogen, alkyl, or alkenyl.

The terms "alkyl," "alkenyl," "alicyclic group,” "aryl," "heteroaryl," and
"heterocyclic group” are as defined above.

Peracids used in this invention include any peroxycarboxylic acid that can be
prepared from the acid-catalyzed equilibrium reaction between a carboxylic acid
described above and hydrogen peroxide described above. Preferably a composition of
the invention includes peroxyacetic acid, peroxyoctanoic acid, or peroxypropionic acid,
peroxylactic acid, peroxyheptanoic acid, peroxyoctanoic acid, or peroxynonanoic acid.

A peroxycarboxylic acid can also be prepared by the auto-oxidation of
aldehydes or by the reaction of hydrogen peroxide with an acid chloride, acid hydride,
carboxylic acid anhydride, or sodium alcoholate.

In some embodiments, a peroxycarboxylic acid includes at least one water-

soluble peroxycarboxylic acid in which R includes alkyl of 1-4 carbon atoms. For

example, in one embodiment, a peroxycarboxylic acid includes peroxyacetic acid. In
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i ncludes, for exanple, furyl, pyrrolyl, thienyl,
oxazol yl, pyridyl, imdazolyl, thiazolyl, isoxazolyl,

w@009/4280y9 , i sot hiazolyl, etc. The term "het er BEF¥/1B2009/051610
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al so includes fused rings in which at |east one ring

is aromatic, such as, for exanple, indolyl, purinyl,
benzofuryl, etc. Aryl and heteroaryl groups can be
unsubstituted or substituted on the ring by, for

exanpl e, aryl, heteroaryl, alkyl, alkenyl, alkoxy,

am no, carboxy, halo, nitro, cyano, - SO3H, phospho%%$“VOU2
or hydroxy. Wen aryl, aralkyl, or heteroaryl is
substituted, preferably the substitution is Cl-4

al kyl, halo, nitro, am do, hydroxy, carboxy, sul pho,

0L RIRPBRBRAmC M BBLRIRRAL BRI ni K (L HAF G414 carbon atoms

substitute Exanpl es of sul

car lic.acids include a variety nonocarboxylic
aaw§§§%8?8g$§1§§ﬁyc acids, and tricarboxylic

acids.é&%ﬁﬁ?u% Monacar box Iif acj ds includs, fgr.u. the art

exanpl & PRI PTREBE PHEBIACEI GG SPOPRION el il in the ar

but angi ¢ aci d, pent.anoic acid2 hexanoi ¢ aci. d, )

helpeladige those figclotseiahoy-d’2h Y 2-8adf dhoThichyig iRFornpeieehisirgin by

aci d, undecanoi ¢ acid, dodecanoic acid, glycolic acid,

| atletarencaci d, salicylic acid, acetylsalicylic acid,

mandel i ¢ acid, etc. Dicarboxylic acids include, for

exanpl €)neadivpitegeadiuding faypernxy carbeiytic agh i ahich Ramiclddes alkyl of 1-

mal ei ¢ acid, succinic acid, malic acid, tartaric acid,

et£carbon atoms is that such peroxycarboxylic acids traditionally have a lower pKa than
peroxycarboxylic acids having R that is alkyl with more than 4 carbon atoms. This
lower pKa can favor a faster rate of peroxycarboxylic acid equilibrium and can be
effective for providing a composition of the invention with, for example, acidic pH,
which can be advantageous for improved lime-scale and/or soil removal.

In other embodiments, a peroxycarboxylic acid includes at least one
peroxycarboxylic acid of limited water solubility in which R includes alkyl of 5-12
carbon atoms and at least one water-soluble peroxycarboxylic acid in which R includes
alkyl of 1-4 carbon atoms. For example, in one embodiment, a peroxycarboxylic acid
includes peroxyacetic acid and at least one other peroxycarboxylic acid such as those
named above. Preferably a composition of the invention includes peroxyacetic acid and
peroxyoctanoic acid.

One advantage of combining a water-soluble carboxylic acid or
peroxycarboxylic acid with a carboxylic acid or peroxycarboxylic acid having limited

water solubility is that the water-soluble carboxylic acid or peroxycarboxylic acid can

provide a hydrotropic effect upon less water soluble carboxylic and peroxycarboxylic

13



Tri carboxylic acids include, for exanple, citric acid,
trinmellitic acid, isocitric acid, agaicic acid, etc. A

W@ 2000028pkd c aci d suitable for use in a conposik¢DB20§9/051610
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the invention can be selected for its solubility,

cost, approval as food additive, odor, purity, etc. A
particularly useful carboxylic acid for a conposition
of the invention includes a carboxylic acid that is

wat er sol ubl e such as formc acid, acetic acid, 2353WOU2
propi onic acid, butanoic acid, lactic acid, glycolic
acid, citric acid, mandelic acid, glutaric acid,

mal ei ¢ acid, malic acid, adipic acid, succinic acid,
tartaric acid, etc. These carboxylic acids can al so be
us | . a i i o

o T D e R R L R FENE R ity
l acti.c .aci d %hgric acid, tartaric acid, etc.

Pf%j%Pg%T§mgmcon%osition of the invention includes

acetic acid, qoctanoic¢ acid, .or. propionic acid, lactic

2ci d, MO LR o i ompipioR of ReroRYe AR MR gt it can
A conposition_ of the inventign can include a o
cafTBYLY P FEMBRNIEPT ¢f AninyerbiGA tVithiepirabiantignigpiabaqtiyRy yp the
renmoved fromthe inside and outside of a package in an
aslrpicnee ¢filighepreanie peiblogdfe rinsing step of the aseptic
packagi ng process. A carboxylic acid can2353W0OU2

t ypi calA yobposgramsd tite innerdionsen soludt i perokycagmwxghoamd, or mixtures
| ess than 40000 ppm, preferably [ ess than 30000 ppm
antenaof, & pr eh@mabifsctive &8 thdaerilZO0@Dofatkerial and fungal spores of

public health and spoilage significance on the inside and outside surfaces of a food
package in an aseptic filler as well as within the enclosure of the filler itself. A
peroxycarboxylic acid can typically be present in this composition in an amount of
between about 500 ppm and about 6000 ppm, preferably between about 1000 ppm and
5000 ppm, and more preferably between about 1500 ppm and about 4000 ppm.

Additional Optional Materials

The composition can optionally include additional ingredients to enhance the
composition including stabilizing agents, hydrotropes, surfactants, defoamers, corrosion
inhibitors, rheology modifiers, dyes, and fragrances.

Stabilizing Agents

The composition may optionally include stabilizing agents to stabilize the
peracid and hydrogen peroxide and prevent the premature oxidation of this constituent
within the composition.

Chelating agents or sequestrants generally useful as stabilizing agents in the

present compositions include phosphonic acid and phosphonates, phosphates,
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Peracid A conposition of the invention also includes a
peracid. A peracid is also known in the art as a

w@eeeardoexyl i c acid, a peroxyacid, and a PCT/IB2009/051610
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per oxycar boxylic acid. A peracid includes any conmpound

of the formula R-(COOOH) n in which R can be hydrogen,

al kyl, alkenyl, alicyclic group, aryl, heteroaryl, or

het erocyclic group, and nis 1, 2, or 3. Preferably R

i ncl udes hydrogen, alkyl, or alkenyl. The terns 2353WOU2
"al kyl ," "al kenyl," "alicyclic group," "aryl,k"

"heteroaryl,"” and "heterocyclic group"” are as defined
above. Peracids used in this invention include any

per oxycar boxylic acid that can be prepared fromthe

aCinSaLAbYER Al Eg%mg%ggg&pg%hgg%r B Ldiamine and

carboxylic acid descri n peroxi de

.dee%gﬂl nbe?r(ijarr%gg &1 aﬁ\rleesf E}gcﬁlgl( cit s,Ca(r)l %21'02 Idgnan%ftri! rzlqu:)ox?flates and
I NV Ion I ncludes péroxyaceti’c aci d, 'petroxyoctanof c

acid, or peroxypropjqnic acid, peroxylactic acid, .

etk rass DRIy Qb EheTfipS s i e proTagf Sates and thei

per oxynonanaoi ¢ acid, A peroxycarhoxylic_ acid can al so.

bedepivaibes e pyixiuprs thaiedf- dxiaaplgsoh apinogpigerygesingludggmino

the reaction of hydrogen peroxide wth an acid

c hicetajed @nd gpdtis shogadir Sud@ble @ayimpiophaes ip@did$: Bnhydri de, or

sodi um al cohol ate. In some enbodi nents, a

penpixyyathpxyhaddiacaidd atid;mylwdpsghytnddemsbetetrmcetic acid;

wat er sol ubl e
nitrilotriacetic acid (NTA); ethylenediaminetetraacetic acid (EDTA); N-hydroxyethyl-
ethylenediaminetriacetic acid (HEDTA); tetrasodium ethylenediaminetetraacetic acid
(EDTA); diethylenetriaminepentaacetic acid (DTPA); and alanine-N,N-diacetic acid; n-
hydroxyethyliminodiacetic acid; and the like; their alkali metal salts; and mixtures
thereof. Suitable aminophosphates include nitrilotrismethylene phosphates and other
aminophosphates with alkyl or alkaline groups with less than 8 carbon atoms.
Exemplary polycarboxylates iminodisuccinic acids (IDS), sodium polyacrylates, citric
acid, gluconic acid, oxalic acid, salts thereof, mixtures thereof, and the like. Additional
polycarboxylates include citric or citrate-type chelating agents, polymeric
polycarboxylate, and acrylic or polyacrylic acid-type chelating agents. Additional
chelating agents include polyaspartic acid or co-condensates of aspartic acid with other
amino acids, C4-Cys-mono-or-dicarboxylic acids and C4-Cys-mono-or-diamines.
Exemplary polymeric polycarboxylates include polyacrylic acid, maleic/olefin
copolymer, acrylic/maleic copolymer, polymethacrylic acid, acrylic acid-methacrylic

acid copolymers, hydrolyzed polyacrylamide, hydrolyzed polymethacrylamide,

hydrolyzed polyamide-methacrylamide copolymers, hydrolyzed polyacrylonitrile,
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per oxycarboxylic acid in which R includes al kyl of 1-4
carbon atons. For exanple, in one enbodinent, a

WQeronsedy boxyl i c acid includes peroxyacetic ar¢TIB2009/051610

10

15

I n2353W0U2 anot her enbodi ment, a peroxycarboxylic acid
has R that is an al kyl of 1-4 carbon atons substituted
wi th hydroxy. Methods of preparing peroxyacetic acid
are known to those of skill in the art including those
d| sclosed in U S . Pat. No. 2, 833, 813, which is 2353WOU2
i ncorporated herein by reference. One advantage of
usi ng a peroxycarboxylic acid in which R includes
al kyl of 1- 4 carbon atoms is that such
per oxycarboxylic acids traditionally have a | ower pKa
¢ L , . ‘ . :
R LB e h ol R By M o Rt
fq&prlae£§g&§&kﬁgge of peroxycarboxylic acid
eunPW Fium and can be effective for providing a
conposi.tion of the invention with, for exanple, acidjc
oht " ani g Dl nseetial AR Bopoure ror igrb e ppir- Banehsin s we
and/ or soil removal. In other enbodinents, a
pefe ol yRAPHHA (@ 2Beytd Wind. arrbEomabpy Ak togihaut 1.5 wi. %.
per oxycarboxylic acid of limted water solubility in
whilgdioRopeacl udes al kyl of 5-12 carbon atons and at
| east one water-sol ubl e peroxycarboxylic acid in which
R i ncl ukresoalpksiliomayg odtiqalp owlut ey drofope exughgp besolitilizer.
one enbodi nent, a peroxycarboxylic acid
Such materials can be used to ensure that the composition remains phase stable and in a

single highly active aqueous form. Such hydrotrope solubilizers or couplers can be
used at concentrations that maintain phase stability but do not result in unwanted
compositional interaction.

Representative classes of hydrotrope solubilizers or coupling agents include an
anionic surfactant such as an alkyl sulfate, an alkyl or alkane sulfonate, a linear alkyl
benzene or naphthalene sulfonate, a secondary alkane sulfonate, alkyl ether sulfate or
sulfonate, an alkyl phosphate or phosphonate, dialkyl sulfosuccinic acid ester, sugar
esters (e.g., sorbitan esters) and a Cs-1o alkyl glucoside.

Coupling agents can also include n-octane sulfonate, aromatic sulfonates such as
an alkyl aryl sulfonate (e.g., sodium xylene sulfonate or naphthalene sulfonate), and
alkylated diphenyl oxide disulfonic acids, such as those sold under the DOWFAX™

trade name, preferably the acid forms of these hydrotropes.
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I ncl udes peroxyacetic acid and at |east one other
per oxycar boxylic acid such as those naned above.

woe@barsld y a conposition of the invention i ncP@EEER009/051610
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per oxyacetic acid and peroxyoctanoic acid. One

advant age of conbining a water-sol uble carboxylic acid

or peroxycarboxylic acid with a carboxylic acid or

per oxycarboxylic acid having limted water solubility

is that the water-sol uble carboxylic acid or 2353WOU2
per oxycar boxylic acid can provide a hydrotropic effect

upon | ess water sol uble carboxylic and

per oxycar boxyl i c2353W0U2 acids, which can facilitate

uni f orm di sper si on and/ or consequent physi ca

st abi | Iltr%| C\%getﬁhgtlg{@ hgr oxy ﬁf& L QEek 13@6%3%%@%1?2@15’ ranges

this c nati on oxylc aCI IS

L RY t%el .58 6S\x|/t! ferabi}i om ag?LﬁtZI oot 1§ wit- Z@ most

desiTabl'e antlnlcrobla presence

hi 0|I np03|t|on of t he

'd%@ﬁf ghp @Héﬁﬁ@ Olﬁlagflgp‘ycarboxylic acid, or

m xtures thereof in an anmount effective for the

st¥tfactaslst j on of bacterial and fungal spores of public

heal th and spoi |l age significance on the inside and

out si delhsiwompesigomay optywdllp tnckidge spaciant as@pitise of surfactants.

filler as well as within the enclosure of the filler

i t'Blel surfatagenayxipdaddonydi¢, aoaiond, caionicypidoaliltsridng surfactants,

present in this conposition in an anount of
which are commercially available, and mixtures thereof. In an embodiment, the
surfactant includes a nonionic or anionic surfactant. For a discussion of surfactants, see
Kirk-Othmer, Encyclopedia of Chemical Technology, Third Edition, volume 8, pages
900-912.

Nonionic surfactants can include those having a polyalkylene oxide polymer as

a portion of the surfactant molecule. These surfactants can be capped or uncapped. Such
nonionic surfactants include, for example, chlorine-, benzyl-, methyl-, ethyl-, propyl-,
butyl-and other like alkyl-capped polyethylene glycol ethers of fatty alcohols;
polyalkylene oxide free nonionics such as alkyl polyglycosides; sorbitan and sucrose
esters and their ethoxylates; alkoxylated ethylene diamine; alcohol alkoxylates such as
alcohol ethoxylate propoxylates, alcohol propoxylates, alcohol propoxylate ethoxylate
propoxylates, alcohol ethoxylate butoxylates, fatty alcohol ethoxylates (e.g., tridecyl
alcohol alkoxylate, ethylene oxide adduct), and the like; nonylphenol ethoxylate,
polyoxyethylene glycol ethers, and the like; carboxylic acid esters such as glycerol

esters, polyoxyethylene esters, ethoxylated and glycol esters of fatty acids, and the like;

carboxylic amides such as diethanolamine condensates, monoalkanolamine
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bet ween about 500 ppm and about 6000 ppm preferably
bet ween about 1000 ppm and 5000 ppm and nore

weew@barsald y bet ween about 1500 ppm and about 4BODIBR2P69/051610
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Addi tional Optional Materials The conposition can
optionally include additional ingredients to enhance

the conposition including stabilizing agents,

hydr ot ropes, surfactants, defoaners, corrosion

i nhibitors, rheology nodifiers, dyes, and fragrancesssswoun
Stabilizing Agents The conposition may optionally

i nclude stabilizing agents to stabilize the peracid

and hydrogen peroxi de and prevent the premature

oxi dation of this constituent within the conposition.

Chc%ln_ ds%s,%@%&%ﬁetﬂle&%lﬁ%§&& QIGId%S,glﬁ@ %e%lée%%ﬂﬂﬁ%ﬁﬁllkﬁg oxide

stabili1zin tsint present conposi ons 1n e

R RN T N AL L

e L Ty g b P A A RO G S AR ¥ ot and

tri-carboxylates and their correspondi ng acids. O her

cHaf Hk§: wihoxylatet amings apd ethp %%?So%é%{?@ﬁy ayiaplg djom Tomah
derivatives, and m xtures thereof. Exanples of

anf proeatposid eherdike nenigaie campaendacetienne sukgngngadueck as the ABIL
thereof. Suitable am no acetates include:

Nhly s 38X ¢ietdsghnaidi) cadalac bt vsed.

The nonionic surfactant can include linear and secondary alcohol ethoxylates
(fatty alcohol ethoxylates, e.g., tridecyl alcohol alkoxylate, ethylene oxide adduct), alkyl
phenol ethoxylates, ethoxy/propoxy block surfactants, and the like. Examples of
preferred linear and secondary alcohol ethoxylates (fatty alcohol ethoxylates, e.g.,
tridecyl alcohol alkoxylate, ethylene oxide adduct) include five mole ethoxylate of
linear, primary 12-14 carbon number alcohol (Ciy.14Hzs.29)--O--(CH,CH,0)s H (one of
which is sold under the tradename LAE 24-5), seven mole ethoxylate of linear, primary
12-14 carbon number alcohol (Ci5.14H35.29)--O--(CH,CH,O)7 H (one of which is sold
under the tradename LLAE 24-7), twelve mole ethoxylate of linear, primary 12-14
carbon number alcohol (Ciz.14H25.29)--O--(CH>,CH,0)1, H (one of which is sold under
the tradename LLAE 24-12), and the like.

Anionic surfactants can include, for example, carboxylates such as
alkylcarboxylates (carboxylic acid salts) and polyalkoxycarboxylates, alcohol
ethoxylate carboxylates, nonylphenol ethoxylate carboxylates, and the like; sulfonates
such as alkylsulfonates, alkylbenzenesulfonates (e.g., linear dodecyl benzene sulfonic

acid or salts thereof), alkylarylsulfonates, sulfonated fatty acid esters, and the like;
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aci d; hydroxyet hyl enedi am net etraacetic acid;
nitrilotriacetic acid (NTA);

w@elvyiizaoedi am net etraacetic acid (EDTA); PCT/IB2009/051610
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N- hydr oxyet hyl et hyl enedi am netri acetic acid (HEDTA);
tetrasodi um et hyl enedi am netetraacetic acid (EDTA);

di et hyl enetri am nepent aacetic acid (DTPA); and

al ani ne-N, N-di acetic aci d; nhydroxyethylim nodi acetic

acid; and the like; their alkali metal salts; and s353w0uU2
m xtures thereof. Suitable am nophosphates include
nitrilotrismethyl ene phosphates and ot her

am nophosphates with al kyl or al kaline groups with

| ess than 8 carbon atons. Exenplary polycarboxylates

' ngu'ﬁggé %ﬁ:lgl's Qﬁlfat&ﬂhg&lofs g%batedsa?é%!hwgtm %dlﬁte@salkylphenols

citric aci uconi ¢ acl oxalic aCI
t hqf; gg‘{‘l ates ugftégeus?gln%teer %éffleth T Su fategsre ar|(1: @e 11%<AddI ospﬁate esters

32%%';9 e Ew%% Pl pyr oo %%O%af@aox 4%6%52 H}?%the lke.

Addi tional chel ating agents_ include polyaspartic acid
or Presried ﬁ‘él‘é%%ﬁnégl%FOdé‘éfﬁé}lﬁyiaéylé‘EfQH‘a% iy lbeeresalienas (e-g-
aci ds, CA4-C25-nono-or-dicarboxylic acids and

CAlineasdadseyd benzes s anessacidesresadty @espol oingrig fike.

pol ycar boxyl at es i ncl ude pol yacrylic acid,

mal ei c/Sirkefd activo pdisiamess, aracnssified/agaht@ing: icﬁdpa‘lhynge on the
pol ynet hacrylic acid, acrylic acid-nethacrylic acid

c op@kypime fesportiyndsfahe/@erdcyde isymsitiyt afurdetank yiel vaicyi ziechydrophile
pol ynmet hacryl am de, hydrol yzed

polaydeindehimt hﬁl‘éﬁs%h@EHd@loWéM' YFB LS neulhBiyQr Y@@, but which are
pol yacrylonitril e, 2353W0OU2
then cationic (e.g. alkyl amines), are also included in this group.

Cationic surfactants can include compounds containing at least one long carbon
chain hydrophobic group and at least one positively charged nitrogen. The long carbon
chain group may be attached directly to the nitrogen atom by simple substitution; or
indirectly by a bridging functional group or groups in so-called interrupted alkylamines
and amido amines. Such functional groups can make the molecule more hydrophilic
and/or more water dispersible, more easily water solubilized by co-surfactant mixtures,
and/or water soluble. For increased water solubility, additional primary, secondary or
tertiary amino groups can be introduced or the amino nitrogen can be quaternized with
low molecular weight alkyl groups. Further, the nitrogen can be a part of branched or
straight chain moiety of varying degrees of unsaturation or of a saturated or unsaturated

heterocyclic ring. In addition, cationic surfactants may contain complex linkages having

more than one cationic nitrogen atom.
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hydr ol yzed pol ynet hacrylonitrile, hydrolyzed
acrylonitrile-nethacrylonitrile copolyners, and the

WO 200e/128Die chel ati ng agent may be present in aPCEMB2000051610
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fromabout 0.01 to about 5 wt. % fromabout 0.05 to

about 3 wt. % and fromabout 0.1 to about 1.5 wt. %
Hydr ot ropes The conposition may optionally include a
hydr ot rope coupler or solubilizer. Such materials can

be used to ensure that the conposition remains phasgisswoun
stable and in a single highly active aqueous form

Such hydrotrope solubilizers or couplers can be used

at concentrations that maintain phase stability but do

not result in unwanted conpositional interaction.

Repr es efaiidfic Gl AR RGSCAindNA LIL8RErs hHBblun? Sifoc @b, such as
coupling agents I an anionic su tant such

aqaﬁg %u?sulfate an_al re Ikaq sulfona

| i oW ﬁrnﬁrybaérhrleoenﬁlém SH ncélanH SHeli ds ) alSIO\iV ronhnetetthdxgl%te quaternary

secondar alkane ulfona %f Eaulfaae or

suPBAAENR coTROuk Pr pHoY ﬁtt "‘“EJ‘H%S‘BH Yt gua ‘afflaﬁwrmomum

sul f osucci ni ¢ aci d ester, sugar esters sorbit

esEOTInd;crp igclide ¢ gualgrpay n{ﬂ%&% Bngled Loy %FHthoa@@ﬁﬁ%ow moiety,

can al so include n-octane sul fonate, aromatic

s dgwactwxglaeinaeetiosnlly qtlwxy&t@ymoz@uﬁ& @nanaudecdd- i) ethoxylate

sodi um xyl ene sul fonate or napht hal ene sul fonate), and
groups. In an embodiment, the present composition can include about 1 to about 10 wt-
% or about 5 wt-% of such a cationic surfactant.

The surfactant compounds classified as amine oxides, amphoterics and
zwitterions are themselves typically cationic in near neutral to acidic pH solutions and
can overlap surfactant classifications. Polyoxyethylated cationic surfactants generally
behave like nonionic surfactants in alkaline solution and like cationic surfactants in
acidic solution.

The majority of large volume commercial cationic surfactants can be subdivided
into four major classes and additional sub-groups, for example, as described in
"Surfactant Encyclopedia”, Cosmetics & Toiletries, Vol. 104 (2) 86-96 (1989). The first
class includes alkylamines and their salts. The second class includes alkyl imidazolines.
The third class includes ethoxylated amines. The fourth class includes quaternaries,
such as alkylbenzyldimethylammonium salts, alkyl benzene salts, heterocyclic
ammonium salts, dialkylammonium salts, and the like. Cationic surfactants are known
to have a variety of properties that can be beneficial in the present compositions. These

desirable properties can include detergency, antimicrobial efficacy, and the like.

Defoamers
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al kyl at ed di phenyl oxide disul fonic acids, such as
t hose sold under the DONFAX(tn) trade nanme, preferably
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concentration of hydrotrope useful in the present
i nvention generally ranges fromabout 0.1 to about 20
-% preferably fromabout 2 to about 18 wt-% nost
preferably fromabout 3 to about 15 w-% Surfactants
The conposition may optionally include a surfactant 93w
m xture of surfactants. The surfactant may include
ani onic, nonionic, cationic, and zwitterionic
surfactants, which are connercially avai |l abl e, and
m xtures thereof. In an enbodi nent, the surfactant

i ncl Udeﬁjeaco Bélg ﬁlagﬁ t?(ﬂfaﬁ e U3 rdgfi')gitnh@ﬂt Geﬂ:e%llyadefoamers can

di scussion o see Kirk

Encglﬁheo §F9al ﬂld%gllcglé%m@@atl Tec sn(g)rlecs)t%% al (I;]lllorls s%lﬁ%tésl or sulfonates
0 oni C surracta

LS%#%%@%%%%@V' Pl PPt iuhas noveeBoBRRerae

can be capped or uncapped. Such nonignic surfactants
i nteigRle oflyrwasgsn myneral qilsiag meHas thegengied derﬁ@flﬁsﬁb and phosphates
ethyl -, propyl-, butyl-and other |ike alkyl - B
pm@@ﬂlhwheﬁ@@stgrsw@dr asetlpd agd @kahr@tdlghoapl@m@omgi tributyl phosphates
pol yal kyl ene oxi de free noni oni cs such as al kyl
podmyglgyatinss: ded migorehiltcasvf.and sucrose
Food grade defoamers are preferred. To this end, one of the more effective antifoaming
agents includes silicones. Silicones such as dimethyl silicone, glycol polysiloxane,
methylphenol polysiloxane, trialkyl or tetralkyl silanes, hydrophobic silica defoamers
and mixtures thereof can all be used in defoaming applications. Commercial defoamers
commonly available include silicones such as Ardefoam® from Armour Industrial
Chemical Company which is a silicone bound in an organic emulsion; Foam Kill® or
Kresseo® available from Krusable Chemical Company which are silicone and non-
silicone type defoamers as well as silicone esters; and Anti-Foam A® and DC-200 from
Dow Coming Corporation which are both food grade type silicones among others.
These defoamers can be present at a concentration range from about 0.01 wt-% to 5 wt-
%, preferably from about 0.01 wt-% to 2 wt-%, and most preferably from about 0.01
wt-% to about 1 wt-%.
Corrosion Inhibitors
The composition may optionally include a corrosion inhibitor. Useful corrosion

inhibitors include polycarboxylic acids such as short chain carboxylic diacids, triacids,

as well as phosphate esters and combinations thereof. Useful phosphate esters include
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propoxyl at e et hoxyl at e propoxyl ates, al coho

et hoxyl ate but oxyl ates, fatty al cohol ethoxyl ates

(e.g., tridecyl alcohol al koxylate, ethylene oxide

adduct), and the like; nonyl phenol ethoxyl ate,

pol yoxyet hyl ene gl ycol ethers, and the liKke; 2353WOU2
carboxylic acid esters such as glycerol esters,

pol yoxyet hyl ene esters, ethoxylated and glycol esters

of fatty acids, and the like; carboxylic am des such

as diethanolanine condensat es,

f a1 % aCI %%tﬁ%iﬁ@%ﬁ?ﬁ hé@ Pg(%gﬁﬁé & ers AIK Xcﬁ;)ﬁtépmﬁpﬁgt% esters,

| | udi
S%rlagygargl%%o %96 c dsé 3 (? rr}l%i(tllljrels Hl%fe%P sucil aX %os {D% 236

€ OXI copol yner SUC

commer ci a v abl r th trade

(gl beefte i Ria  Frwisare ?fﬂgwwﬁtﬁfa ua#ﬁ%roawa
et her am.nes commerci ally avail abl e from Tonah
conpbiariiniudetbe Biakdes pighes heprobinzelec Ghpsiarels and
Silicone surfactants such as the ABIL B8852

( Gotigartphrngethiagelp, st gocpebipywns With@hpwhpesessuch as 1-
surfactant can include |inear and secondary al coho

et olxgdyathgBddnE dt t-giphdspbbot agt o pludiasts eich ag olerciadelcy |
al cohol al koxyl ate, ethyl ene oxi de adduct), alkyl

p héierthn ddinhidx yhddcdium eddoaxphgiydpoy prdpydakfoan f adtthnlils,. Useful
and the like. Exanples of preferred |inear and

S eGRidEidh YntahiCROBLIUEE PO YArBE:ESc aéiad fukhak eRABbxylic acids. The acids
et hoxyl ates, e.g.,
which are preferred include adipic, glutaric, succinic, and mixtures thereof. The most
preferred is a mixture of adipic, glutaric and succinic acid, which is a raw material sold
by BASF under the name SOKALAN® DCS.
Rheology Modifiers

A composition may optionally include one or more rheology modifiers.

Water soluble or water dispersible rheology modifiers that are useful can be
classified as inorganic or organic. The organic thickeners can further be divided into
natural and synthetic polymers with the latter still further subdivided into synthetic
natural-based and synthetic petroleum-based.

Inorganic thickeners are generally compounds such as colloidal magnesium
aluminum silicate (VEEGUM®), colloidal clays (Bentonites), or silicas (CAB-O-
SILS®) which have been fumed or precipitated to create particles with large surface to

size ratios. Suitable natural hydrogel thickeners are primarily vegetable derived

exudates. For example, tragacanth, karaya, and acacia gums; and extractives such as
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(one of which is sold under the tradenane LAE 24-5),

seven nol e ethoxylate of linear, primary 12-14 carbon
nunber al cohol (C12-14H25-29)-0 (CH2CH20O ? H (one of

which is sold under the tradename LAE 24-7), twelve

nol e et hoxyl ate of linear, primary 12-14 carbon nu

al cohol (Cl12- 14H25-29)- O(CHZCHZO) 12 H (one of WhnJQﬁQWOU2
is sold under the tradenane LAE 24-12), and the |ike.

Ani oni ¢ surfactants can include, for exanple,

carboxyl ates such as alkylcarboxylates (carboxylic

aC agra 51*?)10&1 R ﬁﬁﬂl X¥ &g é’dtlﬂt grs @lcﬁ Qlfermentatlon
g ony E

at é carboxyfFat e enol oxy

carb Y] ates d the Idi qu es S
al If(ro X uﬁ %g,lolﬁa xanﬂl ngml behﬁgrfécnazlguefl %ﬁfé Se marerlaés are falts of complex

dodec enz e sulfonic acid, or S re
RPN éfyn@ﬁ fie Bfok R MioRatr fogey @P%lcata%ﬂre
t he Ilke 2353W0U2 sul fates such as sul fated al cohal s,

s eiatoagdesiva s Whereil hyice B¥drog vl raRs @ ahgincapanhyz-glucose
al kyl sul fates, sulfosuccinates, alkylether sulfates,
anieplyrhers ha\r@é?ee@ﬁt@erpﬁwgﬁwa&e@ﬁ&m@ as(agrhly g substances, which

al kyl phosphat e esters, ethoxyl ated al cohol phosphate
esdissobve immater hd givk eisccﬁ!ls ebletiorsd T gnics! matetfialsiamcludes the alkyl
sodi um al kyl aryl sul fonat e, al kyl benzenesul f onat es
( ean@.hydidxpilky dbalesy sppafizaematyiteail&e Agidebxgtthgmhdtisylcellulose,
thereof), and the IliKke.
hydroxypropylmethylcellulose, hydroxybutylmethycellulose, hydroxyethylcellulose,
ethylhydroxyethylcellulose, hydroxypropylcellulose, and carboxymethylcellulose.
Synthetic petroleum-based water soluble polymers are prepared by direct
polymerization of suitable monomers of which polyvinylpyrrolidone,
polyvinylmethylether, polyacrylic acid and polymethacrylic acid, polyacrylamide,
polyethylene oxide, and polyethyleneimine are representative.
Dyes and Fragrances
The composition may optionally include various dyes, odorants including
perfumes, and other aesthetic enhancing agents. Preferred dyes include FD&C dyes,

D&C dyes, and the like.

Use in Aseptic Packaging

Aseptic packaging fillers can be broken down into two basic categories: a single
use filler and a re-use or recirculating filler.
The single use system makes a dilute stock solution of peracid. It sprays a small

amount of this solution in the inside of a package to sterilize it. The solution can be
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Surface active substances are classified as cationic
if the charge on the hydrophilic portion of the
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hydrophile carries no charge unless the pHis | owered
close to neutrality or |lower, but which are then

cationic (e.g. alkyl amnes), are also included in
this group. Cationic surfactants can include conmpounds
contai ning at |east one |ong carbon chain hydrophobhgsswoun
group and at | east one positively charged nitrogen.
The I ong carbon chain group may be attached directly
to the nitrogen atom by sinple substitution; or

indirectly by a bridging functional group or groups in
S I | ﬂQﬂE .am

ohe%% Sﬁgltel g%lggf ) %‘Sﬁgns é‘llclg%ln?gl}g@ ;ﬁ% ]?dpé ﬁlé&nmg? gﬁo the bottle.
hylgggggya's Cthgggr{élg{g RGN S SRR, frog RUBgRER 'Y
wat er sol.ubl e i sed wat er s | ubi .
adPEToREPD df‘? ?P&F?P SostE ﬁf‘dla?tgle Brendsr CSFWeéﬂ%/WoStﬁrPS-uéger
can be introduced or. the am no nitrogen can be )
qUENEFHRS bg IndderPt (s ati, SHLRERL SHBHLGR raawfy@m&reotmﬁ%é and is
Further, the nitrogen can be a part of branched or
st qrxap@ﬁ;t byctha ififengither ip agdraip A eigerdagp glthe gfachine for environmental
unsaturation or of a saturated or unsaturated

hetngimaoybikl ceatmergs o teagoketit bf tie exeabi dithecbgled act ant s

may contain conpl ex |inkages having nore than one
cat i oni £ftdrithd ng@nhatheon 2&HIMOWRA1 Bhenwedtwitnhicrobially pure water,
surfactant can include a quaternary anmmoni um

s ufiliIGHieN4 liquEd €dbdasd sealed. All of these steps occur inside of a positive
pressure zone inside the filler called the sterile zone.

In a re-use filler, the filler contains a sump of diluted peracid solution. This
sump is held at the desired temperature (40-65° C). The filler draws from this sump and
uses the solution to sterilize both the inside and outside of the bottles. The solution
drains away from the bottles and it is collected and exported back to the same sump
from which it originated.

After the bottle has been treated it will be rinsed with microbiologically pure
water, filled with a liquid food and sealed. All of these steps occur inside of a positive
pressure zone inside the filler called a sterile zone.

The solution used to rinse the food package may be reused. When rinsing a food
package, a portion of the peroxycarboxylic composition ends up in the rinse solution as
the rinse solution drains out of the package. As in the case of the peroxycarboxylic acid
sump, the concentration of hydrogen peroxide in the rinse solution can build up over

time and eventually reach levels where the rinse solution cannot be reused and has to
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tal |l ow quat ernary ammoni um surfactant, such as a
tall ow am ne et hoxyl ate quaternary ammoni um conpound.
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amoni um conpound can include a quaternary nitrogen
bonded to a nethyl group, a tallow noiety, and two

et hoxyl ate noi eties. The ethoxyl ate noieties can

i nclude 6-10 ethoxylate groups. In an enbodi nent, the
present conposition can include about 1 to about 105353w0U2
W - % or about 5 wt-% of such a cationic surfactant.
The surfactant conpounds cl assified as am ne oxi des,
anphoterics and zwitterions are thensel ves typically
cationic in near neutral to acidic pH solutions and

ol et i ﬁ?%%ﬁ%%f‘?%%f%%éu FLECA A0S and new e B
i 'Ehe an 1nI cq(r)]‘t!)lgl csolrjr{f a §1at ﬂage gellé( cfcrgl?al Ségl Hzt Irr?ers] ﬁ vantageousl

e Cati'oni'e sup sin aC| i‘cosotutian T g y

ori yolu er ci cat

o Rt P i SBuio8 L BE ot Becet by Spesa g el n
and addltlonal sub- groups, for exanple, as descri

i nthe gpserseiitign o pAEKE Bpe kﬁvsl"wh%glﬁémﬁ%%oh&wm%%tp |b€ §ﬂuted or
VOI 104 (2) 86-96 (1989). The first class includes
al deymmﬁa PEH2AIME. P9EFY. chehisky. aTH avaisc Shelcwicarigtion of hidisegen
al kyl im dazolines. The third class includes
et roccydleaingbk Aamsesekitiom hefdrahly sthychehes 45 ncBupi@s in a recycled rinse
quat ernaries, such as al kyl benzyl di met hyl anmoni um
sadolisional kyl benzene salts, heterocyclic

The rinse solution includes water. The rinse solution can also include an
antimicrobial additive to make the water microbiologically pure (i.e., free of
microorganisms). The rinse solution can also include other additives to promote
effective rinsing such as rinse aids. Finally, the rinse solution can include a portion of
the antimicrobial composition with catalase enzyme. In an embodiment, the rinse
solution includes from about 0.15 wt.% to about 1.5 wt.% of the antimicrobial
composition that is used to sterilize the bottles.

When the rinse water is recycled or reused, the rinse water can be processed.
The processing can include filtering debris from the rinse solution, for example with a
screen or column. The processing can include filtering out some chemicals or additives
found in the solution after it drains from the food package for example through a
column or membrane. The processing can also include adding more additives in the
rinse solution (for example, more antimicrobial agent) to make the rinse solution

effective when used again.
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amoni um sal ts, dial kyl ammonium salts, and the |ike.
Cationic surfactants are known to have a variety of
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conpositions. These desirable properties can include
detergency, antimcrobial efficacy, and the I|ike.

Def oanmer s2353W0OU2 The conposition may optionally

i ncl ude defoaners. CGenerally, defoaners can include

silica and silicones; aliphatic acids or esters; 2353WOU2
al cohol s; sulfates or sul fonates; am nes or am des;

hal ogenat ed conpounds such as

fl uorochl or ohydrocar bons; vegetable oils, waxes,

mneral oils as well as their sulfated derivatives;

d ph
and p qe&g%@%g%ﬂgse%meb P d ﬁf%% i@hk¥in néﬁigsékages

alkallne ates, and tri osphates a
ot h 4 ufi & r%ﬁl m 1;1(1%41'51 Bt f]oqr?proem 1on legteg aetageef 1cs)af)rgljhe (84 Food
re erre IS en & DT 6

ant i f oam ng ts | udes S|I|cones
aspa&h%gewm 11%\?# o TG Xyt SR ARG 1 ThER insea

nmet hyl phenol H£S|onane trial kyl or tetraljy
siV eélnSW&F@B prigsesolyien 1%%#@&5%9 dragrgorhitie fgpé ackage,
thereof can all be used in defoam ng applications.

Cotpiteeted, and dhefaadipiprecasendrio horyn apaydlethiinse isplglipidat can then be

silicones such as Ardefoan(r) from Arnmour |ndustria
Chrensed ak raCyeipdtryrihif el paskage oF hjedanen boundmientabeleaner, sanitizer,
organi c emul sion; FoamKill(r) or Kresseo(r) avail able
f ramingg.usabl e Chem cal Conpany which are silicone and
nonsi | i cone
Aseptic packaging includes contacting the container with a composition
according to the present invention. Such contacting can be accomplished using a spray
device or soaking tank or vessel to intimately contact the inside of the container with
the composition for sufficient period of time to clean or reduce the microbial population
in the container. The container is then emptied of the amount of the present
composition used. After emptying, the container can then be rinsed with potable water
or sterilized water (which can include a rinse additive) and again emptied. After
rinsing, the container can be filled with the food. The container is then sealed, capped
or closed and then packed for shipment for ultimate sale.
Examples of containers that can be filled include polyethylene terephthalate
(PET), high density polyethylene (HDPE), polypropylene (PP), low density
polyethylene, polycarbonate (PC), poly vinyl alcohol (PVA), aluminum, single or
multilayer films or pouches, paperboard, steel, glass, multilayer bottles, other polymeric

packaging material, combinations of these materials in films, pouches, bottle, or other

food packaging materials.
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These def oaners can be present at a concentration

range from about 0.01 wt-%to 5 wt- % preferably from
about 0.01 wt-%to 2 w-% and nost preferably from

about 0.01 wt-%to about 1 wt-% Corrosion Inhibitors

The conposition may optionally include a corrosion s353wou2
i nhibitor. Useful corrosion inhibitors include

pol ycar boxylic acids such as short chain carboxylic

di acids, triacids, as well as phosphate esters and

conbi nations thereof. Useful phosphate esters

i nclud %ﬁé\s/é?g%g,@h g?ékﬁ%ﬁé%%eddﬁé& falbaik SARQ u@(&e. Fh¥ Ienzyme

phosphat e aryl phosphate esters,

trial . phosphat. ters, .and .m xtures thereqf
o) Bt o R U ROAR R SRl S O RR e o e

Vvtco.éhe i cal Sg ny. O her eful corrosion
4 BYLGE T MBI b aran AL The it of use and no
benzotri azole, tolyltriazole and
et PIBET2PPHIZd20PEIAnd in conbi nations with
phosphonates such as 1- ' ' '
hydr oxyiég#y |lisHewea pchemdiigfos sphohpdmael o a beile spraying/bottling
surfactants such as oleic acid diethanol anm de and
s odfietatios osiog Aphohyitioxaccpdogyth teuirésencnesntiamd Thdeperation can be
l'i ke. Useful corrosion inhibitors include
pad yddadepiy bpetatidi GseusdiC bhass obla@r Dok tah @diadsbevdiage bottles
aci ds
with a peroxycarboxylic acid composition for a sanitizing regime. In Figure 1, bottles
110 are passed through a sterilizing tunnel 102. The sanitized bottles 110a then pass
through a rinsing tunnel 103 and emerge as sanitized rinsed bottles 110b.

In the process, the composition is added to a holding tank 101. Commonly, the
materials are maintained at a temperature of about 22°C in tank 101. The
peroxycarboxylic acid use composition is passed through a heater 108 to reach a
temperature of about 40-65 °C. The heated peroxycarboxylic acid use composition is
sprayed within sterilizing tunnel 102 into and onto all surfaces of the bottle 110. The
composition may be pumped from the holding tank or sump to the bottle at a rate of
about 0.01 — 5.0 liters per second.

After contact with the peroxycarboxylic acid use composition and after dumping
any excess composition from the bottles, the sanitized bottles 110 are then passed to a
fresh water rinse tunnel 103. Fresh water 108 is provided from a fresh water make-up

into a spray rinsing tunnel 103. The fresh water can include a rinse additive. Excess

spray drains from rinsing tunnel 103 to drain 106 or can be collected and reused as
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whi ch are preferred include adipic, glutaric,
succinic, and m xtures thereof. The nost preferred is

wa@200sesme of adi pic, glutaric and succini c acPc/IB2X151610

10

15

20

is araw material sold by BASF under the nane

SOKALAN(r) DCS. Rheol ogy Modifiers A conposition may
optionally include one or nore rheol ogy nodifiers.

Wat er sol ubl e or water dispersible rheology nodifiers

that are useful can be classified as inorganic or

organi c. The organic thickeners can further be divicQI350i3WOU2
into natural and synthetic polyners with the latter

still further subdivided into synthetic natural-based

and synthetic petrol eum based. | norganic thickeners

ar@es&%@ @J)\Ley WHRR qﬁn N?.‘@%" )sgﬁtlgeglﬂog dsgl‘s}llOzfrﬁ'g ﬁﬁﬁé&g'ﬂly rinsed

al um num si |cate

(Be ni,t.e LSO |ch have been
%Prgsrh wz?%fm e CO{H@ g roem%roga tf gh‘% r})er X,)y oxyhc aﬁld comé)osmon from

i.ze ratio Sui t abl
t htﬁie Refier ﬁlogﬂ%lwﬁﬁﬁtrfﬁ{ Pl bisl & %\W %gfy B iicauoduct. The
For exa tragacant h, karaya, and acacia guns; and
exiissd o r%@mga% hotggszbl@é\ﬂmé%wa%@ﬁ%he ripRginpdan
gum guar gum and pectin; pure cul ture
f er mentHicidan tqud@m;:thg stguhhn%@nx%ld@ﬂ and garinsige éringll (3yare all

all of these materials are salts of conplex anionic
poleysadciarintakio Wy drhigier or viait Ut lal 1 bldsed 11 hicokenes wapor or
havi ng application are
fumes from the system components. The sanitizer material that has been sprayed and
drained from the bottles 110a accumulate in the bottom of the spray tunnel 102 and is
then optionally recycled through recycle line and heater 107 into the day tank 101, out
of the system to the drain, or for use or exported in another part of the plant.

The contact between the bottles and the peroxycarboxylic acid antimicrobial
composition can be at a temperature of greater than about 0 °C , greater than 25 °C, or
greater than about 40 °C. Temperatures between about 40 °C and 90 °C can be used. In
certain embodiments, contact at 40 °C to 60 °C for at least 5 sec, or at least about 10 sec,
is employed.

In the cold aseptic filling of 16 ounce polyethylene terephthalate (PET bottle), or
other polymeric, beverage containers, a process has been adopted using a
peroxycarboxylic acid composition. The peroxycarboxylic acid composition can be
diluted to a use concentration of about 0.1 to about 10 wt% and maintained at an
effective elevated temperature of about 25°C to about 70°C, e.g., about 40°C to about

60°C. The spray or flood of the bottle with the material ensures contact between the

bottle and the sanitizer material for at least 5, e.g., about 10, seconds, up to 2 minutes.
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cellul ose derivatives wherein the free hydroxyl groups
on the |inear anhydro-glucose pol yners have been
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subst ances, which dissolve in water and give viscous
solutions. This group of materials includes the al kyl
and hydroxyl | al kycel | ul oses, specifically

nmet hyl cel | ul ose, hydroxyet hyl net hyl cel | ul ose,

hydr oxypr opyl net hyl cel | ul ose, 2353WOU2
hydr oxybut yl met hycel | ul ose, hydroxyet hyl cel | ul ose,

et hyl hydr oxyet hyl cel | ul ose, hydroxypropyl cel | ul ose,
and car boxynet hyl cel | ul ose. Synthetic petrol eum based
wat er sol ubl e polynmers are prepared by direct

Aﬂgfq{doéﬁl gﬁnﬂgeé Ut!h& @5{ 1€ cmﬂgﬁjﬁd Qf al .n?etﬂts for a minimum of 2

po yV|nyIp rr one, pol yvinyl net hyl et

pol yacr c aC| d t hacryl ic aC|d
Oﬁ%%néirs %{1('1 P]Iim nl W?ﬁ Ib% as esecoo)?d ater Lnse with sterilized water using

FrapeaE ﬂl%gsg W%‘%E R R U Sa R e s vt

vari ous dyes, odorants including perfumes, and other
adbe hetle & Bamhdared gt @@émlgzedpvaé?refms% ey keastiZrepqpds and is
D&C dges D&C dyes, and the like. Use in Aseptic

)y Adlegh il hﬁa@@gﬁﬁ@e fHelrape walgh cieinplpddk @ Angadditive
|nto two basic categories: a single use filler and a
r ewhisk therseleeled ragulhgt dnmgmés dré especially useful in aseptic packaging, it is
understood that they can be used anywhere peracid compositions are used where the
catalase can be introduced into the peracid composition without having to store the
peracid and catalase together. Such uses include peracid compositions in the healthcare
(for example as a high-level disinfectant for cleaning instruments such as endoscopes),
and food and beverage, warewashing, laundry and housekeeping industries.

For a more complete understanding of the invention, the following examples are
given to illustrate some embodiment. These examples and experiments are to be
understood as illustrative and not limiting. All parts are by weight, except where it is
contrarily indicated.

EXAMPLES

The following chart provides a brief explanation of certain chemical components

used in the following examples:
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The single use system nakes a dilute stock sol ution of
peracid. It sprays a small anount of this solution in
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can be2353WOU2 heated at the point of injection or it
can be pre-heated prior to injection into the bottle.
In either case the running conditions (tenperature,
contact tine, and peracid concentration) are chosen so
that the bottle is rendered commercially sterile. s353wou2
After contacting the inside of the bottle, this spent
solution drains fromthe bottle and is exported by the
filler either to a drain or to other parts of the
machi ne for environnental antimcrobial treatnments or
tr t
por 10 s Bekn TPl Do pl PR gE S EenfGiy Tl B
m roblally pure water, filled with a Iiquid food and
any les . : i
sealed, of these steps occur inside of a p05|t|ve
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thils_sunp and uses thecagdisation to sterillize both the
i ns|i A%C anperdut si de of| hiblegibaltdalagse The sqlMitsubmshdr ai ns
away fromthe bottl es| @ncknttatei s col | ect ed and exported

backA$© Supeg 29ame sunp Hislogicivatiusé t  or i gi [rMitamhishAf t er
the bottl e has been tfreat&@aict Wi ll be rijnsed with

m Cr@eRI1OHOgI cal Ty PUT&iological catalase Genencor
concentrate
CA-400 biological catalase Genencor
concentrate
Hydrogen Peroxide 35-50% H,0, Solvay-Interox Corp.
Example 1

Example 1 compared the ability to various catalase enzymes at 100 ppm
concentration to decompose hydrogen peroxide. For this example, an aliquot of a stock
solution of catalase was added to 1000 ml of a solution containing about 20,000 ppm
acetic acid and 500-800 ppm of hydrogen peroxide at 60 °C. The catalase addition was
done at a rate that produced an enzyme concentration of 100 ppm in the 1000 ml
solution The concentration of the hydrogen peroxide was measured at time zero and at
5, 10, and 15 minutes. The concentration of hydrogen peroxide was measured via
titration of a 10 ml aliquot of solution including 1-2 ml of 10.0 KI solution, 1-2 ml
concentrated sulfuric acid, 4-5 drops of an oxygen catalyst (saturated solution of
Ammonium Molybdate) and a few drops of a starch solution. The titrant was 0.1 N
Sodium thiosulfate. The solution was titrated to a colorless endpoint and the peroxide

concentration was calculated via the following calculation:
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water, filled wwth a Iiquid food and sealed. Al of
these steps occur inside of a positive pressure zone

WO pepdzsothe filler called a sterile zone. The RBCI/IB20@051610

10

15

20

used to rinse the food package nay be reused. \Wen

rinsing a food package, a portion of the

per oxycar boxylic conposition ends up in the rinse

solution as the rinse solution drains out of the

package. As in the case of the peroxycarboxylic acigis3worn
sunp, the concentration of hydrogen peroxide in the

rinse solution can build up over tine and eventually

reach levels where the rinse solution cannot be reused

and has t02353W0U2 either be diluted with fresh water

or ComPhshelanALITmed, 3RY. LiQSE B0 MHIRivRA W 11S,)
antimc i al composTTTong | ﬁ ﬁ‘gﬁﬁ sel ected catal ase
enzymes advant ageously al so all ow the rinse sol ution
to be reused | onger beﬁg ?g t 3 er oxi de
level s in the rinséP8d b ol 4 3§§ig—£%e a |l evel

where the rinse sol ution needs tb6’®&dil uted or

dunped, saving tinme, noney, chem stry, and water. The
concentration of hydrogen peroxide in the rinse

sol ut | oThe;fpme@fra%@rwfétygspgelbmrewdw sheweH b in a
recycled rinse solution. The rinse solution includes
watable 1ThHydioggePaotide Conceoaaticnl (spmi Qeéruldmedminutes) in the
antimcrobial additive to make the water

m Breehtobfofiogpid Gatplasee (i .e., free of m croorgani sns).
The rinse solution can also include other additives to

Pr onpihR | Bovine | ASC Super G | ASC Super 200 | CA-100 | CA-400
0 581.4 688.5 595 765 739.5
5 564.4 76.5 8.5 246.5 8.5
10 561 0 0 85 0
15 552.5 0 0 42.5 0

Table 1 shows that the fungal catalases, including ASC Super G, ASC Super
200, and CA-400 in particular, were able to decrease the concentration of hydrogen
peroxide to zero after 10 minutes. The bovine catalase only decreased the concentration
of hydrogen peroxide by 28.9 ppm.
Example 2

Example 2 compared the ability to various catalase enzymes at 20 ppm
concentration to decompose hydrogen peroxide. For this example, 20 ppm of catalase
enzyme was diluted in 20,000 ppm acetic acid and 500-800 ppm of hydrogen peroxide
at 60 °C. The concentration of the hydrogen peroxide was measured at time zero and at
5, 10, and 15 minutes in the same manner as outlined in example 1. The concentration
of hydrogen peroxide is shown in Table 2.
Table 2 -- Hydrogen Peroxide Concentration (ppm) Over Time (minutes) in the

Presence of 20 ppm Catalase
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effective rinsing such as rinse aids. Finally, the
rinse solution can include a portion of the

W@nriooesonobi al conposition with catal ase enzyneCT/IB20en051610

5

10

15

20

enbodi nent, the rinse solution includes from about

0.15 wt.%to about 1.5 wt.% of the antim crobia

conposition that is used to sterilize the bottles.

When the rinse water is recycled or reused, the rinse

wat er can be processed. The processing can include >s3wou?
filtering debris fromthe rinse solution, for exanp?e

Wi th a screen or colum. The processing can include
filtering out some chem cals or additives found in the
solution after it drains fromthe food package for
e BT HSESERI B REC RERATAHE] CRIFPTCRSph
cdan :i U I/ bl uuce dull.llégé) mor e d‘. .UI l517g
ke DHho rG0lde sob uti 51 ot feotve i
aga A02235 0P Degydi?ég the rij nc%s-inl ut it lean lrlé6_
part 18f a @Btlhod of H%ilnfecting phekages3Ufhere M3 er
the antim crobial conposition with sel ected catal ase

is applied to a food package it is allowed to drain

f r'Babld hehdwsablat placiivagee cathlagesf owldA & Skpg €5, 1250 hgrer 20 aediCA-
with a rinse solution, the rinse solution is allowed

t aa(driaipartittlanwcheatl Ot @R eiBIg Rlecie el tReE@mdent@tin of hydrogen
thereafter processed to forma recycled rinse solution

t hato:ga@) THaRvRe chelsedid Aot mesMRbMddRatd (RS Bofc@@fhtion of
package or used as an environnental cleaner,

S ain%g%ﬁ beroxide.

Example 3

Example 3 determined the temperature stability of the CA-400 catalase. For this
example, a 5000 ppm sample of CA-400 was placed in a small glass vial and placed in a
water bath at 60 °C. Samples of the CA-400 were removed from the water bath and
placed in an ice water bath after certain exposure times. After the ice water bath, the
sample was tested against hydrogen peroxide at room temperature in a UV-VIS
spectrophotometer at 240 nm for 2 minutes. A sample of the enzyme in distilled water
was also run. The sample was prepared for the spectrophotometer by pipeting 3 ml of a
stock solution of hydrogen peroxide into a 1 cm x 1 cm quartz cuvette. 250 microliters
of the catalase solution was added to the hydrogen peroxide solution. The
spectrophotometer took measurements at 15 second intervals. The raw absorbance
numbers are shown in Table 3. The adjusted absorbance numbers (raw catalase in
hydrogen peroxide numbers — distilled water control) are shown in Table 4. The
spectrophotometer measurements were converted into hydrogen peroxide concentration.

The concentration of hydrogen peroxide was calculated via the following formulation:
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or rinse. Aseptic packagi ng includes contacting the
container wiwth a conposition according to the present

WO pasentdogn. Such contacting can be acconpl i sheRCT/EB20¢p/E1610

spray device or soaking tank or vessel to intimtely
contact the inside of the container with the
conposition for sufficient period of tinme to clean or
reduce the mcrobial population in the container. The
container is then enptied of the anount of the presegézwoun
conposition used. After enptying, the container can
then be rinsed with potable water or sterilized water
(which can include a rinse additive) and again
enptied. After rinsing, the container can be filled
t 0

ol DG G O R B R p R Ty G PG 0 0012

ﬁﬂﬁb of containers that can be filled include
po | ene terephthal ate (PET) hi gh density

I I PP), | d
Dol yot Py aHBee oL BOEPE P TREE by s wf}%“l FEgRaY Table
(PVA alunlnun1 single or nultll(yer filnms
pol?cb?l@ pErheams et desremgiia & Cope in Iéyl%?ge@d%er%%e

ot her nnl yneric packaging materi al conhi nati ons of

t HeSatatmae Erce@ent i |n_f iSpasiropheiamhies Mepsirethents QrerdkimmerSeconds)

f god packagi ng nHt eri abDg. 2333WOU23Mur i ngS oper & | oASt|hed0 | 105

enytiver casabgleadded). 9184 W76 0ilIN3Tequonce. The| 603y S5 | 0.05

Ohour | Sample Ob | 1.0063 | 0.2325 | 0.1391 0.11 | 0.073]0.05 | 0.05 | 0.05

1 hour | Sample la | 0.9836 | 0.2359 | 0.1714 | 0.1251 | 0.0792 | 0.05 | 0.05 | 0.05

1L hour | Sample 1b | 0.9723 | 0.3085 | 0.1734 | 0.0943 | 0.0832 | 0.05 | 0.05 | 0.05

2hour | Sample 2a | 1.0342 | 0.3548 | 0.1957 | 0.1159 | 0.0879 | 0.05 | 0.05 [ 0.05

2hour | Sample 2b | 1.0184 | 0.3553 | 0.2219 | 0.1058 | 0.0879 | 0.05 | 0.05 | 0.05

4hour | Sample 4a | 0.9956 | 0.2764 | 0.1966 | 0.0879 | 0.0725 | 0.05 | 0.05 | 0.05

4 hour | Sample 4b 1.018 [ 0.3032 | 0.1893 | 0.0828 | 0.0751 | 0.05 | 0.05 | 0.05

Distilled Water Control

O hour 0.05
1 hour 0.05
2 hour 0.05
4 hour 0.05

Table 4 -- Adjusted Spectrophotometer Measurements for CA-400

Catalase Treatment Spectrophotometer Measurements Over Time (Seconds)
0 15 30 45 60| 751 90| 105
Ohour | Sample Oa | 0.8684 | 0.2375 | 0.0637 | 0.0444 0 0 0

Ohour | Sample Ob | 0.9563 | 0.1825 | 0.0891 0.06 | 0.023

1 hour | Sample 1a | 0.9336 | 0.1859 | 0.1214 | 0.0751 | 0.0292

1 hour | Sample 1b | 0.9223 | 0.2585 | 0.1234 | 0.0443 | 0.0332

2hour | Sample 2a | 0.9842 | 0.3048 | 0.1457 | 0.0659 | 0.0379

2hour | Sample 2b | 0.9684 | 0.3053 | 0.1719 | 0.0558 | 0.0379

4hour | Sample 4a | 0.9456 | 0.2264 | 0.1466 | 0.0379 | 0.0225

(ol lelle] [o] la] fe] fe)
(ol lelle] [o] la] fe] fe)
(ol lelle] [o] la] [a) [ar] fan)

4 hour | Sample 4b 0.968 | 0.2532 | 0.1393 ] 0.0328 | 0.0251
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WOoR®o/1240¢9 enzyne i s preferably added at the poPCI/1B2009/051610
use and not added before shipping the product.
1 shows a schematic for

10

may be free floating or

i mmobilized on a substrate.

The enzyne can be added to the peracid in the sunp.

sprayi ng/ bottling operation using a conposition
according to the present

i nventi on.
be a col d aseptic operation.

100 that can contact beverage bottles with a

per oxycar boxylic acid conposition for

Fi gure
an enbodi nent of a bottle

The operation can
Fi gure 1 shows a pl ant 2353WOU2

a sanitizing

regime. In Figure 1, bottles 110 are passed through a

sterilizing tunnel 102. The sanitized bottles 110a

t hf%ﬁ)lé’? }tcﬁ]&%ﬂgjggﬁlc{e' ébcﬂc&gr bR E‘IﬁJm)]vqt?}l @R%O@Weg ?nﬁé

sanltlze rin ottles 116b process

frel‘t;ag%l%slg éfatmgrﬁ “Fi;y?‘}?) Iéjlnn eé'oﬁhe'éom;\e 15 %tli'oflf( pne\ﬁ) Q:z}er' 1,¥‘1_fe+(Seconds)

22Cintank—101—The pe LX”Cé?bOX”..: ac:% use 20| 105

cdusur ¢ | gyamplefadJOAZORT o @RS & #edd by ShaR! ¢ o roaqphO; 0] 0

t difthouat of Saoplehd 428045 G0 | THeOhdared | 276 0] 0] 0

peraspear boxyl i ¢ aditd4d2e ceaposPt-bdn 036%4prakdetl| O 0 0

wilthin sterilizing tunnell 102 iinto apd onto al

syriflames ¢faimbr 1a0tit1e.321023.0k¢ 1¢06POsHO.IDN TRY4 pe 0 0 0

pynpesir f r o8uibR 19! idopget anky.ol (5810 | te3.ide Bpgdle af o[ 0O

a [TQL&e o7 [about U.J0k 1359 |96 bh €36 R PECPNN7 LIl o] 0

cqntact with the peroxycar boxylii ¢ acid USe|[ Composi t1

AN Kt T TS Bl ™ [ 1181.04 [ 365.76 | 174.84 | 79.08 | 4548 0] 0] 0O
2 hour Sample 2b | 1162.08 | 366.36 | 206.28 | 66.96 | 45.48 0 0 0
average 1171.56 | 366.06 | 190.56 | 73.02 | 45.48 0 0 0
4 hour Sample 4a | 1134.72 | 271.68 | 175.92 | 45.48 27 0 0 0
4 hour Sample 4b | 1161.6 | 303.84 [ 167.16 | 39.36 | 30.12 0 0 0
average 1148.16 | 287.76 | 171.54 | 4242 | 28.56 0 0 0
Average Summary
0 hour 1094.82 252 91.68 | 62.64 13.8 0 0 0
1 hour 1113.54 | 266.64 | 146.88 | 71.64 | 37.44 0 0 0
2 hour 1171.56 | 366.06 | 190.56 | 73.02 | 45.48 0 0 0
4 hour 1148.16 | 287.76 | 171.54 | 4242 | 28.56 0 0 0

Example 3 shows that CA-400 is stable at 60 °C over time because even after

being in a hot water bath for four hours, it is still capable of decreasing the

concentration of hydrogen peroxide to zero within 75 seconds.

Example 4

Example 4 determined the temperature stability of the CA-400 catalase in the

presence of 20,000 ppm acetic acid. The enzyme was stored in the acetic acid for O to

1, 2 or 4 hours in the glass vial. For this example, a 5000 ppm sample of CA-400 along

with 20000 ppm solution of acetic acid was in a small glass vial and placed in a water

bath at 60 °C. Samples of the CA-400 were removed from the water bath and placed in
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any excess conposition fromthe bottles, the sanitized
bottles 110 are then passed to a fresh water rinse

W@ 0v9a2280493. Fresh water 108 is provided fromBCT/IB2860/051610

10

wat er make-up into a spray rinsing tunnel 103. The

fresh water can include a rinse additive. Excess spray
drains fromrinsing tunnel 103 to drain 106 or can be
col l ected and reused as2353WOU2 descri bed above.

Wthin the tunnel 103, sanitized bottles HOa are 2353WOU2
thoroughly rinsed with fresh water. The conplete

renoval of the peroxycarboxylic acid conposition from

the bottles 110a is inportant for maintaining high

qual ity of the beverage product. The rinsed and

saj)| 1Eé %5 bah Fft&%ﬁéégl%?ﬁ{sﬁrettnﬁ&. DR YRdcd W IB'JE}?, the sample was

rinsing tunnel. ank 101, the sterilizing

¢ SISl 05 B el B P BRI AR L BTV S soscuroppppgmerer
or c t enove vapor or fumes fromthe system

e otpaT a8 2 SN Sart FERLF oLt Epsate R b SYELER atso run. The
sprayed and drajned fromthe bottles 110a accunul ate .

i nsafiRle Wt RreRArst fof His sBestiephelompler byipipetiigd mbok mdpek solution of
optionally recycled through recycle line and heater
10wdregen petesiddagto adriim 10 rm @lartz ghvatthe 28Y micsphiters of Hie catalase
drain, or for use or exported in another part of the

pl sihttion Tiee addmdtta e Hydtoger perbkide batitidre sTtarsgedtivphotometer took
per oxycar boxylic acid antimcrobial conposition can be

at meastiempatat U ecofid greeadler THehaw nabbuts ate Hown ig Talsie € The
than 25 0C, or greater than about 40 OC. Tenperatures

befaeea bl (A QfaldRdn B0 nGRE®: MS@rs | distilled water control)

are shown in Table 7. The spectrophotometer measurements were converted into
hydrogen peroxide concentration. These values were calculated in the same manner as
outlined in example 3. The concentration of hydrogen peroxide (ppm) over time in
shown in Table 8.

Table 6 -- Spectrophotometer Measurements for CA-400 in Hydrogen Peroxide

Catalase Treatment Spectrophotometer Measurements Over Time (Seconds)
0 15 30 45 60 75 90 105
0 hour Sample Oa 1.1666 | 0.6812 0.427 0.3128 0.2052 0.183 0.1047 | 0.1047
0 hour Sample Ob 1.1145 | 0.6276 0.42 0.3027 0.2442 | 0.1519 0.0933 | 0.0933

1 hour Sample la 1.0926 | 0.6724 0.4505 0.2843 0.2344 | 0.1524 0.1027 | 0.1057
1 hour Sample 1b 1.1337 | 0.6849 0.4448 0.2696 0.1908 | 0.1699 0.1049 | 0.1049

2 hour Sample 2a 1.1482 | 0.7066 0.4604 0.3438 0.2906 | 0.1409 0.1 0.1
2 hour Sample 2b 1.1284 | 0.6982 0.4516 0.2909 0.225 | 0.1453 0.1 0.1
4 hour Sample 4a 1.1613 | 0.7369 0.494 0.3115 0.2032 | 0.1746 0.1208 | 0.1208

4 hour Sample 4b 1.1437 | 0.6863 0.5325 0.3699 0.2462 | 0.2195 0.1218 | 0.1145
Distilled Water Control

0 hour 0.05
1 hour 0.05
2 hour 0.05
4 hour 0.05
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certain enbodi rents, contact at 40 OC to 60 OC for at

| east 5 sec, or at |east about 10 sec, is enployed. In
W@ b@ogzdodd aseptic filling of 16 ounce pol yet hyPE&HEB2009/051610

terepht hal ate (PET bottle), or other polyneric,

bever age containers, a process has been adopted using

a peroxycarboxylic acid conposition. The

per oxycar boxylic acid conposition can be diluted to a

use concentration of about 0.1 to about 10 wt % and ;353w0U2

mai ntai ned at an effective el evated tenperature of

about 25C to about 700C, e.g., about 400C to about

600C. The spray or flood of the bottle with the

material ensures contact between the bottle and the

S af‘e{btlé 7ErA (&l $ ctrI) ot(ﬂﬁetér%éetsuéme ts Gor (T:ﬁ—bl@ﬁt 10_’
seconds, up to m nut es. 2353WOU2 After flooding is

cormplet t bottte—<can e drained of H ntents

Fdr 8 m NI of —2-spondsl Ang BpE AT Ly ot T ot By
gtiuﬁ§2 bt 1 LR e T e T o S bR p AN & 35 0547 [ 0.0547
o e mple 5 L LOGks PT7e L (7 Jo },%% Toag 1740019 | 0.0433 | 0.0433
¢ Heowr s’,’qg o L 0406 [0.62 404 ()9 W{gl M .I;I$4,A\ f{ili’o‘zi}\t 0.0527 | 0.0557
55 e A R AT 2 A W e s
b';g?ﬁg Samgple 2oy LR | osen 104108 L 0poas [” 17306 1 A0 L7601 0.5
WHZEAYT O DRP 2t BYO% nP 01854 U0, Reeiay 0 Ha gaigpy,, 0051 005
usdgy | Samplada L PILSLOGRE L 0 LT 03613 1q1 00 1011326, 10.0708 | 0.0708
t HéyoWar YEPIE L aL WAL LE DS | D2 8518 rp il ohlooa [ BO718 | 00645
used where the catal ase can be introduced into the

peraci d conposition wthout having to store the
Table 8 -- Hydrogen Peroxide Concentration (ppm) with CA-400 Over Time

Catalase Treatment Hydrogen Peroxide Concentration (ppm) Over Time (Seconds)

0 15 30 45 60 75 90 105
0 hour Sample Oa | 1339.92 | 75744 | 4524 | 315.36 186.24 | 159.6 | 65.64 65.64
0 hour Sample Ob 12774 | 693.12 444 | 303.24 233.04 | 122.28 | 51.96 51.96
average 1308.66 | 72528 | 448.2 309.3 | 209.64 | 140.94 | 58.8 58.8

1 hour Sample 1a | 1251.12 | 746.88 | 480.6 | 281.16 | 221.28 | 122.88 | 63.24 66.84
1 hour Sample 1b | 1300.44 | 761.88 | 473.76 | 263.52 168.96 | 143.88 | 65.88 65.88

average 127578 | 754.38 [ 477.18 | 272.34 195.12 | 133.38 | 64.56 66.36
2 hour Sample 2a | 1317.84 | 787.92 | 492.48 | 352.56 | 288.72 | 109.08 60 60
2 hour Sample 2b | 1294.08 | 777.84 | 481.92 | 289.08 210 ] 114.36 60 60
average 1305.96 | 782.88 | 487.2 | 320.82 | 249.36 | 111.72 60 60

4 hour Sample 4a | 1333.56 | 824.28 | 532.8 313.8 183.84 | 149.52 | 84.96 84.96
4 hour Sample 4b | 1312.44 | 763.56 579 | 383.88 | 23544 | 2034 86.16 774

average 1323 1 793.92 | 555.9 | 348.84 | 209.64 | 176.46 | 85.56 81.18

Average Summary

0 hour 1308.66 | 725.28 | 448.2 309.3 | 209.64 | 140.94 | 58.8 58.8

1 hour 1275.78 | 754.38 | 477.18 | 272.34 195.12 | 133.38 | 64.56 66.36

2 hour 1305.96 | 782.88 | 487.2 | 320.82 | 249.36 | 111.72 60 60

4 hour 1323 |1 793.92 | 555.9 | 348.84 | 209.64 | 176.46 | 85.56 81.18
5 Example 4 shows that CA-400 is stable at 60 °C over time because even after

being in a hot water bath for four hours and exposed to 20,000 ppm acetic acid it is still

capable of decreasing the concentration of hydrogen peroxide over time.
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peraci d and catal ase together. Such uses include
peracid conpositions in the healthcare (for exanple as

w@2dgesokevel disinfectant for cl eani ng instruP@niB009/051610

5

10

15

such as endoscopes), and food and beverage,
war ewashi ng, | aundry and housekeepi ng industries. For
a nore conpl ete understanding of the invention, the
foll ow ng exanples are given to illustrate sone
enbodi nent. These exanpl es and experinents are to b§35ﬂNOLQ
understood as illustrative and not limting. Al par
are by weight, except where it is contrarily
i ndi cated. EXAMPLES The followi ng chart provides a
bri ef explanation of certain chem cal conmponents used
| Npdhenik @l | owi ng exanpl es: 2353W0U2 Tr ade Nanes and
Eg%‘oﬁding Descri ptions of Sone Chemicals Used in

the EX%' e? fé«%e%nned]theq(em?érat?uri 6%81'1'?“&96 E!&e O’bb Ialallasg For this

to vari OUS ase enz m concen

to dec dr i.de. r.this
: ?Xaﬁlaf “gg&g) B oA a*faseiacsﬁi b SR o a?fgplaced ina
sol uti on caontai ning about 20, 000
ac\@%tPrcbaélz: ?tcﬁoaﬁd SBowles oo s 40 W{ﬁfé@l@ﬁedp%%ﬂved%ats& bagipand
OC. The catal ase addition was
placed in an ice water bath after certain exposure times. After the ice water bath, the

sample was tested against hydrogen peroxide at room temperature in a UV-VIS
spectrophotometer at 240 nm for 2 minutes. A sample of the enzyme in distilled water
was also run. The sample was prepared for the spectrophotometer by pipeting 3 ml of a
stock solution of hydrogen peroxide into a 1 cm x 1 cm quartz cuvette. 250 microliters
of the catalase solution was added to the hydrogen peroxide solution. The
spectrophotometer took measurements at 15 second intervals. The raw numbers are
shown in Table 9. The adjusted numbers (raw catalase in hydrogen peroxide numbers —
distilled water control) are shown in Table 10. The spectrophotometer measurements
were converted into hydrogen peroxide concentration. These values were calculated in
the same manner as outlined in example 3. The concentration of hydrogen peroxide

(ppm) over time in shown in Table 11.
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done at a rate that produced an enzyne concentration
of 100 ppmin the 1000 mM solution The concentration
w@Roovhzsoy dr ogen peroxi de was nmeasured at ti mnePCEIBR0eMI$1610

at 5, 10, and 15 minutes. The concentration of

hydr ogen peroxi de was neasured via titration of a 10

m aliquot of solution including 1-2 ml of 10.0 K
solution, 1-2 m concentrated sulfuric acid, 4-5 drops

of an oxygen catal yst (saturated sol ution of Anmoni Y 3w
Mol ybdate) and a few drops of a starch solution. The
titrant was 0. 1N Sodi um thiosul fate. The sol ution was
titrated to a col orless endpoint and the peroxide
concentration was cal cul ated via the foll ow ng
ti
cah il at 5%@05?-5@ Wb R f§ r&(qs g’gr%ﬁ 1%@% rf%;(sﬁae

of tltrat gui val ent SI ppm

- W A aY 4N/ AN\
Spectré hé)tometel1J M\easflremqp‘f_é‘ Over.Time (Secpnds)
Ugc'ijl“ €r o S D”%B‘m T |aU| c90 105

AL NN TR %‘

(
ccncentra I on of Y

B S o i LRI 981 02006
T gty [ Samestn | Ty 06 ] g;gzﬂc oot 0,900 | HINOL FOSTIEt ™0 0884 100533
L TR T O T8 A

oyr | sample b ¢ ['4.2356 [ &%A (6772 EOS 134 | 0daes LO3ITD ' 026197 0.1927

b g Lo AEET EaS e tRE, ¢alb et r Sl P Rl THYRI 99555 T 02364 [ 0.2058

2 hour Sample 2b 1.231 0.8842 0.6521 | 0.4879 | 0.3753 | 0.2984 | 0.2488 | 0.1836

4 hour Sample 4a 1.2308 | 0.8825 | 0.6556 | 0.5265 | 0.3958 | 0.3103 | 0.2691 | 0.2019

4 hour Sample 4b 1.2265 | 0.893 | 0.6856 | 0.5394 ] 0.3914 | 0.3213 | 0.2797 | 0.1937

Distilled Water Control

0 hour 0.05
1 hour 0.05
2 hour 0.05
4 hour 0.05

Table 10 -- Adjusted Spectrophotometer Measurements for CA-100

Catalase Treatment Spectrophotometer Measurements Over Time (Seconds)

0 15 30 45 60 75 90 105

0 hour Sample Oa 1.2169 | 0.9303 | 0.7079 | 0.5133 | 0.3912 | 0.3134 | 0.2547 | 0.2276

0 hour Sample Ob 1.1679 | 0.8124 | 0.6225 | 0.4707 0.341 | 0.2845 | 0.2384 | 0.2033

1 hour Sample 1a 1.1546 |1 0.8424 | 0.656 | 0.4922 [ 0.3918 | 0.3106 | 0.2522 | 0.2107

1 hour Sample 1b 1.1756 | 0.8272 | 0.6272 | 0.4634 | 0.3753 | 0.3212 | 0.2119 | 0.1427

2 hour Sample 2a 1.178 1 0.8456 | 0.6139 [ 04409 | 0.3291 | 0.2555 | 0.1864 | 0.1558

2 hour Sample 2b 1.181 ] 0.8342 | 0.6021 [ 04379 | 0.3253 | 0.2484 | 0.1988 | 0.1336

4 hour Sample 4a 1.1808 | 0.8325 | 0.6056 [ 04765 | 0.3458 | 0.2603 | 0.2191 | 0.1519

4 hour Sample 4b 1.1765 | 0.843 | 0.6356 | 0.4894 | 0.3414 | 0.2713 | 0.2297 | 0.1437
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peroxide to zero after 10 mi nutes. The bovi ne catal ase
only decreased the concentration of hydrogen peroxide

wh200282894ppm Exanpl e 2 Exanpl e 2 conpared thePEhiB20e9051610

10

to various catal ase enzynes at 20 ppm concentration to
deconpose hydrogen peroxide. For this exanple, 20 ppm
of catal ase enzyne was diluted in 20,000 ppm acetic
acid and 500-800 ppm of hydrogen peroxide at 60 OC.
The concentration of the hydrogen peroxi de was 2353WOU2
measured at tine zero and at 5, 10, and 15 mnutes in
the sane manner as outlined in exanple 1. The
concentration of hydrogen peroxide is shown in Table
2. Table 2 -Hydrogen Peroxide Concentration (ppm Over
Ti

T% e(m g%ﬁ) eh @’eltogﬁle %o%@tﬁ'@%ﬁo&ﬁgtﬁp) Y A- 100I Over Time

Cat a ase23 ws t unga

.C crt@ajta%?ecﬁea]ﬁ&ﬂt ASC ﬁ" Er,ogen }?éroyf_a) \Concerﬁl;gylonfppm) Over ylm\e:ﬁgconc‘fsy

Ic:grpi::‘lf:‘g.‘-l II J"‘IVCIIco p ng(jj’. gl a&f% u d:l icg.bFFé l ”cgo 105

. tb‘,hr ,\Eeémp',lpi nJi46 I%éj t’ﬁ&ﬁ yéié,.‘zjéj iis‘jiget 9 % r%j%(ggl;t 305,64 | 273.12

oflohr i Sample 0o P Lol aE P IRl 7a ‘éféi;flﬁtpﬂ ik er AL RGOS 243.96

{ HEE demeratur bl SLAbiH YRS o082k SRAHO-S0E aptidd 205q | 05854
< L fllpcl at ur o Sl A T 1 CTTe oA\ HUUJU CAOl A1 oS . Ul

this, Sample 1a_ | 138552 | 1010.88 | 787.2 | 590.64 | 470.16 | 372.72 | 302.64 | 252.84
Lhr | Sample 1b | 1410.72 | 992.64 | 752.64 | 556.08 | 450.36 | 385.44 | 254.28 | 171.24
Avg 1398.12 | 1001.76 | 769.92 | 57336 | 460.26 | 379.08 | 278.46 | 212.04
2hr | Sample 2a 1413.6 | 1014.72 | 736.68 | 529.08 [ 394.92 | 306.6 | 223.68 | 186.96
2hr | Sample 2b 1417.2 | 1001.04 | 722.52 | 525.48 | 39036 | 298.08 | 238.56 | 160.32
Avg 14154 | 1007.88 | 729.6 | 527.28 | 392.64 | 302.34 [ 231.12 | 173.64
4hr | Sample4a | 1416.96 999 | 726.72 | 571.8 | 414.96 | 312.36 | 262.92 | 182.28
4hr | Sample 4b 1411.8 | 1011.6 | 762.72 | 587.28 | 409.68 | 325.56 | 275.64 | 172.44
Avg 141438 | 10053 | 744.72 | 57954 | 412.32 | 318.96 | 269.28 | 177.36
Average Summary
0 hr 1430.88 | 1045.62 | 798.24 | 5904 [ 439.32 | 358.74 | 295.86 | 258.54
1hr 1398.12 | 1001.76 | 769.92 | 573.36 | 460.26 | 379.08 | 278.46 | 212.04
2hr 14154 | 1007.88 | 729.6 | 527.28 | 392.64 | 302.34 | 231.12 | 173.64
4 hr 141438 | 10053 | 744.72 | 57954 | 412.32 | 318.96 | 269.28 | 177.36

Example 5 shows that CA-100 is stable at 60 °C over time because even after
being in a hot water bath for four hours, it is still capable of decreasing the
concentration of hydrogen peroxide.

Example 6

Example 6 determined the temperature stability of CA-100 catalase in the
presence of 20,000 ppm acetic acid. For this example, a 5000 ppm sample of CA-100
along with 20000 ppm solution of acetic acid was placed in a small glass vial and
placed in a water bath at 60 °C. Samples of the CA-100 were removed from the water
bath and placed in an ice water bath after certain exposure times. After the ice water

bath, the sample was tested against hydrogen peroxide at room temperature in a UV-
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exanpl e, a 5000 ppm sanpl e of CA-400 was placed in a

smal |l glass vial and placed in a water bath at 60 0OC
w@20phzs940f t he CA-400 were renoved from the wedBIB2eN (51610

and placed in an ice water bath after certain exposure

times. After the ice water bath, the sanple was tested

agai nst hydrogen peroxide at roomtenperature in a

UV-VI S spectrophotoneter at 240 nmfor 2 mnutes. A

sanpl e of the enzyme in distilled water was al so ruBss3wou2

The sanpl e was prepared for the spectrophotoneter by

pipeting 3 mM of a stock solution of hydrogen peroxide

intoalcmx 1 cmaquartz cuvette. 250 mcroliters of

the catal ase solution was added to the hydrogen

PEy X g&roﬁﬁbf&ﬂe@? at ﬂ@ﬁnﬁ' P&QtMQQQ,t Rrggitnﬁfe dr %%nzyme in distilled

measurenents at 15 second intervals. The raw

absqr banc nunb%ﬁgsar shown iWiE@ 3tnjﬂﬁoad'u

| e ted ..
A Th B, PR B AP s PR AEIAL B fetine

nunpers - distill ter control) are shown in Table
sl SsdcrRbBRo Brien neeatl i S aaridh Guvertaly. 250
i nt o hydrogen peroxi de, concentration. The ) )
c ontcedltisra el B carlaps i Bipanpefdsd tadhaydregsn eeioxids golptign. The
the follow ng fornulation: 2353W0U2 ppm H20 = (Abs H20

S wi qpﬁctg}pbyt@glegﬁ@ [agpkinagasurempats Ehlzﬁys@go inigtyadsn Thg raw numbers are
wat er) (0. 0012) ( 1000000) The concentration of hydrogen
peshownde T¢igph}. bherd)jtdtedenumbestioaw catalastabhgddgerladdade numbers
3- Spectrophot onet er Measurenents for CA-400 in
Hy ddis@iesa WeEraxhalel) are shown in Table 13. The spectrophotometer measurements

were converted into hydrogen peroxide concentration as in example 3. The
concentration of hydrogen peroxide (ppm) over time in shown in Table 14.

10 Table 12 -- Spectrophotometer Measurements for CA-100 in Hydrogen Peroxide

Catalase Treatment Spectrophotometer Measurements Over Time (Seconds)

0 15 30 45 60 75 90 105
0 hour Sample Oa | 1.1732 | 1.0802 1.0007 | 0.9116 | 0.8141 | 0.7138 [ 0.6088 | 0.5273
0 hour Sample Ob [ 1.2786 | 1.1824 1.1099 | 1.0332 0.948 |1 0.8053 | 0.6792 | 0.5832
1 hour Sample la | 1.2264 1.159 1.0966 | 1.0234 | 0.9517 | 0.8671 [ 0.7812 | 0.6857
1 hour Sample 1b [ 1.279 | 1.2317 1.1744 | 1.1077 | 0.9912 | 0.8737 [ 0.7716 | 0.6764
2 hour Sample 2a | 1.2504 | 1.1984 1.14 [ 1.0692 0.989 | 0.8659 | 0.7645 | 0.6673
2 hour Sample 2b [ 1.2591 | 1.1768 1.1254 | 1.0524 | 0.9612 | 0.8588 [ 0.7593 | 0.6646
4 hour Sample 4a | 1.2635 | 1.1992 1.1345 | 1.0586 | 0.9685 | 0.8842 [ 0.8004 | 0.7400
4 hour Sample 4b | 1.2267 | 1.1643 1.1015 | 1.0278 | 0.9403 | 0.8584 | 0.7771 0.73
Distilled Water Control

0 hour 0.05
1 hour 0.05
2 hour 0.05
4 hour 0.05
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Tabl e 4 - Adj usted Spectrophot onet er

Measur enents for

CA- 4002353W0U2 Tabl e 5 - Hydrogen Peroxi de
w@rveaeoat i on (ppm w th CA-400 Over Tinme Examgil/e82809/051610
shows that CA-400 is stable at 60 OC over tinme because

even after
it is still

being in a hot water

bath for four
capabl e of decreasing the concentration of
hydr ogen peroxide to zero within 75 seconds.

hour s,

Exanpl e 4

Exanpl e 4 deternmined the tenperature stability of thessworn

CA-400 catal ase in the presence of 20,000 ppm acetic

acid. The enzyne was stored in the acetic acid for
to 1, 2 or 4 hours in the glass vial.

For

this

0

exanpl e, a 5000 ppm sanpl e of CA-400 al ong with 20000
ppfﬁb?e[oi#-t-'Aths?Jd S&%@t}(mﬁﬁﬁ@er\msﬁ@m@né%l Agb@ss vial
and pl aced N a wate ath at 60 0C. Sanples of the
V. WaV¥al | £ + L ) + | ] |
L e SR N NN e B0 RO Bl s
| 112380k anr T oq et R Bat A ey TCeT T RSt € T 10s
T SO eTh [T St B0 P By b e 98 el DSk 0ams
O ESampetb jf’gzlg,gt 3 P L B T Rsts L B [ 0602 [ 0.5332
o kb Dsapiedy TTH AT To0T e T ol - o019 ITOUT 70 75T T 0.6357
TH l'ﬁé". e 1»'33 yplal.vgwd .r]o%“ht hJ‘&jj":c g uz.*om. fef- py {00204
pitgeE siok 2 12004 g J0p L TART LY 008 obé@perog%fysue 0.6173
| rpa p>moleab 1200, Ik LU od 124 [ o8 Lo PRI e 00 06146
t e hSdmmledia 1d ol Bl 1dAT00 L0 NG LOGSE |y RAISA L D84 " 0TS0 | 0.69
pddit semeledp Jiliao] g LTasts T ohamd LS 0 aght T 070m [ o8
Table 14 -- Hydrogen Peroxide Concentration (ppm) with CA-100 Over Time
Catalase Hydrogen Peroxide Concentration (ppm) Over Time (Seconds)
Treatment 0 15 30 45 60 75 90 105
Sample
Ohr | Oa 1347.84 | 1236.24 | 1140.84 | 1033.92 [ 916.92 | 796.56 670.56 | 572.76
Sample
Ohr [0Ob 1474.32 | 1358.88 | 1271.88 | 1179.84 1077.6 | 906.36 755.04 | 639.84
Avg 1411.08 | 1297.56 | 1206.36 | 1106.88 [ 997.26 | 851.46 712.8 | 606.3
Sample
lhr | 1a 1411.68 1330.8 | 1255.92 [ 1168.08 | 1082.04 | 980.52 877.44 | 762.84
Sample
1hr | 1b 1474.8 | 1418.04 | 1349.28 | 1269.24 | 1129.44 | 988.44 865.92 | 751.68
Avg 144324 | 137442 | 1302.6 | 1218.66 | 1105.74 | 984.48 871.68 | 757.26
Sample
2hr | 2a 144048 | 1378.08 1308 | 1223.04 1126.8 | 979.08 857.4 | 740.76
Sample
2hr | 2b 1450.92 | 1352.16 | 1290.48 | 1202.88 | 1093.44 | 970.56 851.16 | 737.52
Avg 1445.7 | 1365.12 | 1299.24 [ 1212.96 | 1110.12 | 974.82 854.28 | 739.14
Sample
4hr | 4a 1456.20 | 1379.07 | 1301.45 | 1210.36 | 1102.21 | 1000.98 900.50 828
Sample
4hr | 4b 1412.04 | 1337.16 | 1261.8 | 1173.36 [ 1068.36 | 970.08 872.52 816
Avg 1434.12 | 1358.12 | 1281.63 | 1191.86 [ 1085.29 | 985.53 886.50 822
Average Summary
0 hr 1411.08 | 1297.56 | 1206.36 | 1106.88 [ 997.26 | 851.46 712.8 | 606.3
1 hr 144324 | 137442 | 1302.6 | 1218.66 | 1105.74 | 984.48 871.68 | 757.26
2 hr 14457 | 1365.12 | 1299.24 [ 1212.96 | 1110.12 | 974.82 854.28 | 739.14
4 hr 1434.12 | 1358.12 | 1281.63 | 1191.86 [ 1085.29 | 985.53 886.50 822
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nmeasurenents at 15 second intervals. The raw nunbers
are shown in Table 6. The adjusted nunbers (raw

w@ 2109128949 i n hydr ogen per oxi de nunbers - di stiPCEIB2009/051610

10

15

wat er control) are shown in Table 7. The

spectrophot onet er nmeasurenents were converted into

hydr ogen peroxi de concentration. These val ues were
calculated in the same manner as outlined in exanple

3. The concentration of hydrogen peroxide (ppm ovehss3wou2
time in shown in Table 8. Tabl e 6- Spectrophot oneter
Measurenents for CA-400 in Hydrogen Peroxi de2353WOU2

Tabl e 7 - Adj usted Spectrophot oneter Measurenents for

CA-400 Tabl e 8-Hydrogen Peroxi de Concentration (ppm

Wi th Cﬁixt%qgleq Sfowb IR 65 158 tafleShBYSC tnb?ilé é)fég"grfbg%f bé,OOO ppm

stable a O OC over tine because even a eing In

a ahcgttic gv% Eercalkl)s?et I‘\]lelif? zcl)frterfb(e)#lirg i]iIi] LSy %Pr%aﬁ?%?%oeug h&?rs leis%glﬁ capable
ppmacetic acid It is strll capabl'e of decreasSing the

p

concentrati on of hydro eroxi de .over time.2353W0U2
Bt s S PE rtosn BB PHATRED RFS S ner at ur &

stabili t)é of the CA-100 catal ase. For this exanple, a

5 anpl e of CA-100 was placed in a small gl ass
vial and placed in a water bath at 60 0C. Sanpl es of

t he CA-12ROWIReT geteraripndetic fommerature siabiisy ofihe ASerdPp! Geaglase.

in an ice water bath after certain exposure tines.

Af Faerthis ben@e afdde ppibatipletdhd SC Super G was placed in a small glass vial
and placed in a water bath at 60 °C. Samples of the ASC Super G were removed from
the water bath and placed in an ice water bath after certain exposure times. After the ice
water bath, the sample was tested against hydrogen peroxide at room temperature in a
UV-VIS spectrophotometer at 240 nm for 2 minutes. A sample of the enzyme in
distilled water was also run. The sample was prepared for the spectrophotometer by
pipeting 3 ml of a stock solution of hydrogen peroxide intoa 1 cm x 1 cm quartz
cuvette. 250 microliters of the catalase solution was added to the hydrogen peroxide
solution. The spectrophotometer took measurements at 15 second intervals. The raw
numbers are shown in Table 15. The adjusted numbers (raw catalase in hydrogen
peroxide numbers — distilled water control) are shown in Table 16. The
spectrophotometer measurements were converted into hydrogen peroxide concentration

as in example 3. The concentration of hydrogen peroxide (ppm) over time in shown in

Table 17.
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sanpl e was tested agai nst hydrogen peroxide at room
tenperature in a W-VIS spectrophotoneter at 240 nm

W0 o0092280Nut es. A sanple of the enzynme in di stPCT/BER009/051610
wat er was al so run. The sanple was prepared for the
spectrophotoneter by pipeting 3 ml of a stock solution
of hydrogen peroxide into a 1 cmx 1 cmquartz
cuvette. 250 mcroliters of the catal ase sol ution was
added to the hydrogen peroxide solution. The 2353WOU2
spectrophot onet er took neasurenents at 15 second
intervals. The raw nunbers are shown in Table 9. The
adj usted nunbers (raw catal ase in hydrogen peroxi de
nunbers - distilled water control) are shown in Table

10TabT 5 S Qgtfogﬁ&gfnggg MehoTEASHE m@@%ﬂﬁgf & ift @{}Eﬁg%%ﬁ geroxide

into ydro en per oxi concentrati on. Se va

] ] 4 | 4+ L 41 - | H

~¥Cq a‘fﬂsebﬂéaﬂ%eﬁt“ Ut TTE SpEerrgphotomieler MeSsrements Over-lime (Seconds)
exa? e 3. :I' e cpncenrrat Y ITprlly:ll"Xﬁ::_qki :’J)\I_rL]If 90 105
(9|C oS T T T A T ATV ﬂ%iﬁ‘i’l [ OZ50L L0 08 0.1 7107] 071487 | 0.1405

Mot "Sample (h 71 0,893 0 3353 [ 0248 IO IR | (1619 | 0151 | 0.1448

Voradol o peSample ta T 936 40 gisds L (ses T Gradh 01802 J.y j'lltz’ti8: (1254 | 0.1215
T oo Come o | S0 T T o e e oo
Eeiiie | MRE s | AT e ln| 0014 ] diZal BETBE] oAl E1275 | 01196
5 A 70 o VR4, 1 VR4 W i P UK
f ooyl o  LOL6 1y 0086 LR b0 30 L G050 .10
ccr‘*.l@‘ﬁtrﬁ%@ﬁ“%f ﬂg,q?cg“j‘?85_‘?.uﬂ?de()_.2 84 | 0.1984 | 0.1579 | 0.1367 | 0.1249

Distilled Water Control

0 hour 0.1024

1 hour 0.1024

2 hour 0.1024

4 hour 0.1024

Table 16 -- Adjusted Spectrophotometer Measurements for ASC Super G

Catalase Spectrophotometer Measurements Over Time (Seconds)

Treatment 0 15 30 45 60 75 90 105
Ohr | Sample Oa 0.7924 | 03676 | 0.2503 [ 0.1478 |1 0.0911 | 0.0692 | 0.0463 | 0.0381
Ohr | SampleOb [ 0.7906 | 04012 | 0.2329 | 0.1464 | 0.085 | 0.0595 | 0.0486 [ 0.0424
lhr | Sample 1a | 0.8236 | 04456 | 0.2649 | 0.1684 [ 0.0778 | 0.0434 0.027 | 0.0191
lhr | Sample 1b | 0.8121 | 0.4445 | 0.2623 | 0.1658 | 0.1046 | 0.0511 | 0.0322 | 0.0219
2hr | Sample 2a 0.8267 | 0.4362 | 0.2349 [ 0.1227 | 0.0683 | 0.0406 [ 0.0251 0.0172
2hr | Sample2b [ 0.7762 | 0.3984 | 0.2601 | 0.2167 | 0.1268 | 0.0717 | 0.0406 | 0.0263
4hr | Sample4a | 0.8202 | 04062 | 0.2728 | 0.1705 | 0.1079 0.067 0.042 | 0.0258
4hr | Sample4b | 0.8448 | 0.456 | 0.2799 0.166 [ 0.096 | 0.0555] 0.0343 | 0.0225
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Exanpl e 6 Exanple 6 determ ned the tenperature
stability of CA-100 catalase in the presence of 20,000

W@povazsssd c aci d. For this exanple, a 5000 ppnPGHBAE/051610

10

of CA-100 along with 20000 ppm solution of acetic acid
was placed in a small glass vial and placed in a water
bath at 60 0C. Sanples of the CA-100 were renoved from
the water bath and placed in an ice water bath after
certain exposure tinmes. After the ice water bath, thes3woun
sanpl e was tested agai nst hydrogen peroxide at room
tenperature in a UV2353W0OU2 VI S spectrophot oneter at
240 nmfor 2 mnutes. A sanple of the enzyne in
distilled water was al so run. The sanple was prepared
f S i i . .
Ofabﬁ@f# h{%gﬂ @9&9%%&&8%%&1{;%& e @fllpeg r%%%krlme

solution o rogen per oxi cm X

oW =

quar ¢ grsivetdd . 2oL i St T G D TS (Seconds)
I (9] ») .

sqgl ution was added o e hyarogen pg U)\IA‘- %'0' pOT T UL: 90 105

T O Q

" r anh ot b 4 " anle s~ Far 7 s "
TFF)@?&\;ZI“S&?% a 159,‘5 .‘-k-&r Aj;f.ﬁz j:ffbﬁ.g% ‘Tﬁébl:il @Q.&z‘fzﬁ’.ﬁi‘ %1:,’;"5\.56 45.72
acjou'glfred %%ﬂ%,j@?s (br4 :,75 B hseli .}!\mﬁgog ?‘ﬂﬁ“;ri@ eé‘g32 20.88
nUHBEES | di st egﬂﬁé cﬁ‘éznﬁ?g? féﬁ% S.éh. fzﬁ%“bpg%' 48.3

3 The ol aVaVal roennhnt nrnm or hNAaclir aonmmnt o \ADYr AN aWalalVWi + o
ilF‘&l&é‘i‘I:;d SRl Lok SBE Al ST Lo AT L X008 L oR S Loty 2304 | 20,00
TH P88 ne LRSI of BE-Shl drshbr B0 piisda T (Baai | &lude [ ¢ Pt | 2028
i AREBAL - Tablp P42 ESBORT 1 H035E 0057 L I Ledeh | 3552 | 246

astHenppts—for-CA—100i-n—Hydrogenr—Petoxi-deR353WOJ2
2 hour Sample 2a 092.04 | 52344 | 728188 [ 147.24 |  81.96 | 48.72 30.12 | 20.64

2 hour Sample 2b 03144 | 478.08 | 312.12 | 260.04 | 152.16 | 86.04 48.72 | 31.56

average 961.74 | 500.76 297 | 203.64 | 117.06 | 67.38 3942 | 26.1

4 hour Sample 4a 084.24 | 48744 | 327.36 | 204.6 | 12948 80.4 50.4 | 30.96

4 hour Sample4b | 1013.76 | 547.2 | 335.88 | 199.2 115.2 66.6 41.16 27

average 999 | 517.32 | 331.62 [ 2019 | 122.34 73.5 45.78 | 28.98

Average Summary

0 15 30 45 60 75 90 105
0 hour 049.8 | 461.28 | 289.92 [ 176.52 | 105.66 | 77.22 56.94 [ 483
1 hour 08142 [ 534.06 | 316.32 | 200.52 | 109.44 56.7 3552 | 246
2 hour 961.74 | 500.76 297 | 203.64 | 117.06 | 67.38 3942 | 26.1
4 hour 999 | 517.32 | 331.62 [ 2019 | 122.34 73.5 45.78 | 28.98

Example 7 shows that ASC Super G is stable at 60 °C over time because even
after being in a hot water bath for four hours, it is still capable of decreasing the
concentration of hydrogen peroxide.

Example 8

Example 8 determined the temperature stability of ASC Super G catalase in the
presence of 20,000 ppm acetic acid. For this example, a S000 ppm sample of ASC
Super G along with 20000 ppm acetic acid was placed in a small glass vial and placed
in a water bath at 60 °C. Samples of the ASC Super G were removed from the water

bath and placed in an ice water bath after certain exposure times. After the ice water
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Tabl e 13 - Adj usted Spectrophot oneter Measurenents for
CA- 100 Table 14 -Hydrogen Peroxide Concentration (ppm

WORa/128849.00 Over Ti me2353W0U2 Exanpl e 6 showsPE@TiER2009/051610

10

CA-100 is stable at 60 OC in the presence of 20,000

ppm acetic acid because even after being in a hot

wat er bath for four hours, it is still capable of

decreasi ng the concentrati on of hydrogen peroxide.

Exanple 7 Exanple 7 determ ned the tenperature 2353WOU2
stability of the ASC Super G catal ase. For this

exanpl e, a 5000 ppm sanpl e of ASC Super G was pl aced

in a smll glass vial and placed in a water bath at 60

0C. Sanples of the ASC Super G were renoved fromthe

Wa@ﬂ tlpsastaﬁl ?enxgasptls ngejgairﬂt r(')g%ﬁ Wk Rl PRfoth @@ggjﬁture ]I'I]’l aUV-

certain exposure ti er the 1ce water

aVﬁ srpa%lya 5 h%t%%e?er E%II %orlly drngg psgrrnofé o(ilgl% eé%%tgg {H distilled

s éc Fio oma er

or2mntes eofthe%g))( In disti H
wal BF" Wis?'s 98 ‘i‘wsa %Wé%PFBPaée ) }i’frsé’ﬁ%{’foé’ OtPB]Ftef ¥ pipeting 3
spect rophotorreter by pi of a stock solution
of Mhyfdy Sedriopeirp el %D@W%?P@%?Xidedﬁﬁ%@ lem i Lfipaiyastz cuvette. 250
cuvette. 250 mcroliters of the catal ase solution was
addiseoliters phée ytdlaggintivargiaddeddetha hygrogeriperoxide solution. The
spect rophot onet er took neasurenents at 15 second
i ntpectvphstoniflre tockvungrsurbmests ar 5 showninicrvalsalhe 1 nuifihes are
adj usted nunbers (raw catal ase in hydrogen

shown in Table 18. The adjusted numbers (raw catalase in hydrogen peroxide numbers

— distilled water control) are shown in Table 19. The spectrophotometer measurements
were converted into hydrogen peroxide concentration. The concentration of hydrogen
peroxide (ppm) over time in shown in Table 20.

Table 18 -- Spectrophotometer Measurements for ASC Super G in Hydrogen Peroxide

Catalase Spectrophotometer Measurements Over Time (Seconds)

Treatment 0 15 30 45 60 75 90 105
Ohr | SampleOa [ 1.1722 | 0.8785 | 0.6452 | 04711 | 03612 | 0.2926 | 0.2532 | 0.2347
Ohr | Sample Ob [ 1.144 0.869 [ 0.6519 0483 | 03673 | 0.2946 0.24 0.211
1hr | Sample 1a | 1.1493 | 0.8613 | 0.6326 | 04619 | 0.3542 | 0.2869 | 0.2483 | 0.2301
1hr | Sample 1b | 1.1216 | 0.8528 | 0.6392 | 04736 | 0.3601 | 0.2889 0.236 [ 0.2077
2hr | Sample 2a | 1.1432 0.892 [ 0.6904 | 0.5384 | 04112 [ 0.3292 | 0.2765 0.241
2hr | Sample2b [ 1.1536 | 0.8931 | 0.6885 [ 0.5201 | 0.4302 | 0.3277 | 0.2654 | 0.2217
4hr | Sample4a | 1.1361 | 0.8821 | 0.6816 0.545 | 04524 | 03902 | 0.3492 | 0.3295
4hr | Sample4b | 1.1187 | 0.8516 0.633 [ 0.4736 0364 [ 0.2861 | 0.2325| 0.1972
Distilled Water Control

0hr 0.1024
1hr 0.1024
2 hr 0.1024
4 hr 0.1024
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per oxi de nunbers - distilled water control) are shown

in Table 16. The spectrophot oneter neasurenents were
w@mwwaesoed i nt o hydrogen peroxi de concentrati OPCEHEB2009/051610

exanpl e 3. The concentration of hydrogen peroxide

(ppm over time in shown in Table 17.2353W0U2 Tabl e 15

- Spectrophot onet er Measurenents for ASC Super Gin

Hydr ogen Peroxi de Tabl e 16- Adj usted Spectrophot onet er

Measurenents for ASC Super &353WOU2 Table 17 2353WOU2

- Hydr ogen Per oxi de Concentration (ppm w th ASC Super

G Over Tine Exanple 7 shows that ASC Super Gis stable

at 60 OC over tine because even after being in a hot

wat er bath for four hours, it is still capable of

depfigasd No & CHIECIHD Rt Mias(HAERIER KT QX i@

Exanpl e 8 ganpf%éS (g}gterr% né\g atSlllife terrperatur%(ée

sty it el ASC Supet_G cata 1 e-presence of

20, 066 i scdti-cproi o i M s T, T i

S T‘fl'r“.‘ifa'réml’é‘?ai’ THR | 077 JB%@Z@’! 036671 B s sR A LG G S 0.1323

ba it ol Sampte pon [V QA16 | (.7080, [0 3493 ‘b‘éﬁé%'c.”.g.ﬁééfé‘tf’i%lézi Z 013767, 0.1086

T RO AN o35 T T S

af tlilll: - Fl?g;jlh e]"fuégs (17504 ﬂSiﬁ% RBI12, D'ﬁéeﬁi A 1865 | 0.1336 | 0.1053

a2 2igXmbiegis AP TUAR0 LUt QA0 | DAUREG T HAa8 e 01741 | 0.13%6

b e PSP et e (0B Dl 0ALT e IO Dgoml s 0.163 L 0.1193
Ahr o] Sample 4a | 1.0337 | 0.7797 | 057921 0:4426 | 0.35 | 02878 | 0.2468 | 0.2271
4br | Sample4b | 1.0163 | 0.7492 | 0.5306 [ 03712 | 02616 | 0.1837 [ 0.1301 [ 0.0948

Table 20 -- Hydrogen Peroxide Concentration (ppm) with ASC Super G Over Time

Catalase Hydrogen Peroxide Concentration (ppm) Over Time (Seconds)

Treatment 0 15 30 45 60 75 90 105
Ohr | Sample Oa | 1283.76 | 931.32 | 651.36 | 44244 | 310.56 | 228.24 180.96 | 158.76
Ohr | Sample Ob | 1249.92 |1 919.92 | 6594 | 456.72 | 317.88 | 230.64 165.12 | 130.32
Avg 1266.84 | 925.62 [ 65538 | 449.58 | 31422 | 22944 173.04 | 144.54
1hr [ Sample 1a | 1256.28 | 910.68 | 636.24 4314 302.16 2214 175.08 | 153.24
1hr | Sample 1b | 1223.04 | 90048 | 644.16 | 445.44 | 309.24 223.8 160.32 | 126.36
Avg 1239.66 | 905.58 | 640.2 | 438.42 305.7 222.6 167.7 | 139.8
2hr | Sample 2a | 1248.96 | 947.52 | 705.6 5232 | 370.56 | 272.16 208.92 | 166.32
2hr | Sample 2b | 1261.44 | 948.84 | 703.32 [ 501.24 | 393.36 | 270.36 195.6 | 143.16
Avg 1255.2 | 948.18 | 70446 | 512.22 | 381.96 [ 271.26 202.26 | 154.74
4hr | Sample4a | 1240.44 | 935.64 | 695.04 | 531.12 420 | 345.36 296.16 | 272.52
4hr | Sample4b | 1219.56 | 899.04 | 636.72 | 44544 | 31392 | 22044 156.12 | 113.76
Avg 1230 | 917.34 | 665.88 | 488.28 | 366.96 282.9 226.14 | 193.14
Average Summary
0hr 1266.84 | 926.62 [ 65538 | 449.58 | 31422 | 22944 173.04 | 144.54
1hr 1239.66 | 905.58 | 640.2 | 438.42 305.7 222.6 167.7 | 139.8
2hr 1255.2 1 948.18 | 70446 | 51222 | 381.96 | 271.26 202.26 | 154.74
4 hr 1230 | 917.34 | 665.88 | 488.28 | 366.96 282.9 226.14 | 193.14

Example 8 shows that ASC Super G is stable at 60 °C in the presence of 20,000

ppm acetic acid because even after being in a hot water bath for four hours, it is still

capable of decreasing the concentration of hydrogen peroxide.
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spectrophotoneter at 240 nmfor 2 mnutes. A sanple of
the enzyne in distilled water was al so run. The sanple

woepesepar ed for the spectrophotoneter by pi pe€T/RI®/051610

10

15

20

m of a stock solution of hydrogen peroxide into a 1

cmx 1 cmquartz cuvette. 250 microliters of the

cat al ase solution was added to the hydrogen peroxide

sol ution. The spectrophotoneter took neasurenents at

15 second intervals. The raw nunbers are shown in 5353w0oU2
Tabl e 18. The adjusted nunbers (raw catal ase in

hydr ogen peroxi de nunbers - distilled water control)

are shown in Table 19. The spectrophotoneter

measurenents were converted i nto hydrogen peroxide

CORGRRMIEat i on. The concentration of hydrogen peroxide
(ppﬂ%ﬂ%VEr time in shown in Table 20. Table 18

o g ?e?x?&eef%&%fﬁﬁ%‘zﬁﬁcasf Seq&%}maf\?%m#lpﬁb\ bfeatatase
S : ASC S
2045 AP B BB PbK oL KSaiCer: Pt P BBy %ﬁ%@me stock

Super G Over Tine Exanple 8 shows that ASC Su
st SQB}U@néNaS errpaed; A R%@%?%@H@éﬁ Bis Jgy, memrfﬁpwﬁlah & %hfd 13.5%
aci d because even after being in a hot water bath for
f orprachberad, li088f/shysirpgen p@wélgﬂ andof3. e pestis japid. tTheperacid
concentration of hydrogen peroxide. 2353W0U2 Exanple 9
Ex@mpdngra@ westd@luradrie tortohees obftfos otithofbosetlde ppimaleradidd adidn
of CA-100 cat al ase

Additional glacial acetic acid was added to the diluted solution to bring the total acetic

acid concentration to 20,000 ppm.

To test the effect of sequential addition, 1 ml of the enzyme stock solution (100
ppm enzyme) was added to 1000 ml of the diluted peracid solution. The enzyme and
peracid solution was put into a water bath at 50 °C and stirred with a magnetic stirrer.
The solution was titrated for peracetic acid and hydrogen peroxide using an iodometric
titration with 0.1N sodium thiosulfate. After 30 minutes, another 1 ml of the enzyme
stock solution (100 ppm enzyme for a total of 200 ppm enzyme) was added to the
diluted peracid solution and titrated again.

To test the effect of bulk addition, 2 ml of the enzyme stock solution(200 ppm
enzyme) was added to 1000 ml of the diluted peracid solution. The enzyme and peracid
solution was put into a water bath at 50 °C and stirred with a magnetic stirrer. The
solution was titrated for peracetic acid and hydrogen peroxide using an iodometric

titration with 0.1N sodium thiosulfate.
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versus bul k addition of CA-100 catal ase. For this
exanple a 10 wt. % enzyne stock sol ution was prepared.

wov@enzsoud concentrate was al so prepared whi chP@TtB200e$1610

10

13. 5% peracetic acid, 10.88% hydrogen peroxi de, and
23. 15% acetic acid. The peracid concentrate was
diluted to forma solution with about 3000 ppm
peracetic acid. Additional glacial acetic acid was
added to the diluted solution to bring the total
acetic acid concentration to 20,000 ppm To test the
effect of sequential addition, 1 m of the enzyne
stock solution (100 ppm enzyrre) was added to 1000 m

of the diluted peracid solution. The enzyne and

2353wWOU2

PErAfl £ SALHldnfR A@oﬁumfzrﬂwfﬁuy%er bath at 50 0C
and st rred rmgnetl c stirfer. The soluti on vas
|
LI "Iles?#l -- Acllcf‘)tl,g)n [‘)’fcl lér?z"yllpe tock@‘l‘uud”u. 1IZULU9?,” IJEI oxide
St =} ' Ul I At CIT U TN SU LTT
t In JI.Mlﬁ'l at ?(%A‘tﬁrit}on% -t z%mraé%t her fpr.ﬁ‘;bg? tHeLpm 1202
2
enzytre—stock S"é tt+or—(100 pg%‘s efrzyrg—for ?got ot-aH—of 22
2006 %p.. er‘.zyr."e%,'i was—adged tozi'jﬂ.e aditted Bz%gaci d 2328
sa ullsi of—and té‘sljr atet—pgah- .22',? test—the 3'23'06Ct af 5380
bHk——adgttion—2m—ofthe e“Life stgek—sgrbti-en{200
ppm-Enzime) wak added to 100823 of tlhe difflted 2380
q id s ion he en ner aci j
Dt pSeaon B i G B St i -
ghige] o stPOAAdifratiorhe 5o JR2OBATAHES ¢t r RPBHOLHY ppm H202
peraletic acidand hydrogen ge?axide lusing?RAn 2380
i adofetric 8.5 16.1 3230 1292
10 8.5 14 3230 935
15 8.5 12.85 3230 739.5
30 8.5 11.75 3230 5525
Table 22 -- Bulk Addition of 2 ml of Enzyme
Time POAA titration H202 titration ppm POAA ppm H202
0 8.4 23.1 3192 2499
5 8.4 14.6 3192 1054
10 8.4 12.1 3192 629
15 8.4 11.3 3192 493
30 8.4 10.25 3192 314.5
60 8.3 9.1 3154 136

Example 9 shows that in the case of CA-100 bulk addition is better at decreasing
the hydrogen peroxide concentration than sequential addition because the bulk addition
decreased the hydrogen peroxide concentration to 136 ppm compared to the 552.5 ppm
of the sequential addition.

Example 10

Example 10 determined the effect of sequential addition of CA-400 catalase

versus bulk addition of CA-400 catalase. For this example a 2 wt.% enzyme stock

solution was prepared. A peracid concentrate was also prepared the included 13.5%
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titration with 0.1N sodiumthiosul fate. 2353W0U2 Tabl e
2 1-Sequential Addition of 2 m of Enzyne Table 22

wo Bwbk2sbddi tion of 2 ml of Enzynme Exanpl e 9 she@mIB20¢0/051610

5

10

15

in the case of CA-100 bulk addition is better at

decreasi ng the hydrogen peroxide concentration than
sequential addition because the bul k addition

decreased the hydrogen peroxi de concentration to 136

ppm conpared to the 552.5 ppm of the sequenti al 2353WOU2
addi tion. Exanple 10 Exanple 10 determ ned the effect

of sequential addition of CA-400 catal ase versus bul k
addi ti on of CA-400 catal ase. For this exanple a 2 mt.%
enzyme stock solution was prepared. A peracid

L T R

peroxide. and.23.,15% acetic. aci.d. e peracid . s
ConRan e B BES A B PR AR, g pgtions

pp racetic acid.. Addjtional glacial .acetic acid wa

P bE s e bt 0RO e Rl Beudabitete 258
acetic acid concentration to 20,000 ppm To test the

ef BetUZHO AYOIPRM- addi tion, 2 m of the enzyne

stock solution (40 ppm enzyne) was added to 1000 m of
the di It et toetit of sstapibAddIipne el the cafyne stock solution (40

ppm enzyme) was added to 1000 ml of the diluted peracid solution. The enzyme and
peracid solution was put into a water bath at 50 °C and stirred with a magnetic stirrer.
The solution was titrated for peracetic acid and hydrogen peroxide using an iodometric
titration with 0.1N sodium thiosulfate. After 30 minutes, another 2 ml of the enzyme
stock solution (40 ppm enzyme for a total of 80 ppm enzyme) was added to the diluted
peracid solution and titrated again.

To test the effect of bulk addition, 4 ml of the enzyme stock solution (80 ppm
enzyme) was added to 1000 ml of the diluted peracid solution. The enzyme and peracid
solution was put into a water bath at 50 °C and stirred with a magnetic stirrer. The
solution was titrated for peracetic acid and hydrogen peroxide using an iodometric

titration with 0.1N sodium thiosulfate.
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peraci d solution was put into a water bath at 50 0C
and stirred with a nagnetic stirrer. The sol ution was

W@ paopaessdd f or peracetic acid and hydrogen per oRCTEB2009/051610

10

using an iodonetric titration with 0.1N sodi um

thiosulfate. After 30 m nutes, another 2 m of the

enzynme stock solution (40 ppmenzyne for a total of 80

ppm enzynme) was added to the diluted peracid sol ution

and titrated again. To test the effect of bulk

addition, 4 m of the enzynme stock solution (80 ppm2353WOU2
enzyne) was added to 1000 m of the diluted peracid
sol ution. The enzynme and peracid solution was put into
a water bath at 50 OC and stirred with a magnetic

st » u ' for peracetic acid
an%gbgce%ar o-gggﬁu%g%loéc?cggbnn@?n%ﬂ %f:]ﬁfzg gmet ric titration
5 TR M0 T o R

B g gL POAA o oy - LHIED iy Oy il PP POAR s | R H202
in tgp ase nf8 Q‘A- 400 mar1||nar;-)ty3i4 | nddl ti nn32Q8 hpttpr 2;51245
decr @asj ng t hed-bydrogen perok¥-de condentrdi®®n than 1615
bul kl0addi ti on %ecause | he setfubnti al |addi B2@n 1360
decrldased t he & dr ogen| per oxisl® concentrafl@n to[1021173
ppm3onpar ed tpot he 544 ppm 05.3t he bul k adekg i on. 1139
Exanple 11

Test #2 -- Second addition of 2 ml enzyme stock solution

Time POAA titration H202 titration ppm POAA ppm H202
0 8.6 15.3 3268 1139
5 8.6 11.8 3268 544
10 8.6 10.5 3268 323
15 8.6 9.8 3268 204
30 8.6 9.2 3268 102

Table 24 -- Bulk Addition of 4 ml of Enzyme

Time POAA titration H202 titration ppm POAA ppm H202
0 8.5 23.1 3230 2482
5 8.5 17.1 3230 1462
10 8.5 15.9 3230 1258
15 8.5 14.8 3230 1071
30 8.5 13.5 3230 850
60 8.5 11.7 3230 544

Example 10 shows that in the case of CA-400 sequential addition is better at
decreasing the hydrogen peroxide concentration than bulk addition because the
sequential addition decreased the hydrogen peroxide concentration to 102 ppm
compared to the 544 ppm of the bulk addition.

Example 11
Example 11 determined the effect of sequential addition of ASC Super G

catalase versus bulk addition of ASC Super G catalase. For this example a 10 wt.%
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Exanpl e 11 determ ned the effect of sequenti al
addi tion of ASC Super G catal ase versus bul k addition

W@R0083BoBuUper G catal ase. For this exanpl e a 1BCT/1B2009/051610

10

15

w . %2353W0U2 enzyne stock solution was prepared. A

peraci d concentrate was al so prepared the included

13. 5% peracetic acid, 10.88% hydrogen peroxi de, and

23. 15% acetic acid. The peracid concentrate was

diluted to forma solution with 3000 ppm peracetic

acid. Additional glacial acetic acid was added to tﬁ353WOU2
diluted solution to bring the total acetic acid
concentration to 20,000 ppm To test the effect of
sequential addition, 1 m of the enzyme stock sol ution

(199 IBQ gﬂoglf'gélﬁﬁzan W r@ﬂ%ge%d A Per (39 Qoﬂyen@ege algcl) % i)ﬁgd the

per a id solution e enzyma and peracl Ut I on was
| At ter bath (? Gand sti.nred
man%hel P 138?0ylv%eracet1 01e SOF&? rogen p?r())tuldea,taélg\ﬁ? 9% acetic acid.

acetic. acid and hq%r en.peroxide usin o
LR i Ufe% % f@m SHH Gt %%Oﬁmm il
After 30 m nutes, another 1
sofdditionl glf@l@l %ﬁﬂ‘f &9 Vit ac}dgfl t%thts gthélled é?lll@%toé)ﬁ]ﬁlg the total acetic
enzyne) was added to the diluted peracid solution and
ti QCF%Q@GGI&@IQPWO APt he ef fect of bul k addition, 2
m of the enzyne stock solution (200 ppm enzyne) was
added tIp @900 effecodl scheendil adtdgwnpbmhof dhe sodymia stork sthuigon (100
enzyme and peracid solution was put into a water bath
at ppdedgmand asidded ed1 000t & tnadgivedd er&id sal@fon. The enzyme and
peracid solution was put into a water bath at 50 °C and stirred with a magnetic stirrer.
The solution was titrated for peracetic acid and hydrogen peroxide using an iodometric
titration with 0.1N sodium thiosulfate. After 30 minutes, another 1 ml of the enzyme
stock solution (100 ppm enzyme for a total of 200 ppm enzyme) was added to the
diluted peracid solution and titrated again.
To test the effect of bulk addition, 2 ml of the enzyme stock solution (200 ppm
enzyme) was added to 1000 ml of the diluted peracid solution. The enzyme and peracid
solution was put into a water bath at 50 °C and stirred with a magnetic stirrer. The

solution was titrated for peracetic acid and hydrogen peroxide using an iodometric

titration with 0.1N sodium thiosulfate.
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solution was titrated for peracetic acid and hydrogen
peroxi de using an iodonetric titration with 0. 1N

W@ owouzaoshi osul f at e. 2353WOU2 Tabl e 25 - Sequent PEI/IB2009/051610

Addition of 2 m of Enzyne Table 26-Bul k Addition of 2

m of Enzyme Exanple 11 shows that in the case of ASC

Super G sequential addition is better at decreasing

t he hydrogen peroxi de concentration than bul k addition

because the sequential addition decreased the hydrog$ﬂ“VOU2

per oxi de concentration to 170 ppm conpared to the 1

ppm of the bul k addition. 2353W0U2 Exanple 12 Exanple

12 determ ned the effect of sequential addition of ASC

Super 200 catal ase versus bul k addition of ASC Super

2 abﬁf@ﬁﬁa—l—%\% enFerAcicﬂléh &)%HPJ)@E;% CO . % enzyme stock
-

ution wa prepared A per aci ncentrate was aI o)

PTepae 00 ol % Sper et act o _t0-60%
conbimey [ PDAA fixatign, ﬁ;';ra 2 2 LIAGn o T lpﬁm EQ&A 39“@gm°H2O2
ppm Bpr acetic :grﬁ d.__Addi ti nnr-2|3 4r§l acia nm:o%2|39 aci /@415
addedl t§ the didtuted sol ution?9® bring t hé286t al 2108
ageti®c acid cofientratipn to 20, 000 ppm T330Pest |t he 1955

efffekd of sequé@tial addition]9.2 m of the&28bzyne 1870

;—)

(l) q
-+ (

stjociO sol uti ong(#40 19 3230 1785
Test #2 -- Second addition of 1 ml enzyme stock solution
Time POAA titration H202 titration ppm POAA ppm H202
0 8.5 19 3230 1785
5 8.5 14.8 3230 1071
10 8.5 11.8 3230 561
15 8.5 10.4 3230 323
30 8.5 9.5 3230 170

Table 26 -- Bulk Addition of 2 ml of Enzyme

Time POAA titration H202 titration ppm POAA ppm H202
0 8.45 22.75 3211 2431
5 8.4 13.55 3192 875.5
10 8.4 11.7 3192 561
15 8.4 11.05 3192 450.5
30 8.4 10.3 3192 323
60 8.4 9.5 3192 187

Example 11 shows that in the case of ASC Super G sequential addition is better
at decreasing the hydrogen peroxide concentration than bulk addition because the
sequential addition decreased the hydrogen peroxide concentration to 170 ppm

compared to the 187 ppm of the bulk addition.
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ppm enzynme) was added to 1000 ml of the diluted
peracid solution. The enzynme and peracid sol uti on was

w@eioieaod® a water bath at 50 OC and stirred w BEI/EB2009/051610

10

15

20

magnetic stirrer. The solution was titrated for

peracetic acid and hydrogen peroxide using an

iodonmetric titration wth 0.1N sodi umthiosulfate.

After 30 m nutes, another 2 nl of the enzyme stock

solution (40 ppmenzyne for a total of 80 ppm enzyms}sawouz
was added to the diluted peracid solution and titrate
again. To test the effect of bulk addition, 4 nml of

the enzyne stock solution (80 ppm enzyne) was added to

1000 M of the diluted peracid solution. The enzyne

angyResigghd sol ution was put into a water bath at 50
OCféﬁgéST?rred wWith a magnetic stirrer. The sol ution

was Ui e e, {08 REEAGSRL Graeh L ANd riaasn AR 200

using an | ric ration

t hi osul fate. 2353 T 27 - uent i Addition o

o SafTe VB R At o oSt 2B G A HER B2 W%
| evel up to nore reasonabl e concentration for second
enZYHBC 8@ 1qlgHP T REcrpged. /BRETRCIAGRRCENEHE §ps dlserprepgred the
Enzyme Exanple 12 shows that in the case of ASC Super
200clgdesllent % abragetidi acido h0- 87 hedtogen peroxideraad g Ag%tasetic acid.
hydr ogen peroxi de concentration than bul k addition
betlmyseacichepncentrate was diluted to form a solution with 3000 ppm peracetic acid.

Additional glacial acetic acid was added to the diluted solution to bring the total acetic
acid concentration to 20,000 ppm.

To test the effect of sequential addition, 2 ml of the enzyme stock solution (40
ppm enzyme) was added to 1000 ml of the diluted peracid solution. The enzyme and
peracid solution was put into a water bath at 50 °C and stirred with a magnetic stirrer.
The solution was titrated for peracetic acid and hydrogen peroxide using an iodometric
titration with 0.1N sodium thiosulfate. After 30 minutes, another 2 ml of the enzyme
stock solution (40 ppm enzyme for a total of 80 ppm enzyme) was added to the diluted
peracid solution and titrated again.

To test the effect of bulk addition, 4 ml of the enzyme stock solution (80 ppm
enzyme) was added to 1000 ml of the diluted peracid solution. The enzyme and peracid
solution was put into a water bath at 50 °C and stirred with a magnetic stirrer. The
solution was titrated for peracetic acid and hydrogen peroxide using an iodometric

titration with 0.1N sodium thiosulfate.

53



sequenti al addition decreased the hydrogen peroxide

concentration to O ppm conpared to the 187 ppm of the
whedor/1289dd t i on even with the addition of addi t POHEB2009/051610

H2Q2 to the solution prior to the second addition of

enzynme. 2353W0U2 Exanpl e 13 Exanple 13 provides a

contrast between how a conventional equilibrium

peracid chem stry perforns as an antimn crobia

relative to that sane chemistry with the addition obhis3worn

t he ASC super 200 catal ase described in the exanples

outlined above. The test solutions outlined bel ow were

made up to a concentration of 2000 ppm active peracid

fromthe 13.5% peracid concentrate outlined in exanple

9. 1M PHP_ %?énhgl%&di@&né S Sokdlingn was treated with

0. 25g of ASC super 200. The remafning sol ution was

+ + | Do+ L £ + L ] 4+ L + | + O
R T T 7 O R AR A A A
C. } eent—SPpo ﬁ.}s YWetre—eStea ga+1S

H Be 1A how-dactP P PAdscil ofRm H202
ed chOsol ution SA%Q overl vari ogdd per i ods of 3%¥ht act 2550
tilmed Thble 2.3 Test Solutil®n® Table 30 323k fj cgcy 1232.5
Adailfst | Baci | 1848 cereus BC898@32353WDU2 Takbie 3 841.5
1-Efff5Si cacy Agdi.hist Bacj ||l us 1h@ri ngensis AX0C 10792 629
30 8.5 10.9 3230 408

e*éﬁﬁﬁg ?@é@%ﬂgﬁpn*?gnsﬁgg

Test #2 -- Second addition of 1 ml enzyme stock solution*

Time POAA titration H202 titration ppm POAA ppm H202
0 8.5 18.7 3230 1734
5 8.5 9.4 3230 153
10 8.5 8.55 3230 8.5
15 8.5 8.5 3230 0
30 8.5 8.5 3230 0

*Note: added ~ 1000 ppm H202 to bring level up to more reasonable concentration for

second enzyme addition

Table 28 -- Bulk Addition of 2 ml of Enzyme

Time POAA titration H202 titration ppm POAA ppm H202
0 8.5 22.85 3230 2439.5
5 8.5 13.9 3230 918
10 8.5 12.2 3230 629
15 8.5 11.05 3230 433.5
30 8.5 10.4 3230 323
60 8.5 9.6 3230 187

Example 12 shows that in the case of ASC Super 200 sequential addition is
better at decreasing the hydrogen peroxide concentration than bulk addition because the
sequential addition decreased the hydrogen peroxide concentration to O ppm compared
to the 187 ppm of the bulk addition even with the addition of additional H202 to the

10 solution prior to the second addition of enzyme.
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Table 32 -Efficacy Against Bacillus thuringensis ATCC
33679 The result clearly show the positive inpact of

W@ b@azseitd ned cat al ase peraci d conposition rel BETAB2009051610

5

10

the native POAA solution. Exanple 14 A second key

feature of this technology is its ability to neet the

ef fi cacy requirenents for aseptic packagi ng

applications at reduced tenperatures. The test

requirenents in this case related to a carrier testg3s3woun
The carrier test entails drying an innocul um of spores

down onto a small cylindrical carrier. These carriers
are2353W0U2 then placed into a test solution of
antimcrobial for a set period of tinme. They are then

reﬁ&\{éﬂr%?om the solution, neutralized and dropped in
o0 a set of nutrl ent containing growh tubes.

g omg e)%afnp?ecﬁ ro¥1%ﬁ1a COéltr { bep T h%ﬁ%ec%n\llentlgilzﬁﬁmy{)rugn peracid

Ircac erg ent
uagjg d)e QPI{}\%%Sl a%%ghw&%&%tlg tloLtl]Pz}t 85{9&?]}6%{%%{& glth the addltlon
addition of th nzynme. Test conditions were

se%fdméSGfSU%%xaeg e%téla%eodeﬁw@eéh%mewrppw ?lﬁhleqﬁieabove
chem stry being held @0 or 60 OC. Table 33 -Effi cacgl
Agai nstThe)tes selpigensrpudined bgleweseramad: gpBy concentration of Z000 ppm

active peracid from the 13.5% peracid concentrate outlined in example 9.

A 500 ml aliquot of this solution was treated with 0.25g of ASC super 200. The
remaining solution was untreated.

Both of these solutions were heated to 50° C. Three different spore crops were
tested against each of these solutions to show how each efficacious each solution was
over various periods of contact time.

Table 29 -- Test Solutions

Test Concentration Grams of Test Substance Diluent Amount of
Substan Diluent
ce
POAA | 2000 ppm 14.8 ¢ T100 POAA 500 ppm Hard Water | To 1000 mL
POAA
Peracid | 2000 ppm 500 g of POAA solution NA NA
plus POAA 0.25 g ASC super 200
catalase catalase

Table 30 -- Efficacy Against Bacillus cereus BC896CB

Test Exposure Trial 1 Trial 2 Average Log Percent
Substance Time Survivors Survivors Survivors Reduction | Reduction
(CFU/mL) (CFU/mL) (CFU/mL)
Peracid alone| 10 sec 22x10° 23x10° 22x10° 0.41 61.207
30 sec 8.5 x 10 7.5x 10" 8.0x 10 0.86 86.207
1 min 1.9 x 10 1.5 x 10° 1.7 x 10° 1.53 97.069
2 min 1.1x10° 23x10° 1.7x10° 2.53 99.707
Peracid plus | 10 sec <10 <10 <10 >4.76 >99.998
catalase 30 sec <10 <10 <10 >4.76 >09.998
1 min <10 <10 <10 >4.76 >99.998
2 min <10 <10 <10 >4.76 >99.998
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Passing for this test is 60/60. These result show the
advant age of inclusion of the catalase for this

wappbizsasd on. Exanpl e 15 Exanpl e 15 shows t he PCT/IB2009/051610

10

accurul ati on of hydrogen peroxide over tine with a

wi t hout catal ase. For this exanple, 3000 and 6000 ppm
sol utions of peroxyacetic acid were made from a
commercially avail abl e peracid concentrate containing
about 10% POAA and about 10% hydrogen per oxi de. The§§iﬂVOU2
solutions were split. Half treated wth the ASC super

G cat al ase enzyne and the other half was |eft
untreat ed. Bot h2353WOU2 sol utions were placed in a 60
C water bath and were nonitored for changes in

per oxi de concentration over tine. Table 34 outlines

t he results of this experinent. Exanples 34a and 34b
anaab§4 E%Pc N g%%teﬁaﬁ?us? zirg %%'zs“é*reﬁ 1O%I’rp| es 34c

rep res 0S€ sane cid solutions treated
1

A ~At r\l Ao Anzvunnm nft Ay h nnpAacLy nrmni- Fal

& 4
I'estS‘ Stance. ] Fxposure 7 | Iriakl . -~ [Tral2, RSt et et
brl ng %bﬁe per fae” | eé{lgvﬁo};so 0 j-la l 3?1 'E%%rr‘p %ﬁuﬁ%ﬁ Reducti
arld 34b show|the nat L{bgﬂl},m@pcur@ﬂm)on (@? Ay oXi at,,
f QTE. QWS E T U100 Of [a PElaci 0 GQREeNtral €10’ EXQURE €S | 79.286
34c and 34d ghoW.ThalsSame el ectoW The.& 10° 201 99.021
1 min <10 1x 10! <10 >3.85 >99.986
2 min <10 2x 10" <1.5x 10" >3.67 >99.979
Peracid plus 10 sec <10 <10 <10 >3.85 >99.986
catalase 30 sec 8 x 10 <10 45x 10" >3.19 >99.936
1 min <10 <10 <10 >3.85 >99.986
2 min <10 <10 <10 >3.85 >99.986

Table 32 -- Efficacy Against Bacillus thuringensis ATCC 33679

Test Substance Exposure | Trial 1 Trial 2 Average Log Percent

Time Survivors Survivors Survivors Reduction | Reducti
(CFU/mL) (CFU/ml.) (CFU/mlL) on

Peracid alone 10 sec 2.0x 10° 1.2x 10* 1.6 x 10* 0.64 77.143

30 sec 2x 10’ 6x 10! 4.0x 10 3.24 99.943

1 min 7x10° <10 <3.5x 10’ 1.30 94.993
2 min <10 <10 <10 >3.85 >99.986
Peracid plus 10 sec 1.9x 10 <10 <100 >2.85 >99.857
catalase 30 sec <10 <10 <10 >3.85 >99.986
1 min <10 <10 <10 >3.85 >99.986
2 min <10 <10 <10 >3.85 >99.986

The result clearly show the positive impact of the combined catalase peracid
composition relative to the native POAA solution.
Example 14

A second key feature of this technology is its ability to meet the efficacy
requirements for aseptic packaging applications at reduced temperatures.

The test requirements in this case related to a carrier test. The carrier test entails

drying an innoculum of spores down onto a small cylindrical carrier. These carriers are
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peracid solution that has had all of the peroxide
el imnated through catalytic reaction. These results

waleronsiosat e that the preferred range of per oxPOBIBE/051610

10

15

peraci d can only be naintai ned when conbined with the
addi tion of catal ase enzyne. Definitions For the
follow ng defined terns, these definitions shall be
applied, unless a different definition is given in the
claims or el sewhere in this specification. Al numers&woun
values are herein assunmed to be nodified by the term
"about," whether or not explicitly indicated. The term
" about " generally refers to a range of nunbers that
one of skill in the art would consider equivalent to
t hed flﬁ&édelgto\ﬁatlséf @ol)(lhol?of a%?lﬁf%é@%fgl Ry %eﬁﬁﬁoﬁﬁﬂ@ They are then
function or resul I n many I nstances
n:rg?%é)tg d tgclt)a tI ne (h: aﬂfel ?e%ﬁ%’lfzee% ag\%gr%)%)ec? 1nrs(e)rli|ensd1%% I%t ofh I%utrllaent
% and are non
t h%q%taﬂra%%%wﬁf&“ﬂss R B o it B %Euaﬁ% Agdehiyg of the
ht of that substance divided by the weight of the
dﬁ%ﬁ@yp HW‘EH%g%%Itlplled by 100. The recitation of
nunerical ranges by endpoints includes all nunbers
subsunehisgxanipte tested a Mfﬁg@% golgtionoftPe) AA frgetpdiprets ~1100 ppm ASC
1.5, 2, 2.75, 3, 3.80, 4 and 5). As used in this
s priperf 300as meH aaficit sdne soppiendeathool aiditen of bhes sizayguel diest
forns "a,"
conditions were 19 seconds of exposure to the chemistry with the chemistry being held

@ 50 or 60 °C.

Table 33 -- Efficacy Against Clostridium sporogenes ATCC 3584

Test Substance Concentration of | Exposure Temp # 1° Negative # 2° Negative
POAA °C) Tubes/ Tubes/
# 1° Tubes Tested # 2° Tubes
Tested
Peracid plus 3000 ppm 50 60/60 60/60
ASC Super 200
Peracid plus 3000 ppm 60 60/60 60/60
ASC Super 200
Peracid 3000 ppm 55 57/60 57/60
Peracid 3000 ppm 60 59/60 59/60

Passing for this test is 60/60. These result show the advantage of inclusion of
the catalase for this application.
Example 15

Example 15 shows the accumulation of hydrogen peroxide over time with a
without catalase. For this example, 3000 and 6000 ppm solutions of peroxyacetic acid
were made from a commercially available peracid concentrate containing about 10%
POAA and about 10% hydrogen peroxide. These solutions were split. Half treated

with the ASC super G catalase enzyme and the other half was left untreated. Both
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"an," and "the" include plural referents unless the
content clearly dictates otherw se. Thus, for exanpl e,

WO edoefnzaode to a conposition containing "a conpRCHEB2009/051610

5

10

15

includes a m xture of two or nore conpounds. As used

in this specification and the appended cl ai ns, the
term"or" is generally enployed in its sense including
"and/or" unless the content clearly dictates

otherwi se. The use of the ternms "antimcrobial” in s353w0ou2
this application does not nean that any resulting

products are approved for use as an antim crobia

agent. The foregoing sunmary, detailed description,

and exanpl es provide a sound basis for understanding

t hs%l%f&ﬁ?@%feﬁﬁace@ ﬂga SOE w2 ?Bétfl'aﬁd %?erﬂqé)lﬁto%mg&ﬂ.ﬁ%géssin peroxide
of the invention. Since the invention can conprisé a

va&%gg rlfngqggp%nents, t he above information is not

i ntended 1o’ be F}hiting. The invention resides in the

cl ai ns. 3 . T IS CLAIMED | S: 1. nmet h of

di si nf e@ferﬁg%sm%‘ﬂtﬁ SLEY GospprY- 628‘%85? 2‘83 and 34b
conprising (a) providing an antim crobial conpositjon

at fepPIREEnp i Rlreged psgac 08§ hygaeplys $4can S0 trProsentipese same
to about 250 ppm of a catal ase enzyne sel ected from '

t heergpichesputionp seaed with efcalglass eneyae pitoidic Haed)l ragsurement to bring

fungal derived catal ase, and m xtures thereof;
the peroxide level to 0.

Table 34
H202 at Exposure Time, hrs @ 60 deg C 0 1.5 3 7
34a. 3000 ppm POAA 3020 3140 3250 | 3490
34b. 6000 ppm POAA 5910 6220 6560 | 7130
34c. 3000 ppm POAA + catalase 3020 120 260 460
34d. 6000 ppm POAA + catalase 5910 320 650 1200

Examples 34a and 34b show the natural accumulation of peroxide that follows
dilution of a peracid concentrate. Examples 34c and 34d show that same effect with a
peracid solution that has had all of the peroxide eliminated through catalytic reaction.
These results demonstrate that the preferred range of peroxide and peracid can only be
maintained when combined with the addition of catalase enzyme.

Definitions

For the following defined terms, these definitions shall be applied, unless a
different definition is given in the claims or elsewhere in this specification.

All numeric values are herein assumed to be modified by the term “about,”
whether or not explicitly indicated. The term “about” generally refers to a range of

numbers that one of skill in the art would consider equivalent to the recited value (i.e.,
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(ii) from about 0.00001%to about 0.5 wt.% hydrogen
peroxide; (iii) fromabout 0.1%to about 20.0 wt. % of

W@ 200ALE4D car boxylic acid; and (iv) from abourCDIBRAO¥ (51610

5

10

15

about 2.0 wt.% of a Cl1-Cl percarboxylic acid; (b)

heating the antim crobial conposition to about 40 Cto

65 C, and (c) applying the antim crobial conposition

to a surface of a food package in an amount sufficient

to render a final food product located in the food >353wou2
package suitable for distribution and sal e under
nonrefrigerated storage conditions. 2. The nethod of
claim1, wherein the catal ase enzyne is able to

degrade at | east 500 ppm of the hydrogen peroxide in

| el?‘a%lr% sah fﬂh&ﬂ)‘h%} réult)-rrlﬁ P%@angés Fﬂee%ﬁﬁ ]abm\ﬁh %a?f'lﬂclude

t he ase mal nt al ns 50/60 ts 1nitial catal

acl_ﬁl#m\ﬁ:)ersy thotva? { roglng ec{to ?lg 0 a{esl‘zﬁ ho uﬁ%mE ff.419re and 65 C an d a

fom a e nethod of claim

1 wherein the cat al as dd qu ddi
The ot RBRMGRT S A PR T W S FH e e w2 d[sthgﬁlafeﬁe
in serial _ applications.2353W0J2 6. The neth d_ of
1, SYPARYresh i Tl (ot e gRUERNEN 5B SEBHNST e W@@éh‘)f artubhance

perOX|de
divided by the weight of the composition and multiplied by 100.

The recitation of numerical ranges by endpoints includes all numbers subsumed
within that range (e.g. 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4 and 5).

As used in this specification and the appended claims, the singular forms “a,”
“an,” and “the” include plural referents unless the content clearly dictates otherwise.
Thus, for example, reference to a composition containing “a compound” includes a
mixture of two or more compounds. As used in this specification and the appended
claims, the term “or” is generally employed in its sense including “and/or” unless the
content clearly dictates otherwise.

The use of the terms “antimicrobial” in this application does not mean that any
resulting products are approved for use as an antimicrobial agent.

The foregoing summary, detailed description, and examples provide a sound
basis for understanding the invention, and some specific example embodiments of the

invention. Since the invention can comprise a variety of embodiments, the above

information is not intended to be limiting. The invention resides in the claims.
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in 15 mnutes. 7. The nethod of claim1, wherein the
catalase is free floating in the antim crobia

w@opaziosd on. 8. The nethod of claim 1, wherei PCT/B2009/051610

10

15

20

catal ase is immobilized on a water insoluble substrate

that is in contact with the remai ning anti m crobi al

conposition. 9. The nethod of claim1, wherein the

hydr ogen peroxi de concentration remai ns bel ow 1000

ppm 10. The nethod of claim1, wherein the carboxyhk&woun
acid is selected fromthe group consisting of acetic

acid, octanoic acid, and m xtures thereof, and the

per acid is selected fromthe group consi st ng of

peracetic acid, peroctanoic acid, and m xtures

t hgf £OF 15 &1 H@Eﬁqtshod of disinfecting packages through
aseptic pacﬁagl ng conprising (a) pr ovi di ng an

sy o RIS AT R

enzyme;, (i) m about 0. 01%to.a . . .

hyd%/oge(ﬁ) perP6 G as 2 Pt Iﬁuc’f%%@?rf%tﬁB?ﬂmé‘ "‘1@% tPSméB%Ste Qmyrising
. % of a carboxyl c acid selected fromthe graoup

conS| sting &P acétortabeet ) PRIB Lathor 240 et enpERe

t her eof ;
selected from the group consisting of bovine derived catalase, fungal derived

ngseé 12 pac ?%npgck:)grﬁj}grls%nog
eri

catalase, and mixtures thereof;
(i1) from about 0.00001% to about 0.5 wt.% hydrogen peroxide;
@iii))  from about 0.1% to about 20.0 wt.% of a C;-C, carboxylic acid;
and
@iv) from about 0.1% to about 2.0 wt.% of a C;-C;y percarboxylic
acid;
(b) heating the antimicrobial composition to about 40° C to 65° C; and
(c) applying the antimicrobial composition to a surface of a food package in
an amount sufficient to render a final food product located in the food package
suitable for distribution and sale under nonrefrigerated storage conditions.
2. The method of claim 1, wherein the catalase enzyme is able to degrade at least
500 ppm of the hydrogen peroxide in less than 15 minutes
3. The method of claim 1, wherein the catalase maintains 50% of its initial

catalytic activity over a period of 1 hour at 40° and 65° C and a pH from about 2.0 to

about 2.5.
4. The method of claim 1, wherein the catalase is added in bulk addition.
5. The method of claim 1, wherein the catalase is added in serial applications.
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and (iv) fromabout 0.15%to about 0.4 wt.%of a
percarboxylic acid selected fromthe group consisting

w@Roopaesad®t i ¢ aci d, peroctanoic acid, and m xtRBCEE2009/051610

5

10

15

20

t hereof ; 2353W0OU2 (c) heating the antim crobia

conposition to about 40 Cto 65 C, and (d) applying

the antim crobial conposition to a surface of a food
package in an anmpunt sufficient to render a final food
product |ocated in the food package suitable for 2353WOU2
di stribution and sal e under nonrefrigerated storage
conditions. 12. A nethod of disinfecting packages

t hrough aseptic packagi ng conprising: (a) formng an
anti m crobial conposition in a sunp, the antim crobia

c 0Sify h.S 100 ol t :
2307 port A RLGAT g rie ey SO PRk 200 BRI Ry oA perovice
anq% 0. 00001%to about 0.3 wt. % hydrogen peroxi de;

[

(i POM about 0.1%to about 2.0 wt.% of a

Cof ol Bl el et S O LIS or oD, GOnELSL L B
composition.
8. The method of claim 1, wherein the catalase is immobilized on a water insoluble
substrate that is in contact with the remaining antimicrobial composition.
9. The method of claim 1, wherein the hydrogen peroxide concentration remains
below 1000 ppm.
10. The method of claim 1, wherein the carboxylic acid is selected from the group
consisting of acetic acid, octanoic acid, and mixtures thereof, and the peracid is selected
from the group consisting of peracetic acid, peroctanoic acid, and mixtures thereof.
11. A method of disinfecting packages through aseptic packaging comprising

(a) providing an antimicrobial composition comprising

1) from about 20 ppm to about 250 ppm of a fungal derived catalase
enzyme;

(i1) from about 0.00001% to about 0.3 wt.% hydrogen peroxide;

(iii))  from about 0.1% to about 2.0 wt.% of a carboxylic acid selected
from the group consisting of acetic acid, octanoic acid, and mixtures thereof;
and

(iv)  from about 0.15% to about 0.4 wt.% of a percarboxylic acid
selected from the group consisting of peracetic acid, peroctanoic acid, and

mixtures thereof;
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(iv) fromabout 0.15%to about 0.4 wt.%of a
percarboxylic acid selected fromthe group consisting

w@Roopaesad®t i ¢ aci d, peroctanoic acid, and m xtRBCEE2009/051610

5

10

15

20

thereof; (b) heating the conposition in the sunp to

about 20 Cto 65 C, (c) punping fromabout 0.01 liters

per second to about 5.0 liters per second of the
anti m crobial conposition fromthe sunp to the

package; (d) applying the conposition to a surface @fs3wou»
a food package in an amount sufficient to render

final food product |located in the food package

suitable for distribution and sal e under

nonrefrigerated storage conditions; 2353W0U2 (e)

noni t or.ng t g,%qﬁ&%([}hﬁﬁo'b SHhpdH QY LU XSSl and

the sunp; an Ing a d|t| catal ase into the

sunp t ((])(e blelrlltge\l'yglgttﬂ%rﬁ{%ﬂ&% 1a[ %&é&@lt]?)% (_t)ogxgygr?a%ls of a f%él package in

per oxi al m

wherein the catalase is t.he in re
ARV i b e e R e m&ﬁ%ﬁ)ﬁﬁ package
12, wherein the catalase is added to the sunp

t i mebas¥iable frdisgiputios andriple wadepBeprefrigerisd rﬂq@e ‘tonditions.

wherein the catal ase is added to the sunp in seria
12. A method of disinfecting packages through aseptic packaging comprising:

(a) forming an antimicrobial composition in a sump, the antimicrobial
composition comprising

1) from about 20 ppm to about 250 ppm of a fungal derived catalase
enzyme;

(i1) from about 0.00001% to about 0.3 wt.% hydrogen peroxide;

(iii))  from about 0.1% to about 2.0 wt.% of a carboxylic acid selected
from the group consisting of acetic acid, octanoic acid, and mixtures thereof;
and

(iv)  from about 0.15% to about 0.4 wt.% of a percarboxylic acid
selected from the group consisting of peracetic acid, peroctanoic acid, and
mixtures thereof;

(b)  heating the composition in the sump to about 20° C to 65° C;

(c) pumping from about 0.01 liters per second to about 5.0 liters per second
of the antimicrobial composition from the sump to the package;

(d) applying the composition to a surface of a food package in an amount
sufficient to render a final food product located in the food package suitable for

distribution and sale under nonrefrigerated storage conditions;
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applications. 16. The method of claim 12, wherein the
catal ase is added to the sunp in bulk addition. 17.

wab@omesolod of claim 12, wherein the food packegeIB2809/051610

5
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20

sel ected fromthe group consisting of polyethyl ene
terepht hal ate, high density pol yethyl ene,

pol ypropyl ene, | ow density pol yet hyl ene,

pol ycar bonat e, pol yvi nyl al cohol, alum num single

layer filnms, nultilayer films, paperboard, steel, 5353w0oU2
glass, nmultilayer bottles, and m xtures thereof. 18. A

nmet hod of disinfecting packages through aseptic

packagi ng conprising (a) providing an antim crobia
conposition at the point of use conprising (i) from

about 20, pp%&rﬁ’toﬂi?%kﬂe cBREnRRMAfr hgd%géngéé\?ﬁﬁg@g@{@?u ; and

sel ected fromthe group consistin rrve
Cher oot (i 1k ol fe 038 eaRsThihlidie ponggniaion o
AR SD B 05 P T BITCL car boxyl 1€ aci d: and (i v)
fromabout 0.1%to about 2.0 wt.%of a G-C 0
peerC ar Mqt%oda(afi ctlﬂlm 12, wherein the catalase is added to the sump in response
to a reading from a sensor.
14. The method of claim 12, wherein the catalase is added to the sump on a time-
based addition.
15. The method of claim 12, wherein the catalase is added to the sump in serial
applications.
16. The method of claim 12, wherein the catalase is added to the sump in bulk
addition.
17. The method of claim 12, wherein the food package is selected from the group
consisting of polyethylene terephthalate, high density polyethylene, polypropylene, low
density polyethylene, polycarbonate, polyvinyl alcohol, aluminum, single layer films,
multilayer films, paperboard, steel, glass, multilayer bottles, and mixtures thereof.
18. A method of disinfecting packages through aseptic packaging comprising
(a) providing an antimicrobial composition at the point of use comprising
1) from about 20 ppm to about 250 ppm of a catalase enzyme
selected from the group consisting of bovine derived catalase, fungal derived

catalase, and mixtures thereof;

(i1) from about 0.00001% to about 0.5 wt.% hydrogen peroxide;
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(d) heating the antim crobial conposition to about 40
Cto 65 C (c) applying the antim crobial conposition

wo o008/1%80d ace of a food package in an anmount sPET/IRA0ENI51610

10

15

to render a final food product |located in the food

package suitable for distribution and sal e under
nonrefrigerated storage conditions; (d) allow ng the
anti m crobial conposition to drain fromthe food

package; (e) rinsing the food package with a rinse >3s3wou2
solution; (f) allowing the rinse solution to drain

fromthe food package; (g) collecting the drained

rinse solution; (h) processing the collected rinse

solution to forma recycled rinse solution; and (i)

using the regycl ed{ iR%C0$8! HLbAR20.0 wi.% of a C-Cyo carboxylic acid;

and

@iv) from about 0.1% to about 2.0 wt.% of a C;-C;y percarboxylic
acid;
(d) heating the antimicrobial composition to about 40° C to 65° C;
(c) applying the antimicrobial composition to a surface of a food package in
an amount sufficient to render a final food product located in the food package

suitable for distribution and sale under nonrefrigerated storage conditions;

(d) allowing the antimicrobial composition to drain from the food package;
(e) rinsing the food package with a rinse solution;
® allowing the rinse solution to drain from the food package;

(2) collecting the drained rinse solution;
(h) processing the collected rinse solution to form a recycled rinse solution;
and

(1) using the recycled rinse solution.
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