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Per oxi dases can vary with respect to the particul ar

hal i des or thiocyanates with which they can react. For

exanpl e, el operoxi dase utilizes A", Br , | , or SCN
Béﬂﬂéﬁbﬂﬁﬁgﬁﬁﬂﬁimﬁﬁﬁlﬁﬂb oxi di zes themto form
antim crobi al hypohal i des or hypot hi ocyanat es.
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SCN , but not G , to generate antim crobial products
funelemsia maidiesi testadechiidations wactisms ywhile consuming hydeagen peroxide or other
donor to yield 12, HO and IO . Application areas
oxiddtize egents.i i crlesbronl doperr oxdugingeagenl) i 18 ezchiZelly? resprisee s order for the
have been used include food, dairy, personal care, and
oxitiaion réandonytogpdamatds. [ 0004] U. S. Patent No. 5,451, 402
to Allen describes a nethod for killing yeast and
[0083]0r UP@bXxithse rif ahg prbEE ovhydrogmal ppetidx mahiethe gnésanaei afchalides or
conpositions said to be useful in therapeutic
thiocyanates as electron donors can generate products that possess a wide range of antimicrobial

properties. Peroxidases can vary with respect to the particular halides or thiocyanates with which
they can react. For example, myeloperoxidase utilizes CI', Br,, I, or SCN" as the electron donor,
and oxidizes them to form antimicrobial hypohalides or hypothiocyanates. Lactoperoxidase
catalyzes the oxidation of Br, I, or SCN’, but not CI, to generate antimicrobial products.
Horseradish peroxidase uses only I" as the electron donor to yield I, HIO, and 10", Application
areas where antimicrobial peroxidase-halide-H;0, systems have been used include food, dairy,
personal care, and veterinary products.

[0004] U.S. Patent No. 5,451,402 to Allen describes a method for killing yeast and sporular
microorganisms with haloperoxidase-containing compositions said to be useful in therapeutic
antiseptic treatment of human or animal subjects and in vitro applications for disinfection or

sterilization of vegetative microorganisms and fungal spores.



antiseptic treatnment of human or ani mal subjects and
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concentrated non-reacting forns such as dry powders

pylamihfedionaqueous sol uti ons. The conpositions are
menti oned as being useful as preservatives or as
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confdififlgl @idide or thiocyanate anions, glucose oxidase and D-glucose, and lactoperoxidase. The

patent states that compositions may be provided in concentrated non-reacting forms such as dry
powders and non-aqueous solutions. The compositions are mentioned as being useful as
preservatives or as active agents providing potent antimicrobial activity of use in oral hygiene,
deodorant and anti-dandruff products.

[0009] U.S. Patent No. 5,250,299 to Good et al. relates to a synergistic antimicrobial
composition composed of a hypothiocyanate generating system adjusted to a pH between about
1.5 and about 5 with a di or tricarboxylic acid. The hypothiocyanate generating system is
composed of lactoperoxidase, a thiocyanate and hydrogen peroxide. The patent describes a

method of disinfecting surfaces associated with food preparations, and a method of killing



[0009] U. S. Patent No. 5,250,299 to Good et al.
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hydrogen peroxide. It is stated that the composition is capable of reducing the viable cell count of
Salmonella by greater than 6 logs in 10 to 20 minutes.

[0013] U.S. Patent No. 4,937,072 to Kessler et al. describes an in situ sporicidal disinfectant
comprising a peroxidase, a peroxide or peroxide generating materials, and a salt of iodide. The
three components are stored in a non-reacting state to maintain the sporocide in an inactive state.
By mixing the three components in an aqueous carrier causes a catalyzed reaction by peroxidase
to generate antimicrobial free radicals and/or byproducts.

[0014] Industrial processes, such as paper-making and pulp processing, use large quantities of
water, and it is desirable to inhibit the growth of microorganisms during such processing and in

the water inlet and storage facilities for such processes.



[0013] U. S. Patent No. 4,937,072 to Kessler et al.
describes an in situ sporicidal disinfectant
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capabl e of supporting such growh may be obtai ned by )
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"LP"), hydrogen peroxide or a peroxide source such as
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source, under conditions wherein the | actoperoxidase,
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aqueous systems, other systems, or substrates to be treated. Alternatively, the individual
components may be added separately (or in any combination) to the aqueous system, other
systems, or substrates to be treated, and the concentration of each component can be selected so
that an active antimicrobial composition is formed in situ and maintained for a desired period of
time in the aqueous systems, other systems, or on a substrate to be treated.

[0018]  The present invention further provides a composition comprising lactoperoxidase (LP),
hydrogen peroxide or a peroxide source such as carbamide peroxide, percarbonate, perborate or

persulfate or an enzymatic peroxide generating system such as a glucose oxidase/glucose system



be pre-m xed to forma solution in water, wherein the
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process, cooling water systems (cooling towers, intake cooling waters and effluent cooling
waters), waste water systems, recirculating water systems, hot tubs, swimming pools, recreational
water systems, food processing systems, drinking water systems, leather-processing water
systems, metal working fluids, and other industrial water systems. The method of the present
invention may also be applied to control the growth of microorganisms on various substrates,

including, but not limited to, surface coatings, metals, polymeric materials, natural substrates

(e.g., stone), masonry, concrete, wood, paint, seeds, plants, animal hides, plastics, cosmetics,



separately in an effective anount to the systens or
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6 SECRIRTION ORI HI=BRAWINGS, and appended cl ai ims.
[0022] It is to be understood that both the foregoing

[002/dner Bigurgek dy & @rapbreomparinghthefastibasidirialy eldisecyi plevprious lactoperoxidase
description are exenplary only and are not restrictive

systefs ageangd Pegangindsmie phaspimte adlec (pdl orb) at varibugpeneentrgtions of H20,.
pat ent applications, and publications nentioned above

[0025]d t Rigoreghioatgrapheoppaserthe aupipidtaal effinacyrof H20, by itself, H,O,-NH4Br
incorporated in their entirety by reference herein.

and] QP23]O,TNid,Bac agaipdnyi n@prabiask NS phodphath dBuffer (pH 6.0), at various
incorporated in and constitute a part of this

concentrations of H,O,.

[0026]  Figure 3 is a graph comparing the antibacterial efficacy of H,O, by itself, HyO,-NH4Br
and LP-HyO,-NH4Br against P. aeruginosa in pulp slurry, with an 18 hour treatment time and at
various concentrations of H,Os.

[0027] Figure 4 is a graph comparing the antibacterial efficacy of HyO, by itself, H2O»-KI and
LP-H,0,-KI against P. aeruginosa in pulp slurry, with an 30 minute treatment time and at various
concentrations of H,O,.

[0028]  Figure 5 is a graph comparing the antibacterial efficacy of LP-NaBOs-NHBr and



application, illustrate sonme of the enbodi nents of the
present invention and together with the description,

W@ 006239201 expl ai n the princi ples of the preseneCT/US2006/022928
i nvention. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0024]

NaBOGNIEBLagdahsEP. GeARMoSHHAIP Mg, RethantlB hagt teatnidnt time and at various
efficacy of various |actoperoxi dase systens agai nst P.

cond&ft4dbiATNaBO, Phosphat e buffer (pH 6.0), at various
concentrations O H20O . [0025] Figure 2 is a graph
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conmparing the anti bacterial efficacy of
the cenerptrgiomoRHUBr and NaPer G- NHUBr agai nst P. aerugi nosa
in pulp slurry, with an 18 hour treatment tinme and at
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aeruFin@R-iNpYBrsluaryd Witk a(consityd spusentppsion ef He a4l 4P anglgsrasiunction of the
P. aeruginosa in pulp slurry, with a 24-hr treatnent
concéntmtiomof Ml.Brar i ous concentrations of CP. [0031]
Figure 8 is a graph showi ng the antibacterial efficacy
[0083] L PFidRPtONK aBraphgshbwsig tRe antibacterial efficacy of LP-H;O,-NH,Br against P.
aeruginosa in pulp slurry, with a constant concentration of NH4Br and LP and as a function of the
concentration of H,O,.
[0034] Figure 11 is a graph comparing the antibacterial efficacy of LP-NH:Br-GO/Glu and
GO/Glu alone against P. aeruginosa in pulp slurry, with a 24 hour treatment time and at various
concentrations of GO.

[0035] Figure 12 is a time-kill graph comparing the antibacterial effects of LP-NH;Br-

GO/Glu and GO/Glu alone against P. aeruginosa in pulp slurry.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

[0036]  The present invention provides methods and compositions for controlling the growth
of microorganisms in aqueous systems or on substrates using a) lactoperoxidase (LP), b)

hydrogen peroxide or a hydrogen peroxide source, and c) a halide, plus, optionally, an ammonjum
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systems, recreational water, influent plant water, waste water, pasteurizers, retort cookers,

pharmaceutical formulations, cosmetic formulations, and toiletry formulations. The composition

can also be useful in agrochemical formulations for the purpose of protecting seeds or crops

against microbial spoilage.

[0037] The composition preferably provides superior microbicidal activity at low

concentrations against a wide range of microorganisms.

[0038]  The compositions of the present invention can be used in a method for controlling the

growth of at least one microorganism in or on a product, material, or medium susceptible to attack

by the microorganism. This method includes the step of adding to the product, material, or

medium a composition of the present invention, where the components of the composition are

present in effective amounts to control the growth of the microorganism.
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conmponents of the conposition are present in effective

to adesined lsvel (even it wraletettalple dimitag dag.oferd pupulation), and/or inhibits the growth of
m croorgani sm[0039] As stated earlier, the

the GioPOZRhisONEheS int die epibediarht ofithe ptesanh irvertians tewrodunts, material, or
preserving various types of industrial products,
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one m croorgani sm The conpositions of the present

the i rB30R gl Poile &ndloft@r dsiiehtal Bffiaty @ofebyCak riiofootgankinoRerther, it is
for the purpose of protecting seeds or crops agai nst

alsNtE bO Phdlstcod Ghdt 2g6htroll @S €he growth of at least one microorganism also includes
biostatically reducing and/or maintaining a low level of at least one microorganism such that the
attack by the microorganism and any resulting spoilage or other detrimental effects are mitigated,
i.e., the microorganism growth rate or microorganism attack rate is slowed down and/or
eliminated.

[0042] Examples of these microorganisms include fungi, bacteria, algae, and mixtures thereof,
such as, but not limited to, for example, Trichoderma viride, Aspergillus niger, Pseudomonas

aeruginosa, Klebsiella pneumoniae, and Chlorella sp. The compositions of the present invention

have a low toxicity.
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is slowed down and/or elimnated. [0042] Exanples of
LPtHaseand exidiosiganibsinaes such usl@rt lingi SCNatopehdrdprnalpgieat, antimicrobial
and m xtures thereof, such as, but not limted to, for
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hypofialfie§ hl?(fl%B@ﬁ&%ha’d&IEP AEniBeBaLaVRME Mdulte PeryNe EEB of H,O, and
gr oup. I's

electron donors for producing antimicrobial products. As described herein, the addition of an
ammonium ion further enhances the antimicrobial activity when included in an LP antimicrobial
system. In particular, the combination of lactoperoxidase, peroxide or a peroxide source, and
ammonium bromide provides a particularly useful and economical antimicrobial system.

[0046] The lactoperoxidase of the present invention may be obtained from any mammalian
source such as mammalian milk, particularly bovine milk. Further, lactoperoxidase is readily
available from commercial sources. The lactoperoxidase may be in the form of a dry powder or
may be in an aqueous solution. In a typical commercial form, LP is a greenish-brown powder,

containing more than 90% protein. The enzyme demonstrates a broad pH-stability profile (pH 3 —



part of the non-imune defense systemin mlk and is
present in mlk in concentrations of about 30 ng/L. It

WO g00a/13227pr esent in various hqgy fluids, such BST/US2006/022928
saliva, tears, and nasal and intestinal secretions.
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jodide. It can be any halide salts of alkaline metals or alkaline earth metals. In the LP

antimicrobial system of the present invention, chloride compounds are preferably excluded as a
halide source, since lactoperoxidase does not catalyze the oxidation of CI'. Thiocyanates, such as
sodium thiocyanate, ammonium thiocyanate, potassium thiocyanate can also be used as the
electron donor instead of a halide in the LP antimicrobial system.

[0049] The ammonium that may be used in the LP antimicrobial system to provide additional
synergistic antimicrobial effects according to the present invention may be obtained from any
ammonium source. The ammonium source can be an ammonium salt. As a non-limiting example,

both the halide and the ammonium may be provided by an ammonium halide, such as ammonium
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contenretiorisqriony to@mehtt efi aneentire effecislsubatrateler Sestant Fopnstance, in an
generating source and can be from many different
aque@usrsgeem td be treatedy treanmumnirationyfdadteteroxatask may be emi eféective amount,
pot assi um brom de, cal ci um brom de, magnesi um brom de,
such adinwrangedif dbgut POl as shoutrl (08dipche anchismmﬁebralbiy iroaiagge of from about 0.1
cal ciumiodi de, and/or magnesiumiodide. It can be any
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system in a range of about 0.01 to about 1000 ppm, and preferably in the range of about 0.1 to
about 200 ppm.

[0053]  The halide or thiocyanate may be present in the aqueous system in any effective
amount, such as at a concentration in the aqueous system in a range of about 0.1 to about 10000
ppm, and preferably in the range of about 1 to about 500 ppm.

[0054]  The ammonium source may be present in the aqueous system in any effective amount,
such as in a sufficient concentration to provide an ammonium ion concentration in the aqueous

system in a range of from 0.0 to about 10000 ppm or in a range of about 0.1 to about 10000 ppm,
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present in the aqueous systemin any effective anount,

LP, and 3) hydrogen peroxide or other peroxide source.

[0057]  According to another aspect of the present invention, the components of an LP
antimicrobial system as described herein can be pre-mixed in water to form a concentrated
aqueous solution. The concentrated aqueous solution may then be applied to an aqueous system or
substrate to be treated. The concentration of the lactoperoxidase, hydrogen peroxide or a peroxide
source, halide or thiocyanate, and optional ammonium source may be selected to optimize the
antimicrobial activity of the LP antimicrobial system.

[0058] The concentration of LP in the pre-mixed solution may be in the range of about 0.01

Wwt% to about 5 wt%, with a preferred range of from about 0.05 wt% to about 0.5 wt%. All wt%
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t he conponents have interacted with each other. [0056]

Wt’he present invention al so embodi es the separate
addi ti on of the conponents of the conposition to
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hertinaire Bweight dftiiccattimierobial brionolh theheongendmatel apfimigrobial solution, the
| east one m croorgani sm According to an aspect of the

lacopesridise inmyeht inche range of &omogbentodD tladk, tolapoutadgette, with a preferred
peroxi de or a peroxide source, halide or thiocyanate,

ran@off fogaih hisonad.08mEBNb bivous 03w s, theyhythe gadskeckidepay 1ad i@ layrange of from
to an aqueous systemto be treated. For exanple, a
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and the ammonium bromide in a range of from about 0.1 wt% to about 50 wt%, with a preferred
range of from about 0.5 wt% to about 5 wt%. The weight ratio of LP:H,O,:NH4Br may range
from about 1:1:5 to about 1:10:100, with a preferable weight ratio of about 1:3:10. The
concentrated solution may be applied to an aqueous system or a substrate to be treated.

[0060] The mixing of the components of a LP antibacterial system as a pre-mixed
concentrated solution may be achieved by any method that is known in the art. For example, the
bromide salt and lactoperoxidase may be added as solids to water to form a solution, then a
hydrogen peroxide solution may be added to form the final composition. Alternatively, an
aqueous solution of bromide salt may be prepared first and a solid LP may be added later, and

then a hydrogen peroxide solution. Alternatively, if the hydrogen peroxide source is a solid



amoni um source nmay be added first to aqueous system
to be treated, then the | actoperoxi dase may be added,

wo powal1B827t he hydr ogen peroxi dessay be added. TPET/U82006/022928
of component addition is not critical and any order

pre&ddr REcHISE 2 JRr@iRhAL oY peftiofatObfl@h eabyaaldti Hi®Ngdndralihg system, the
hal i de/ amonium 2) LP, and 3) hydrogen peroxide or

congkl?&&s &glﬁeo%xigﬁinﬁ%ﬁiﬁﬁsyst{aﬁ(?% be%&&{]tg hagkr s 0RO B4rRE T

spect e present “invention, the conponents of an

[00(%315> anki gfél? LABLE aiHRLeD t%.c&ﬁg&‘feh@ed% Dbl B ERBbiMesystem may be

e-mxéd in water to forma concentr at ed agueous

cor@%leﬁta'g g&u%pﬁg.%?% L LALGEAYRERYS LS8 R 1B eglaeda aqueous LP

e applie 0O an a ueous systen1or Su strate_to e

sol tti%earlrgae dbe &@&i&%&% efgxtnl; gtrhi%]d Qélléﬁc!ﬁeoij ﬂg Ir %ﬁﬁ %ﬂedn aqueous H,O,
lhy?lr oaen peroxi de or a peroxli de source, halide or

solLtglgi*n grg%/y: g:agd%cgt | 0 @%?uﬁ:hé%%ﬂélo%”%éngﬁé el EY ?{E}{%r ffr({nh edllutmg a

i m CroDi act v 0
LP antim.cropj.al system. [ 0058]. concentration of
COHE%trF{%&rPF; 2 ﬁP@‘!El?H ool SEF‘HY‘L%& ﬁ‘?ﬁﬁg@zipﬁe"%‘ﬁg PR 2gfercarbonate or
about 0.01 wt % about, 5 wt% . with referred range
perlgrale PR GRS SHRUELG KRN WO (s RE GiRes Ao easy way
are by weight of the solution pre-mxed. The peroxide,
of te53lipe a1 ARYFOBL B Bt SHITEROAR PEYRCRE AMEINY BRTGE splution and an
sufficient amount to provide a concentration of .
aqupgrg e hitipr max baereprred Hesepiratsitanks auchiveh pIpPingd iy thefegiged amounts
of fromabout 0.03 wt%to about 15 W% wth a
in piting tadk toafeye anf inpgtiye salvgior of LPANKBY, whichnesyt bestgred. When an
Wt % The halide or thiocyanate source nmay be present
antinvicrobiel jgewt-ifrnsedad, sl sodution of APANI B fcpie pe pembined with an aqueous Hz0;
concentration to provide a halide or thiocyanate )
solwtionde ienmasn asive antimisrqhiad-spiusien tasod usedol is preferredrig@rappre a mixed
fromabout 0.1 wt%to about 50 % with a preferred
solutmngef HP/NH.Bm iabowingl:. Bnkt %d chabedd HOat 9utiPheto activate the LP-
amoni um source may be present in the pre-m xed
antigidrobiblogstem. a suffici ent concentration to provide an
amoni um concentration in the pre-m xed solution in a
[006HNgeTIE pfesenm idvédtivn Kuitlieer glaowdesSihr vinYalbsolidr ampekidon in which the
0.1 Mt%to about 50 wt% with a preferred range of
confpoRét ATl L PQinBlmid Ihid] @y sidd@ tidn e sidrdd id nidimshaliodtnofl-rdactive state and
W% to about 5 wt% [0059] As an exanpl e,

ther RGHBIRET With A& wRHTRERUEHNP R SIE anthiehoBRE Bedde ' Fv¥ i ell@mple, for an
and wat er
antimicrobial system comprising lactoperoxidase, a halide source, an optional ammonium source
and an enzymatic hydrogen peroxide generating system, such as glucose oxidase coupled with
glucose or amylase/starch plus glucose oxidase, a solid mixture of lactoperoxidase, the halide
source, the optional ammonium source and the substrate for the enzymatic hydrogen peroxide
generating system can be stored in one container and the enzyme for the enzymatic hydrogen
peroxide generating system can be stored separately in another container. If water-soluble
containers are used, an antimicrobial agent can be produced by combining the containers with

water to dissolve the components therein to form a concentrated solution, or by adding the

containers directly to an aqueous system. Alternatively, the containers can be added separately to



may be conbined (e.g., mxed) to forman active
concentrated antimcrobial solution. Al wt% herein
w@e@ohys2nei ght of the antim eid®@bial sol ution. PET/UN®06/022928
concentrated antimcrobial solution, the
an d@EHRRAK tRSRat®@y be in the range of from about 0.01
Ww%to about 5 ww% wth a preferred range of from

[0063]0 ut A9 a%e%e/oekﬁn}ﬁ@%lbolﬁ Rixrdof 1dRpErsdiiag eimmeian Wenide, and
be in a range of from about 0.03 wt%to about 15

gluc‘Mse/ ‘inay"bé Ero@ldgc[ Bf Rk WRLr kAREE b&Y orfcb@BmabMita Hiid élu%se/ookﬂase may be
about wt % and the amoni um bronide in a range of

pro{ M ?Hl% Q/at@r—%ﬁl%’let Ba htaRBr. WisklviMetdll 6F (RS SfiRs 'ir?ﬁxe above two

range o rom about 0.5 wt% to about w % The wei ght

wat%%‘go'h%leo f)aigg P& H @s&r%—lﬁ %hoﬁﬁty - FRGE il R Qiﬂtan&nilcrc'%:blgl Qolution. The

a pre erable weight ratio o

res@ﬁﬁ)g:}olu:hog m"ag them% £ BRRGARG Gk @-&%@kv@ il w%m?cgar B gsgah be8bstrate to

ueo strate to

be gre Qe%oklt mgnv Xb&g bg%% COHI% b%oagge%ncﬁl@é arl]lgaé:lh%%us tsysgzn‘l to be treated, or

|bac erla syst re-mxed co

the %‘gl Ft onl,},l?gé/ f?_cglgd g‘%%g‘}?p et(cj) tl%’%ag%%)ﬁ(s) SS gehogxglapo éer 3peckfnc example, instead
er oxi dase .nma as_so

t
ot bECH SRS IHIRES R A SRRl hish e separae
N AR A RS 'er%?%ﬁ&%é”?ni Sy s@ﬁﬁ%ﬁlg%‘é{iﬁéﬁ'@% of the LP

first and a solid LP may be added | ater, and th

antjerPRigleTySp@rass IKERS 1% 6|Sale<¥ &kl inaqtive foys bejerk yhey are EFRsed to water. For
hydr ogen perOX|de source i s a solidprecursor such, as

exagipes SRhehambe GHldrepiaiy asdidgnixtyre oflastprergxidagy ammonium bromide, and
generating system the conponents of the LP

gluegse prd the oBienFhampst eqpldhepntaica slidetiuooss Redase- It is radprred to keep all of
form [0061] As still another alternative, the

the gugrgstienésnefsthe LPzantimicsehial sysiero i &lnosyeseidng f@gﬂy bgfore mixing with water.
conbi ned as solutions. For exanple, an aqueous

Prefemablyn innstiragandystemsidieretin gincoanokidase ssdugpiongparately srosolitiferm, the glucose
may be conbined to forma m xed sol ution of LPZNH Br,

oxidasel cahbe kept iaguemasrobiz C@nditidnusa that oxpgenés pljdiselly Fparated from the
aqueous H2Q2 solution can be derived either from

gluchst tititlasg, thereymanthinmpeitt gHAGR: exidasd in@rsulostankiyllydioasedctingiprm.
a solid H Q2 precursor such as a percarbonate or

[00p4]r boImpdrealbdolid BoBpasitivataf cheHICEhtigrdrebialt dystgm Symprding glucose oxidase,
water. This alternative provides an easy way of

lacfopatiddlg adiinchiline Bosideyfki@Mucode (With ghrbleaix@laseorad]stpardtely from the

ammoni um brom de sol ution and an
other components), the weight ratio for the four components, glucose oxidase: LP: NH4Br: glucose,
may be in a range of about 1:1:10:100 to about 1:5:100:5000, with a preferable weight ratio of about
1:4:100:2000.
[0065] Depending upon the specific application, the composition can be prepared in liquid
form by dissolving the composition in water or in an organic solvent, or in dry form by adsorbing
onto a suitable vehicle, or compounding into a tablet form. The preservative containing the

composition of the present invention may be prepared in an emulsion form by emulsifying it in

water, or if necessary, by adding a surfactant. Additional chemicals, such as insecticides, may be



aqueous LP solution may be prepared in separate tanks
and then conbined in the desired anbunts in a m xing
WO 200k/18827f or m an i nacti ve sod lit4 on of LPZNH4BrPCTHIS2006/022928
can be stored. When an antimnm crobial agent is needed,
addéde tl&%fé%lg%g pfebaRdNs dBsending upen 1o irhénded uss df thegqmeparation.
aqueous solution to forman active antim crobi al

[0068P! UtTHIMAR BGelasthe rdtbs dfapplicatien bPHle bompusitoalog tifls invention could
m xed solution of LPZNH4Br 1n a single tank, and then

va et Puda il thRRdddQs@Clie\e8nBoditih doTRIYel diiﬁl@ddQﬁ/l sptaying or brushing
er

system [ 0062] The present invention furt provi des

T A e
in a%ltﬂ}l@&“&ﬁqla'ti 8r e Qbﬁlg@s%dnvfn ﬂigﬁiﬁ oA MiduiaRe nfR, M8 composition
W wat er en needetl to forman anti'm crobial agent.
. , nt i o L _
couf, BT B0 G SPLPIm S SR AL Bk ot o
sol @gﬁgﬁﬁig@eﬁ%ﬁ%‘ﬁ&é orrrnatosiﬁoxli]gaq{}%%§&ug&{ oxi de generating

ucose oxl e cpupl ed with glucose
o0 bl Pt ulSOR Rt RRE o Bt fom e o
o T b B e g B T G e, Mg romic

stored in one container, and the enz for the '
and glsgseat Vateh 85 & H%S@f%w Hey fnép %@%tosayfﬂ‘é%“wat%’e‘“as“bstrate
stored separately in another coné iner. If .
to biwelpd. g BIUEORCHHSTBF SOmPAeRTS Githe 1 aafuicgbial gricgh may be added
agent can be produced by conbining the cor}t ajners wth
sepagaelyior inge pIp-gusdvelutiondto PEmyils sy semathdhs,foflgving efpctive amounts:
concentrated solution, or by adding the containers
di @ckPy to an adirmakous )9l énrbont 1@O0MRE. Pessyably Hethe range of from
cont ai ners can be added separately toan aqueous system
t 0 beattoneht twdboft@06Bh. As a specific exanple, a solid
m xture of | actoperoxi dase, anmoni um brom de, and
gl (bONEBray be prioom diewit D torkound 0@N0-npol, pisiferatid ép e range of from
contai ner, and a solid glucose oxidase may be provi ded
i n anstober towadwe 50Gednubl e bag or contai ner. Dissol ving
all of the solids in the above two water-sol ubl e bags
i N (8) desbse@Ndidasanfsnnbak 0Watte abéudr5A6 ppmpptterdbly in the range of from
antimcrobial solution. The resulting solution nay
t hen Gruem@s toabbut 80 ppnef f ective anmount to an agueous

system or substrate to
(d) Glucose: from about 1 to about 10000 ppm, preferably in the range of from
about 10 to about 5000 ppm.

[0068] As a further specific, non-limiting example, the LP antimicrobial system may comprise
LP, a peroxide source, potassium jodide, and an optional ammonium source. As an even more
specific, non-limiting example, the LP antimicrobial system may comprise LP, H>0; and KI. The
amounts of each component may be as described generally above for the amounts of LP, peroxide
source, halide source and optional ammonium source for an LP antimicrobial system. In

particular, the amount of KI used in an LP antimicrobial system containing KI may be the same as

the amount of NH,Br in an LP antimicrobial system containing NH4Br as described above. Such



be treated. Alternatively, both bags coul d be added
directly to an aqueous systemto be treated, or the
wo mw6h3231 coul d be added sepad@tely to the aqueOLIES2006/022928
system As another specific exanple, instead of two
an BP paiicRobid By Adnh esgaihing K tmayi begintdng of dlel ghysiostformendescribed above
one single contai ner having separate chanbers coul d be
for BB EP antdfictbRUs@ent.nere is sufficient separation so
that the conmponents of the LP antim crobial systemare
[006®Pt AR 2 FurgiRl §dciio Chonlditihy Ekah@le) i & fPaEmidiebialalfem may comprise
exposed to water. For exanple, one chanber coul d

LP, GO i Rue! dodiufl HbiidR, £d dndrdBRE sk 396 emBIMYP B ¢48h component
brom de, and gl ucose and the other chanber coul d

maﬁ BOLAY cﬁl())ef%l ehfla@ HERS Sorolié FRSEhts bf LP SpeRixEdSOLRE, ﬁal‘Pide source and

eep all he ingredients of the LP antim crobia

opt%?ltearﬁml%{ﬂle@ é(?lg{h’ i;?fEQrFH’ Qﬂirﬁigfomapgfs%ﬁﬁ Iﬁ%&ﬁhﬂ"@h@ grlnount of NaBr and

, I'n a storage 'syste erein ucose

(ng%is éﬂged. Y ahﬁ%t 1(@1%?@1’?%&12%&6:&1%&8@% ﬁ%ﬂéﬂndt(&?l@%&fﬁg}? be selected

se can anaer o condi ti‘on
00X i s, physicall parated he .gl uc C
o YRS SeRESBGR b PEPRIAP R b BRI BE S s

B RELSFAGP SRR RS SRR ahPRRh B e sy Nebr an
IRl 4 B S0 Pore e GU BN OB S B Ao ystem.
[00?(}5(:)&p ?g%fa%:ngr[h{;‘é 8{%% Sl%éeg{tr%g%gﬁg ’a?/ %3&% "%ed%)t(h ?@fggﬁé%gélﬁs a pH range of

NH4Br: glucose, may be ip a_range about 1:1:10: 100
fropGbaBA0 2w Howisgoveiewpe wflaraagee?&% [pROe; tg /aboYt ¢ i e PH of the
of about  1:4:100:2000. [0065] Dependi ng, upon the, .
pregpized solutionngf the A&} amimierplialoHysisHsmey b agipted &Y sdding @B geid(s) or a
in liquid formby dissolving the conposition in water )
base(s) asisdmown gatiecars dhe apid or basei addert ghoulsk ba splected o mpf feact with any
onto a suitable vehicle, or conpounding into a tabl et
confipments Fhibe systenerNewdvor itde prefirahlatp mircthe eoppeienis of thgfLP system in
the present invention may be prepared in an enul sion
wattowithényt péhvedjsstmyntnghé pHiaf anere-erixedosolitfonfddsBaPyNHiBr without pH
addi ng a surfactant. Additional chem cals, such as
adjushaenttis arbalesq.9. ey 1€ achdedindural (769).ftbe £F @intigicrobial system produces the
preparati ons dependi ng upon the intended use of the
magin@pedcaviton. [ 0066] The node as well as the rates of
application of the conposition of this invention could
[00YHr Y URP@iretiod bfup® Presdie ihvehesdedy s aused ive anyo indostiiili @recreational
coul d be applied by spraying or brushing

aqueous systems requiring microorganism control. Such aqueous systems include, but are not
limited to, metal working fluids, cooling water systems (cooling towers, intake cooling waters and
effluent cooling waters), waste water systems including waste waters or sanitation waters
undergoing treatment of the waste in the water, e.g. sewage treatment, recirculating water
systems, swimming pools, hot tubs, food processing systems, drinking water systems, leather-
processing water systems, white water systems, pulp slurries and other paper-making or paper-

processing water systems. In general, any industrial or recreational water system can benefit from

the present invention. The method of the present invention may also be used in the treatment of



onto the material or product. The material or product
in question could also be treated by dipping in a
wa@iobasd2el f or mul ati on of the-t®aposition. | n apCT/ysL0d6/022928
or liquid-like nmedium the conposition could be added
intak@ tw@iter Her $1ReKl ivhkioud \industtial p@cesses dryredcredtionalnfcilitiésh Iriake water can be
sui tabl e device so that a solution or a dispersion of

first iR DFRRSItheNo B po@nPineeior o thaDBE Alicrbbinl @¥wiNis Rhibted before
concentrated antim crobial solution can be derived

the itANOVARE etels tBOhilichtrfed brokése Or RE&GdnAE™ciBROVE by
di ssol ving the gl ucose oxi dase, | actoperoxi dase,

[00 RO NN RN HGh APt WhRASEon Mayals6Tbe apPRed RSeldnb Gr inhibit the
solution may then be applied to an aqueous systemor a

growHPS rﬁi@fo%réaﬁisﬁ? 0 L@firath Thaf RRURAU AR &*Eh%ﬁeoli‘tgn(%dsgah growth.

fa
conponents of the LP antim crobial system may

Ex é%rcﬁ{s%s)fﬁféﬁ it &, pﬁt%;réfh gg}ﬁ%éa' {4t Lol SodthngY i‘g@d{.g_stal, polymer,

systemwth the oW ng ective amounts? (

a 0 r B o :
w02, Bt oA ORI eyt AN s, e
o NGO P QAB0 BRI FB, ol st
. I dase: from about 0.01 t bout 500 r.ef er abl
incloe B2 PGS Th PO G E T I0801e5 2 BURC SR B g on paper-

G ucose: from abqut 1 to about 10000 ppm preferably
makipg pqyipTRen) %ﬁwﬁﬁﬁﬂﬁﬂﬂwaﬁﬁ1o to about 5000 ppm

Q068] As a further specific, non-limti exanpl e, )

[00%}]6 L]ﬁwaﬂrte?qq{ gwstmo&wi&}%e[ r @Witée‘e ?qgi]fgm rrpxample:s, which are
. peroxi de source, potassium.i odide, and an optiona
integdgddn besemplarced theasessnt IR¥eBYPIDr e speci fi c,

non-limting exanple, the LP antim crobial system may

conprise LP, HO and KI. The anounts of each conponent

may be as described generally above for the amounts of
EXAMIPIES oxi de source, halide source and optiona

amoni um source for an LP antim crobial system In

particul ar, the anmount of KI used in an LP

antim crobial systemcontaining KI may be the sanme as
Example 1: Antibacterial efficacy of various lactoperoxidase systems against P. aeruginosa
in phosphate buffer (pH 6.0)
[0074] LP, H,O,, and either KI, NH;Br, NaSCN or NaBr as electron donors were added
separately to a phosphate buffer in test tubes at desired concentrations to form various LP
antimicrobial systems. The buffer was then inoculated with 3 x 10° cells/ml of P. aeruginosa. At a
contact (or treatment) time of 4 hours after inoculation, 1.0 ml liquid was withdrawn from the test
tube and plated on nutrient agar to 1072, 103, and 10™* dilutions using biocide deactivation solution
as the dilution blanks. The agar plates were incubated at 37°C for 2 — 3 days, and the colonies
were counted. Percent kill and log reduction were calculated based on cfu/ml of the control
culture. The control culture contained bacterial cells in 5 ml phosphate buffer only.

[0075]  Figure 1 summarizes the bactericidal activities of the LP-systems with different

electron donors against P. aeruginosa in phosphate buffer (pH 6) with a 4 hour treatment time as



the amobunt OFNH 4Br in an LP antim crobial system

contai ni ng NH4Br as descri bed above. Suchan LP
wa@pios2robi al system cont ai R2dg Kl may be i n BCH/UST006/022928

t he physical forns described above for an LP

desaiiBed BbsveOPhal P syt @rtion GASS0 pdn for bl sishets anp €l doh&entration of each
non-limting exanple, the LP antim crobial system may

indFRIVRT d1&8rok Bondt v D2 IMIETHE BLLOS EonceEbidWaE O4edeas sBEWW in the Figure
amoni um sul fate. The anounts of each conponent may be

1. RS cHEHLLN $OnDHE LR, Y redinddokitt 0 A8RIMH Se@fondBnor such as K1,

per oxi de source, halide source and optional amoni um

NHFSY 6f Rabex fgl?n PRt hﬁﬂnﬁ&%@iaﬁtP-%}’één%“Thé Qnﬂi}ﬂfcldbi%‘l‘ b&lfvity varied as

t hé "amount NdBr and R ) used I n an

dlf%%hf éTiﬁé’ﬁroﬂtH fbes 7S G glp?lh . dh, gl“ﬂgq@ultg @ﬁj(%v& %%% %%@NKI system

ecte to provi d e same anount

Wasat‘ﬁe tst?or%ég\{ﬁ %&g%l)f]acﬁ()%bt 5'1e§ g EP %b %tﬁl@nﬁg strong antimicrobial

con r-as ed a ove.
nt I H
il o5 ol A &'dngr .

t b I .Th
congrng@litg VA S e ohe BRacEs ey Eg%fzog R4y system had
H r f
corfeBpl BETG ‘Bt LRI ¥ ¥ LD SRS IReb8Ye o fgienifican
smé)e;IgItEL&%eﬁ g%&cgkéggvfpggslﬂ%’ue&h Kg@mt Eg vgﬁelgg%/gd grn%[kt)ergﬁ Accordingly, the
base(s) as is known in the art. The acid or basz}ﬂadde
LP%@MB@ sgdtrediee @ grsatnmteraﬂélaﬁqr %V@lﬂplawnc%ﬁﬁaﬁ ted gnmicrobial

t he system  However is preferable to m X

systeBBanerieys didusthes. |’ e Exﬁretrm §YSiRES o PAGlY Hé’querNaBr and LP-H,O-
adj ustment. The pH of a pre-m xed solution of LP-H

Nag@ON i Bot gonetatsuesulisiang)ods ek PHsOzNBuBtsySten With regpasHo efficacy.
around neutral (7.0), the LP antimcrobial system

Their adivisies el abak |thmmctr|w¢rs<ytha{1 Gig7adivithef AeOhelgnofsee Fig. 2). In
the present invention may be used in any industrial or

partiedare &t ¢@m@king reesagdissyf ghe ik -HANILBn gystere rvodr thanesits of the LP-
control. Such aqueous systens include, but are not

H,0j-NaBresysten, therdstakhovos diamgtid imprcemenowhdndHaBatiersed instead of NaBr.
systens (cooling towers, intake cooling waters and

[0026]f | uarta comphiisog, a/\mtersm)g H@asloae inciufer sytBbue g addition of an electron
i ncludi ng waste waters or sanitation waters undergoi ng

dorof 8@t di2frhe afid 4 feet WaBIRO0, And NELBedRlout the@EnzmRIREE carried out against
treatnment, recircul ating water
P. aeruginosa in phosphate buffer (pH 6) with a 4 hour treatment time. As described above, the
LP concentration for the LP-H,O,-NH4Br system was 200 ppm. The NH;Br concentration was
0.02 M for both the LP-H,O0,-NH4Br and the H,O,-NH,Br systems. The H,O, concentration was
varied as shown in Figure 2. Figure 2 shows a clear advantage of the LP-H;O0,-NH,Br system
over H,O»-NH,Br and H,0- alone. In particular, the addition of LP to H2O2-NH4Br results in an
increase in activity of more than 2 logs as compared with the activity of H2O>-NH4Br without the
enzyme. It is assumed that the enzyme helps to push the reaction of H,O, + NHsBr —> Br'

(HOBr) + NH,Br + H,O towards the right hand side, thus generating more and stronger

antimicrobial products.



systenms, sw nm ng pools, hot tubs, food processing
systens, drinking water systens, |eatherprocessing
woioen3eyst ens, white water sgstens, pul p sl urPCEESZNE022928
ot her paper-nmaki ng or paperprocessi ng water systens.
In general, any industrial or recreational water
system can benefit fromthe present invention. The
Exz{fﬁfﬂ@ 9d AQlftleH@rlﬁ’lr GREIRY of RHANS B0 pExRAbSOsySR s S@linktP. aeruginosa
the treatnment ofintake water for such various
‘ﬁggﬁ; al processes or recreational facilities.
lnq aké5kater can be first treated by the nethod of the

[OO?ﬂeseﬁle a&ﬁg oht@ "hrsfle Lﬁﬁ RS oS ra@cké'da‘iep%ﬁw B bdlp sturry to form

hibite re the i e water entersS th

varlf)ﬁg E?ta?hl% r&{lﬁ %ﬁg':tém? A RRE pRA R Ghnith 2! thid désch)Q&) fifExample 1 was

e present |nvent|on may al so

useapfgl | ed %senp LM Eion o{“hé g@g C%lh&it%ﬁlg rv%:ggﬁlrl%h%ulem slurry to replace the

anlsns on any

phog%gazq {;LgfegfsT Sé% oéltg}rg) ?tglg?de g’hlo e\iﬂ%{éach%? %gsptnﬁg a?gg/gdacatlomc starch at
O.O%%Iﬁ ?3%?)06 @h@% gmf‘ tu%&eﬁige §%€§L g/I_g ?ttgﬁ tgon q(lcg ae}q i%or()% ﬂ; )defoamer at
o B SR B BRET P o ot

mat eri al s. addi ti on strates include hard
PmEéWFﬁé@@*WﬁwQ&%86%§“§&%§eﬁ@ f ood processing plants

and hospitals and on ernakln ui pment an ) ..
[00Z8jr | cm antikpcteré) aﬁwﬁw 11[3@(13’7%2]02 %;Srs&%tcom«réﬂw%ﬁhe activity of
wll be further clarified by the f0||OMAng exanpl es

HQinNEBraped Qb acainst Besesysingsp ar pulp slurmp avify aasidritour treatment time
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donors were added separately to a phosphate buffer in

as thestn. Fignes 3 ashovediat ¢ EBRLORNHRBI syrtent prddueed ¥ grdatenghan 5.8 logs
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rediictivh withire tld érirwBexthd GBOg edncartrationvads pperangboves &he Aldition of LP
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witho ithelBniz@ané oiFi0M@idak Ortiedesutte afthe LRLH,03-NIQ/BY sy sidin in pulp slurry were

consistent with those obtained in phosphate buffer (in Example 1).

[0079] A similar test procedure was carried out to compare the antibacterial activity of a LP-
H,0,-KI system, compared with the activity of H,0,-KI, and H,O, only against P. aeruginosa in
pulp slurry with a 30 minute treatment time. The LP concentration was 200 ppm. The KI
concentration was 1000 ppm for both the LP-H,0,-KI system and the H2O2-KI system. Figure 4
show that the LP-H,0,-KI system generated a stronger activity in a shorter time and lower

peroxide concentrations (1 - 2 ppm) than the LP-H,0,-NH4Br system.



as the dilution blanks. The agar plates were incubated
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conpantratier wis Q9P powy EhoNpB@: eanceraijorewpnwigd anshomingFigiiedl shows the
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the sane or worse than the activity of H2ZO2 al one (see

conbénfatid@) .wdsn2@apbinc ahdirthe iNH B npacenugtivh evase $Q00t ppmf The NaPerC
the LP-H O2- NH4Br systemwi th the results of the LPH

condéRraf\aBivasSyssice i3 shblva. Fligtira 7shows the dntibvapterial activityofaiehP-CP-NH,Br
when NH4Br is used instead of NaBr. [0076] As a
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The B @ncéfﬂﬁfaﬁo@ véhs NAKEd tak ERBRBNTHY IsPRemPWitlepibdrRi@dand percarbonate
e

above,
generated similar levels of activity as compared to the system with hydrogen peroxide, but at a

higher oxidizer concentration. For the systems of LP-NaBOs-NHBr and LP-NaPerC-NH,Br, the
activity started to show up at 10 ppm of perborate or percarbonate (Figures 5 and 6), whereas the
activity started at 5 ppm of HyO, for the system of LP-H;O,-NH;Br (Fig. 3). This can be
explained by the fact that sodium percarbonate contains only about 25% hydrogen peroxide by
weight. The system of LP-CP-NH,Br started to generate strong activity at 1 — 2 ppm of carbamide
peroxide (Figure 7). The LP-CP-NH4Br system uses a much lower oxidizer concentration to

produce strong activity than the other three systems, namely LP-NaBOs;-NHBr (Figure 5), LP-



LP concentration for the LP-H2O2- NH4Br system was 200

ppm The NH4Br concentration was 0.02 Mfor both the
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concentration was varied as shown in Figure 2. Figure
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formvarious LP antimcrobial systens. A test
procedure simlar to that described in Exanple 1 was
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ASA size at 0.01 g/L; retention aids at 0.0025 g/L; .
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consi stency of about 0.5 to 0.7% of solids. The final )

othgrHiwe compenepislapas ¢xgessypmpprteF or spemple o deigraing Hig pptimum concentration
8.0. [0078] The antibacterial activity of the LP-H O

of lapippBpxidase.t thenH O wpracrizhtiah twes tkiapt aict Prvm tapd dfe NHE- egrcentration at
Br, and HzO2 only, against P. aeruginosa in pulp

10081 ppnx whilsi ¢Hanging 8 Ibeomcentretiamizomn 0tli 10200 ppmhdondetermine the optimum
Figure 3. The LP concentration was 200 ppm The NH4Br

NHeBmoacdntration thewds£, bofH@npgion fvars kbjettah 5 lpPmtdd@2ZheNER} Brncemtthtion at 200
H2O2- NH4ABr systens: and the H2O2 concentrati on was
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the antibacterial efficacy of the LP-system is described in Examples 1 and 2.

[0083]  Data in Example 2 indicate that the antimicrobial system of LP-H,O,-NHyBr achieved
greater than 5.5 logs reduction of Ps. aeruginosa when providing 200 ppm of LP, 5 ppm of H20,
and 1000 ppm of NH4Br in the combination. It was assumed that all three components (especially
LP and NH;Br) in the system were in an excess amount during the previous evaluation. To
determine the minimum effective concentration (for producing >5 logs reduction) of each
individual component, the concentration of that component was varied while keeping the other
two components in excess in the combination, as described above. Figure 8 shows the
antibacterial activity of the LP-H,O,-NH,Br system versus LP concentration. In the test, the

concentrations of H,O, (5 ppm) and NH4Br (1000 ppm) were kept in excess, while the LP
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y. test procedire was sane
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oot QioP bRV R i, perioRRER A G Horeres D s and
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[0088h c e fitgusasiSoth R 0 gmpryatedhat ﬁlzfvmmmr@ GHeetige §PR9\%“%“H%S to achieve
anti bacterial activity of the LP-NaPCrC-NH Br_ system

>3 desapeuetomior ﬁaothﬁédlﬁ’éltlil \iemporsnt Rerely ERHIZ s 2nd rare 0.2, 0.5, and
agai nst P. aeruginosa in pulp slurry with an 18 hour

50 ppraaiesnsativelyl. feese Thiginum efersise eongentesrongior thedndipidual semponents are
the NH4Br concentration was 1000 ppm The NaPerC

derévgf b freqpang the otheistwpaompdnas ig lsywess inrhgyeanebiffatioh dwing the tests. From
anti bacterial activity of the LP-CP- NH4Br

Table 1, the optimal combination for the system was found to be LP = 1 ppm / H;O; = 1 ppm /

NH4Br = 40 ppm. With the optimal combined concentrations, the LP-H,O,-NHBr system gave
>5.5 logs reduction. The ratio of three components for this system was LP: HyO,: NH,Br = 1: 1:
40 by weight. Several other combinations in Table 1 could be also considered as an optimal

combination. They are (1) LP: H,O: NH;Br = 0.5: 0.5: 60, (2) LP: H20,: NH4Br = 0.5: 1: 60.
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concentration was 60 ppm The CP concentration was

varied as shown. The systens with perborate and
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changing the LIP concentration from Gl to 200 ppm>5k0
determ ne the opti numpNHABr cloncentrgati on, tthe H2G35
concentration was kept at 5 ppmand the LP

concentration at 200 .
Example 5: LP antimicrobial system by pre-mixing

[0085] LP antimicrobial systems can be generated in situ by adding the components
separately to the application site. Alternatively, LP-systems can be produced by pre-mixing all of
the components in a concentrated solution. The mixed solution may then be applied to the site to
be treated. The following example shows the generation of a LP-H,0»-NHyBr antimicrobial
system by pre-mixing.

[0086] A typical pre-mixed solution of LP-H;O,-NH4Br was prepared as the following. 0.05 g
of LP and 0.5 g of NH;Br were added in a 1-oz glass botle. 10 ml DI water was added to the bottle

to dissolve all of the contents. Then, 0.5 g of 30% H,0, was added to the bottle to make a solution



ppm whi | e changi ng the NH4Br concentration from1l to
200 ppm To determ ne the opti mum H2O2 concentrati on,

W b@cMb#2Br concentration was k¥pt at 100 ppm aPC/URm04/622928
concentration at 1 ppm while changing the H O

cogtainingring 3 coroponeats mixedtogathes ThismixFh solutéont coplained Gwive0.5% LP, 1.5%
for evaluating the anti bacterial efficacy of the

HOR- sy st7e INH. Br.dés cwéilg datio ofzshisngoluion waand3:20 a§ 0DFBD,:NH,Br. Mixed
Data in Exanple 2 indicate that the anti m crobi al

soBissewittObthe}: HtidORnd\behBentmtidtrisevere pppaad eccordiagly Sinmddigdly after the
reduction of Ps. aerugi nosa when providing 200 ppm of

soluBfon Yapmat® {cohklderdd anm )l of e BoM-Bted 811kiBE was added to 10 mL
conbination. It was assunmed that all three conponents

pulpesRecioadily fikd? RRAHINHYRS in hilp gy oSt WELSB, 15‘_};())@{11 of H,0;, and 50

excess anount during the previous evaluation.
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2, SRR %ﬁ%&cf&igﬁte&%f; ﬁﬁtrﬁi%& Qcﬂut%‘n &/&%g&%gpﬁ NeRt , WASnd 8 hours after
var| ed I 'e keeping the other two conponents’ i’n
nﬁg%gess in the conbination, as described above. Figure
hows the antibacterial activity of the

1 PR N i n th :
(0ge7L T ol 3, (S BOE oo to® a5 RSB RNIR b pighe Son hold in an
1000 kept i whi Az . .
aafebtouBRE i Fhe (Pookts BT M B0 i svams g fimived soluions

Dat a in Fi 8.1 ndi h he.L.P- H2O - NH4Br, . :
weg tetai o asfcleriah sy % Ry s TeraRl s e ingigy The mixture

as the LP cgpcentration, was | _or _above 0.2 m At
wa Spte] e ST HOY QY i 2t b pRe I T gt b BE 0 @ 1310,
Therefore, it was ,concluded that the m ninumeffective
Fog, garh affd Heropersra igh poncptpstian anix.and g dpwv pergamiration nix (Table 2). The
%{tgm Simlarly, it was determ ned that the m ninmm
¢ Yiibacieriod agtivily phthe srixadeBtiongase BEseaihin Frde?e
Further increases in NH4Br concentration beyond 50
ppmdid not result in a significant inprovenent in
ef ficacy of the system Also, the m ninumeffective
Tablen2 Bacterididal activig lof enized>Solutigys of BRIEI0ONFHLMByr veri@SPthe time after
miwing (festedh éh pupishurty dgappinPagerugihese) r at ed i n Fi gure 10.
Further increases in H2ZQ2 concentration to above 0.5
ppm f ai ICenhpénenticopprimsatorts iremiaet | v| thogoéduttive asdiffdraintimeshdier mixing
Ratioi mum _ef f ewplutioes (g/d0fwdnt r at i on| for i ndirv| Qubal | 4hr | 6hr | 8hr
cb#ponetbBLP/Q.5SBdhOi/2AWNdBagDt he| | dwest Ocopcéntlrabi gn 0 0
in the cOHbiRALYGROI4YEEMBE Ve N xiOrTLiP &ct | voty] of thed 0

system Further increase in
1:1:10 0.5%LP/0.5% H,0,/5%NH,Br (H) 0 0 0 0 0 0
0.05%LP/0.05% H,0,/0.5%NH,Br (L) 2.5 0 0 0 0 0

0, 2
resgity
9)

1:3:10 0.5%LP/1.5% H,0,/5%NH,Br (H) >5 >5 | 346 | 346 | 3.37 | 3.18
0.05%LP/0.15% H,0,/0.5%NH,Br (L) >5 340 | 3.82 | 290 | 2.85 | 2.63
# The final concentration of individual components in the pulp slurry are as follows:

(1) 1:1:40 ratio — LP = 10 ppm; H,O, = 10 ppm; NH,Br = 400 ppm.

(2) 1:1:10 ratio — LP = 10 ppm; H,O, = 10 ppm; NH,Br = 100 ppm.

(3) 1:3:10 ratio — LP = 5 ppm; H,O, = 15 ppm; NH,Br = 50 ppm.
* (H) ~ high concentration mix. (L) — low concentration mix.

[0088] It was found that the ratio of the components is critical for maintaining a stable
antibacterial activity in the mixed solution after mixing the three components together. The

concentration of individual components in the mixture was found to be not important. Both high



concentration beyond the m ni num effective
concentration would not help inproving the

wa@pdosg2robi al activity of the7system signifi cBE/U§2006/022928
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LP-systens can be produced by pre-mxing all of the

NHeBmadrfeprns of hPavesoadded to 40 ed pggl substiste. Lavily, GOxwep added to the pulp
solution may then be applied to the site to be

slutry etatagidus Jimeerfiatibusvirony 2éxamitplletoh dhs20; He, -‘gbﬁ@%e&nd@ﬁm ohits/L. The
a LP-H2Q2- NH4Br antim crobial system by pre-m Xing.

sanfeQf8&ul waspiacddd qut domtiesting tho Gk-gloepsOfsysRenkZ3Rer 4B NH,Br and LP
was prepared as the following. 0.05 g of LP and 0.5 g

werefitHdd@tedwe tie: pudpl elirriy NA fterlalbaddificas,sthd obdtéres wel mixeDithoroughly and
wat er was added to the bottle to dissolve all of the

bacGgial @odudum SR Nverfzifosd wak inddnddd (R thedstiladideaive Dcdnbentration of about
bottle to make a sol utioncontaining the 3 conponents

3 xMX ey ap edtar houdsaffer MoeaEtiGR | 1UE D Bor €l tvais tglen (fdny kach bottle and
0.5% LP, 1.5% H2Q2, and 5% NH4Br. The wei ght ratio of

plafelliof nSRleht 4P 0MBF?, 103:2h8 183 dliftidds 2685 Mt Be . deMdtvaibn solution as the

solutions with other ratios and concentrations were

dinRbERMRY Af %&E&'Mé Yncuf)e{fgﬁegt' Pl g 81 LlafsNfid then the colonies in the

plates were counted. The percent kill and log reduction was calculated based on cfu/ml of control
and the treated culture. The control culture contained only bacterial cells in 10 ml pulp slurry.

[0090] The LP-NH,;Br-GO/Glu system was tested in pulp slurry for 24 hours with a fixed
concentration of LP, NHyBr, and glucose and GO concentrations ranging from 2.5 to 200 ppm,

with the results shown in Table 3.



solution was nade (considered as O hr), | O of the
above m xed solution was added to 10 nL pulp slurry to

w@eoe/1882mal concentrations inogulp slurry of SPEpPISIN6/022928
LP, 15 ppm O H2@ and 50 ppm O NH Br. A

TabBleQ. Qﬂ?ﬁ@ic?g"scﬁ hosWest IFONPLBE-SO/dHh Shtdnh $n Bﬁﬁﬁﬁﬁ’#&%t various
G(ﬂ@&ﬁéﬁ tfhegt) and the antibacterial "test ‘
the m xed soI ution was repeated at 1, 2, 4, 6, and 8
MOUES (th e M R BE (pphY 0B 7 1GIhddsBHETT OGb?ﬁE)ﬂo, V' L8 Reduction
e efd icacy of qohPZH U ZNHEr i Xfure gam nof[d T Mg
AQUEOGS SOl Jtion,jpfNe TIr €€ @amponents war e m Xed 567
ogether in DI wWapgr and the g Xxed Sof uti®@NS Ware 344
esteg Tor gniibagpertall actigul ity 1)n pulgpSturry at >5¢6
ITfersent tijmes abber m{xi ngo4The nm Xt uregowas tlestedsg
at t hree dif|f erenpowel giit rablgos as| LP HE®O NHABr = &1}
1:1:4G, (2) [1:1: 100 (3)|1:3:d@ For| eachigpati o,] thekes
iere & high [concanbrati on m x.4and a T ow monceni|r ati epe
mx (Table 2). The results of the antibacteri al

tivity of the m xed solytigns are presented in Tabhle .

["@(ﬁ Tal{S\ISeG(g COB%{T?H“C]P&‘S?S%& ?xﬂnf‘;}oo[frﬁnf@?eﬁs@%‘l &WP@Wd&Ptlbwﬂlal
LPZH O ZNHLj Br versus the tinme after m xing ed

actmﬂy |§2 Q3 §§ogég%1uﬁ‘réqn) As Ca‘@rcgléqeﬁ%@:gp further, §10¥qaﬁ:§|t0 20 U/L or above the
concentration of individual conmponents in the pul

sysigny ryigldegr @ stgongopptiagterigly jetivity,: prpdpeing 0>56 |lpes rqcbwfpcmn(Table 3).
H2Q2 = 10 ppm NH4Br = 400 ppm (2) 1:1:10 ratio - LP

Aceordipglypin aqlam %5 laps ppdctiedBe prefarod Pnronc@)tration:isl @bout 20 U/L
ratio - LP =5 ppm H2Q2 = 15 ppm NH4Br = 50 ppm *

(eq@ivplent thi0gtppoD e bigherat i on mi x. (L) - |ow concentration
mx. [0088] It was found that the ratio of the

[0092jnp o Aecringparisorc pfi thie catibdcteriaheiifindcyi ofi thg LR-NH.AM@O/Glu system versus
anti bacterial activity in the mxed solution after

GOfiihal algne Bseillubtragee! moRigoreeHt sThieaget dyetems Mree compared in the same GO
concentration of individual conponents in the m xture

convexgirafion Fhgé.dt Wes foahd thaphe LRNH,BBa /G sjheftgdneates efficacy at 5 U/L
concentration mxtures at the ratio of 1:3:10

of G| Whitd GELG18 alodk adquired ¥medH OHERr BTt ddaseiuatiora(80 ATL) tistayt generating
for at least 8 hours after mxing. Previous data in

effleX3Mon® 40 Ui sraG@diot iRt LA-NH, AR GRBGING sRAShchictd 85B&Nreduction,

i ndi vi dual conponents are added to the pulp slurry
wheRRAT0BE/LYor (9 \WBNeRAtes 34 1088 feduction if GO/glu is used alone (Fig. 11). The LP-

NH;Br-GO/Glu system demonstrated much stronger antibacterial activity than GO/glu acting
alone. Since the GO/Glu system produces only H,O, as an antimicrobial agent, these results
suggest that the LP-NHBr-GO/Glu system generates bromine-related antimicrobial compounds
that are stronger than H,O,.

[0093] A Time-Kill study for the LP-NH4Br-GO/Glucose and GO-Glucose systems was
carried out by the following procedure: 0.04 g of glucose, 50 ppm of NH4Br and 2 ppm of LP
were added to 10 ml of sterile pulp substrate in a ¥ -oz glass bottle. Lastly, 20 units/L of GO were
added to the pulp slurry. For the GO/glu only system, only 0.04 g glucose and 200 units/L of GO

were added to 10 ml pulp slurry. After all additions, the contents were mixed thoroughly and the



found that the 1:1:40 ratio is not effective when the
three conponents are pre-m xed together and then
wW@ppbilast7as a m xture to the-g2est system An i PCT/ESR6/022928
OH2O to 1:3:10 ratio was preferred in a pre-m xed
bottROkAY iPQ&lattéHAlg?af_nﬁbﬁicfhgaabBﬁtej QMOCELIBINARIFP. @BkioMobd At certain contact
Exanpl e 6: timcrobial activity of LP-NH Br-G uCGOSe
ﬁmeggﬂggfﬁ&&%/(%ﬁacpﬁﬁ {dons,%! £0,3005ih! Hdel By 252 RABAR 24 hr), 1.0 ml

I on agai nst Pseudoronas aer ugi nosa [ 0089]

: : (i y ¢ NEL i Bre b s y

conft HAE BBl i s ERE kol 8 e ion nicdl HEOSE AT 107, and 10

. f.ol | ow t.es i Q. f

citoffn; Gt o & caf RESEH Sion s 3, 8y on Blaieq T Yiec ARG houbated a
JQottle to provide.a.0.4%(w v) glucose in the t .

378t R0 B AAORNRC S e FFDFT b Rl kifing togreduction
10 mM pulp substrate. Lastl G0 was_ added to the pulp

werg Falpigtedipasgdion Giyan @8%’6‘%’??’5%?‘%“@%‘8%@: 5 units/L to
5, 10, 20, 40, 50, 100, and 200 units/L, The same

[0094] o c e Bher TP WL BE G Glacysam Wasriestedstithrgortingl §9 gimgsemtagon (20 UL)
system except that NH4Br and LP were not added to_ the

in gyl prbstrafe vprsuspensget dime @ dregiment timeh for (dstprspying ke kiling rate. The
m xed thoroughly and bacterial inoculumof P, )

value ofi §p @ oslactivaswirn mregstuecbef differeitecobloet: tirees afigr giogwatipn. The GO/glu
concentration of about 3 x 107 cells/m. At 24 hours

systafintag O A2@UUAL wasrincldded fod coppatisont Theetsst reskiénare slownda Eigure 12. As
bottle and plated on nutrient agar to 10 2 , 10"3, and

shod/ i thdiflgutel the L PUSHIRy-GOMRID dystabe derhonsasted a gsiok litliimgacten, reaching
the dilution blanks. Al plates were incubated at 37C

4 1olg®Fedidetion3n dayEmasckohtaentithé € he ol aem esodicedtares. ploas esluction after a 2
were counted. The percent kill and | og reduction was

hou€ &kanba The Gaxeld spfictf whith gaferR@ril0nlas dechntinderobigiatgent, showed a
culture. The control culture contained only bacterial

muétedibSeri kliAO ra. TR GO/6hSysiem 4t Q00T meshgedidr-cbifddBirat{dnl SHGO (200 vs
systemwas tested in pulp slurry for 24 hours with a

20 UIDyeAlCHBREN T abs Sddubionldfier W HRur cBitekt Olt WeweB&l MBdevelof >5.5 logs
concentrations ranging from2.5 to 200 ppm wth the

redi@SN hk& S rdhtrh@R! Whidh E3R18wd sloffef in6ARME ISNHEBr-GO/Glu system.
aer ugi nosa of LP-NH Br-GXG u systemin pulp slurry at

e B3R IR PRI 1 40000 RIS i o e
LP—%\]%{ilﬁﬁ-gg)?glru} sgftgm%gvi&é) a Yden el k?l}{ﬁé e gan ‘B&@A)g& peroxide generated

from the GO/Glu system. The LP-NH;Br-GO/Glu system has a potential application as a

sanitizer/disinfectant because of its fast killing behavior.

Example 7: pH effect on the antimicrobial activity of LP-NH4Br-H,O; system

[0095]  The effect of pH on the antimicrobial activity of the LP-NH;Br-HO, was determined
as follows: LP was pre-mixed with NH;Br in tap water to form a solution. The solution was then
adjusted to different pH values with NaOH or HCI. This pH-adjusted LP/NH,Br solution was then
mixed with a diluted H,O, solution to form a final mixed solution that contained all three

components and possessed antimicrobial activity. The final mixed solution was added to pulp



activity (2.6 to 3.6 logs reduction). As GO
concentration further increased to 20 UL or above,
W0 b@weayRrem yi el ded a st rong'é fi bacterial actP@I/Uy2006/022928
produci ng >5.6 | ogs reduction (Table 3 ._AccordjnglK, .
slufryytogive @@ieedx@np@g@thné gtithe icglﬁpoqeﬁ'@ fgreé(p ptingdhegmtimicrobial activity of
concentration is about 20 UZL (equivalent to 0.5 ppm

the &P shistether . [ 0092] A conpari son of the antibacteri al
efficacy of the LP-NH 4Br-GXZG u system versus GOZA u

[0096]one Al typicall preparaitor df ipre-Rixgd rselutian off hB-NIBr$1:6b evith pH adjustment
were conpared in the sane GO concentration range. It

mayas désotibed yntae fdlloevingP0 Stgr8ns GOXKHRr apyt St0Srgrgenel It wsre added to 50
efficacy at 5 UZL of GO, while GOZA u al one requires a

mLrafedp watghiera 4662 glag betler aklinnined Bell tdAirpditco asbiation having a pH of 6.95.
generating efficacy. Only 20 UZL of GO for the LP-NH

HCH BIN)GReGlsdd 3y adjast the DPaUeBr 36lutiog® ple AUt T a sepilies éas. bottle, 0.5
200 UZL of GO generates >5 logs reduction if GOZglu is

gra§ 8HHAD,QB6% Wadaddéd Jo SO0HHE oL R alk tdIKkh dilsis HED) solution (pH ~ 6.5).
denonstrated nmuch stronger antibacterial activity than

ThéSHRFIHAGS doMdioa wREowdy Pearel fifto GRIZCPIIEBS kEIMIR HBBRA gently to
only H2O2 as an antim crobi al agent, these results

geneh8OE Riix ek RButi b Sorkdtnil ot Blred KB FoHery, She ThaaRREAsMStion had a pH of

brom ne-rel ated antinicrobial conmpounds that are
L

34 {l%ﬂg%g?&_ l(?}%gzbéhﬁ%wﬁ/ooﬁ%%f}ﬁi GJBM]# b @¥refy Offtet Bking all three

ucose and ucose systens was

T
or 83l AT e B 38 Sy s

Aol b to ot oS e sk B e T el e rsuts

S urr%l. t4er all additions, the contents were m xed
e STy and thebottle was inocul ated by introducing

about 3 x 107 cells/m of P. aeruginosa. At certain

contact tinmes after inoculation (from1 mn to 5 10, )
Tablg 4. pH qﬁ‘eﬁf on, the a_ntﬂpl,cr(é),lal Lﬁfﬁ@cy 8 I_gﬁqyﬂé%-ﬁ?(% veysys Irpieruginosa in
pulpshrEnwithd$ bouk tratmeatfilse treated culture and pl at ed

on nutrient ag to 10 2 10"3 _and 10 4 dilutions

usPHhef th BEFde| deactiviation spl ution |as_the |diluti on
hl nnl%‘llu'ﬂoﬁfhn D N/ t 36'}9\: far B2 2 89

: ¢ € —= i

day8s Reyeiogo| pn t | lat re counted t he

S ety Lo, /|, LA8P1ALS YPT ¢ COptqd 8y the 55
* The mixed solution of LP-NH;Br-H,0, having a pH of 6.9 was prepared by mixing the three components without

pH adjustment.

[0097] As shown above, the pH of the pre-mixed solution of LP-NHsBr-H,O, can have an
effect on the antimicrobial efficacy of the system. The best condition is mixing three components
in water without pH adjustment or adjusting the pH to a slightly alkaline condition. The pH of the

pre-mixed solution without pH adjustment is around neutral.



were cal cul ated based on cfu/m of control and the
treated culture. [0094] The LP-NH4Br-GOZG u system was

W0 ewbass2at the optimal GO cormé@ntration (20 UZRYT/U82006/022928
pul p substrate versus contact tinme (or treatnment tine)

Exhmplec iGomigianisony of the akiimidrokjal effieacy ShNaBaANH92%4 veoys NH4Br as
reduction were neasured at different contact tines

halidéd sd innaoniuat soance fohBPSPtgins system at GO = 200 U/ L
was i ncluded for conparison. The test results are

[008pWN The dntibacteeiall Activities séfolaPrsystentsheontdigjug &aBri@§H,),S04 as a halide
LP- NH4Br - GOZG u system denonstrated a quick killing

so@€d hNan Ar@@GKIUMGsodrck ogse eetlacddi i puipnsliliy aadedngmred with LP-systems
contact tinme. The system produced a >5.5 | ogs

corit@iel g INFDBr Fhdieidual cdmpontntstofeiat P fiistembeeréXddedl sepatasd ety pulp slurry
whi ch generates H2Q2 as the antim crobial agent,

to ERQAWBHOWR [IPUGHnSEONET sylteink.| AV st b durE REni(@tdIhik dy@Gbedin Example 2
at a 10 tinmes greater concentration of GO (200 vs 20

washubdd 8 thY pYés@At@%QuéﬁoQ AQ@mpaishea off e AafibRkeridl ZctiRBE of the LP-H,0,-
cont act. reached the level of >5.5 | ogs reduction

R Ip st
NSRRI M0t s

is Rk iR ﬁ’glg‘é ? (r:)% &gtgrﬁ&llﬁﬁ %&Nlt-m %?@G%BWZ%@ @(}isté'r@foduced a level of

gener at systém provid

ool 0B T oSy 1 QSRR S SRR R o,

system has a potential appli cat| on as a

sani ti zer Zdi si nf ect ant because of its fast ki I [i ng
A A A AL N%ﬁé B Hpupro-
T t ltl
R RUR YRy egadm %few d ﬁ%j;'t"ﬁ Pt aPIifiReS)-
_determ ned--as Ll ows— L P was nre m-xe IJ[\\IITL_IAD _
(‘ppm}lijz@ upg%{ T éBE LI~ ALY : GTI. %E(%p\gli)u rl UII l."l'ol ill-logRedUCtlon
_adjiustodtoldiffer e.quopr Vates it hh dﬂ% Thiéssg
r\l—l_lnrh ot arll 1 DZANMARY Oonl i Aan 3 HEE N PN
—|uu llvn.q UoSTCUO LT £ |HPDT§‘€\JI gy Torry Ui A >56
—+H22—s el t+-efi—t0 frorma Fxedysotutfon—,

t '1f o t. Al ad | - Braa---Aommane fo—an ‘ A .
*tujr. ST u.! co | l. IO cT : UIT}J.UII?] LS D. almy PUDg(f.DﬁUU 4.0
—artHr-grobipl—actvi-y—Hrefting—mxe¢—sof gy oS 56

Aaddod +# el e v A o PPN | | £ d
bt CtU—t O pPur Pl Ty to grveuacsrTTEu conrcent alTUfl Ul

the conponents for evaluating the antim crobi al

activity of the LP system [0096] A typical
preparati on of pre-m xed solution of LP-NH4Br-H O with

[06)9 ad) SLiIm%Iar VA E\IaBr/(NH4)2504 was compared with NH4Br in the LP-GO/glucose systems.
Table 6 shows the antibacterial activities of the LP-GO/glu-NaBr/(NH4)>SO,4 system versus the
LP-GO/glu-NH,Br system against Ps. aeruginosa in pulp shurry by separate additions. The LP-
GO/glu-NaBr/(NH4),SO4 system generated a level of activity that was the same as or slightly
better than that of the LP-GO/glu-NH,Br system (Table 6).

[0100] It is concluded that the combination of two water-soluble salts, namely, NaBr and
(NH4),SO; has the same effectiveness as or a slightly better effectiveness than NH4Br as a halide

source and an ammonium source for producing antimicrobial agents in the LP-systems.



may be described by the followng. 0.5 grans O NH4Br
and 0.05 grans of LP were added to 50 nL of tap water

WO pooa/13820r gl ass bottle, and +82xed wel|l to proRPUDESA06/022928
solution having a pH of 6.95. HO (IN) was used to

Tadf @.SCoth&iJeB' ot BBterfetd A teffvacy of DIF-@0%du-NaBrANERPNCGH Persus LP-
GO/RENPABY | & pH1p° sHfr P Eaghfolst @s( %%5iﬁ‘&§ addrd theat Qlt”iay separate

ad@itioh§P Water to forma diluted solution (pH ~

6.5).” The diluted H2O2 solution was slowWy poured into
e P~ N BrGg ol Ut T@RcALd | T XE&8H Enm)zg@ JERELBLE[ @ 1og
M X@shysol|ut iRy cant adpiyng| al bpdphr g€ 0NeNtSpm)ThE Reduction
Inab m Xed gol utionob®d & preof 3.4 apd cont apgned| >546
"05% LP,| 0. 15% HZOZ00@Nnd| 0. 53 Br. spmedi at gl y 556
ftep mXingiall [thrieeo copporg@nits (i nt gyt he[solgiiofn, 56
.2 pL off tha m xied 1908 ut | on &F CPSNH 4Br - H O2 4¢as 5.6
dded to {10 niL pulp wburry toogi ve 10 gopm of [§8, 30 >56
pm o H @2, and 100 fopon O NHABr in pulgp substreat e. >5.6
Anti bacterial test were conducted follTow ng the
procedure described in Exanple 1 and the results are

[opWn Applidal §edificalBOinEorforatetthé bA1RE looBnth RE all cited references in this
antimcrobial efficacy of LP-NH Br-H O versus

disEloRRETHRASAwheh Rt4Roudt, bhdtniitioR, dulke Whiub bERRAL: i§ %g%n as either
* The m xed sol ution of LP-NH4Br-H2O2 having a pH o

oyl AL 8 s e 0 RGOSR g o
be gp?érﬁgoﬂs%iaﬁeéfﬁ%ﬁ%' ﬁQLIUEih% | Pingéspfohkéd%érﬁg&gﬁf;g@g%pw range limit

ect on ntrmcrobpl a flcacyo

or %ﬁ?%r%g t%tcllblglgg(g j«l . 18&'64 1an rfﬁggj%lrj E{%?eﬁ%d&%@&&%?ﬁ{}%@sgi ot vyﬂ%{h%{ ranges are

st nment

sepztléa:t(%l? IEI%érglos\‘:/%:(i{< o%:thg % 6%‘%%3# Elié?q%%cﬁfyaﬁ% sg%, lgeéi't]egl.n%.re%, %hgsg( oetﬁierwise stated,

A QBT S PR Bl A oSk PRl Bl it e

[ . f LP- ens [0098].. The . .

ror I Bt ited St R, PRE TS Prie o im i e gifc values recited
l\la&r%é_‘Ng\l—/ég) 2S04 as a halide source and an anmmDni um

when, fi¢: ?B&%val uated in pulp slurry and conpared wth
LP-systens contai ning NH4ABr. | ndividual conponents of .

[010pL | Othsy smbpdimgats of gladpéeée@éwpta%wg}l RecppfER ta these gkilled in the art

from consideration of the present specification and practice of the present invention disclosed
herein. It is intended that the present specification and examples be considered as exemplary only
with a true scope and spirit of the invention being indicated by the following claims and

equivalents thereof.



to formvarious LP-antimcrobial systenms. A test
procedure simlar to that described in Exanple 2 was
wa@s®wd/1382r1 t he present eval uati3sn. A conpari SonPCrf/U$1966/022928
anti bacterial activities of the LP-H2QO2-
WHAR B GEAIMEPASsyst em versus the LP-H 2Q2- NH4Br system
agal nst Ps. aeruginosa in pulp slurry is shown in

1. TablAen&hod &f cWolflﬂ%lihg ghth of At eabink! 6 or B 44 N’Mugég system or

system produced a Tevel of activity that mas the sane

on%%ul%ra@lch ie,l df s@ﬁoﬁﬁfg & fewntoradid WidrborERHR i daI N’ffi?ﬁod comprising:

system Conpari son of bacter I cacy

of {-n%vﬂ?r& ;3 aﬁ?@&&f&ﬂﬁ%@ Ba ?et’é??’dé WSurkd gj'%ﬁﬁlde N %{mc%ﬁ%ate wherein

pul p slurry against Ps. aeruginosa ( (2 r treat

thetRRAE Rlddt Qg@b e?ﬁéc?\m%ﬂ%ﬁ’h{ %Iﬂa_@&&@s@%@ﬁ&l-\' H%dﬁ%glwhereln the

was conpare ucose SysS

lacgtﬁg@gies B%é‘%dé?ﬁﬁ%%&)é@%&ﬁg glﬁ%l%gtr 'Stlﬁbéﬂaﬁgte and, ollgtlonally, ammonium

Jfrol’r{:> th OHIUII\III_LO%{CCS%% ?r%wgéc' b ar?’tmlx_]cmfnug%%%? 8 safgi a[c)lueo%s system or

Separat e a

N S st | evel .of, activ
Fﬁ é&“‘ate a? fe Cﬁ%ﬂé & &3 ) Cf"g’n’ﬁ? | %ﬂes BVl e e ' G at teast one
he ,@ u- NHdBr s ten1g 6). [0100] It is
m18r8?1r§?r88581 R ATUCPIESYES AT QA fHesH %rlatet wo wat er - sol ubl e
salts, namely, NaBr and (NHt) 2scn has the sane
ef fectiveness as or a slightly better effectiveness
than NHABr as a hal i de source and _an_anmoni um source
2. 1 or Thy Beftied piglaim b mheneaﬁh%\laﬁag@ﬁ%@aSP is qbfained from mammalian milk.
LP-systens. Tabl e 6. Conpari son of bactericida
efficacy of LP-GO glu-NaBr/(NH4)2SO4 versus LPGY
glu-NH4Br in pulp slurry against Ps. aeruginosa (24-hr
3. t r eBeaveethodbgf claimds svheredbl lartoprdxidgse isoublainkdgtancbavine milk.
specifically incorporate the entire contents of al
cited references in this disclosure. Further, when an
amount, concentration, or other value or paraneter is
4. gi VEre methed ¢ffvdaima , whergm, thqopeedada wdree drlg@rogon paokidst of
upper preferable values and | ower preferable val ues,
this is to be understood as specifically disclosing
all ranges forned fromany pair of any upper range
5. I'i nTlie methpd of @dimel] whatdietha peroaidy shavess chdifRlelpefdixide Ofercarbonate,
preferred val ue, regardl ess of whether ranges are
perB&pRIoR berkylfath, sEdopmathtio@écofa range of nuneri cal
values is recited herein, unless otherw se stated,

6. The method of claim 1, wherein the peroxide source is an enzymatic hydrogen peroxide
generating system that comprises a hydrogen peroxide generating enzyme and an enzyme

substrate that is acted upon by the enzyme to produce hydrogen peroxide.

7. The method of claim 1, wherein the hydrogen peroxide generating enzyme is glucose

oxidase and the enzyme substrate is glucose.

8. The method of claim 1, wherein the halide is in the form of a halide salt of an alkaline



the range is intended to include the endpoints
thereof, and all integers and fractions within the
WO 200ga382it i s not intended thad-the scope of tPET/US2006/022928
invention be limted to the specific values recited
metiPRIEARAd AltRehetal.r ange. [0102] O her enbodi ments of the
present invention will be apparent to those skilled in
the art from consideration of the present
speci fication and practice of the present invention
9. di Sk a5aHod6F giaﬁn 1, the?enﬁ HERdRE it Remdaien Br&RBAL sodium bromide,

specification and exanp es be consi dered as exenpl ary

pota(bmh% Woﬁngde cglE tﬁﬁ@e Mr‘nés%rﬁ'ﬂro fae.t gb@ldn{“{&f‘&e‘ QBtassium iodide,

el ng|r1 tate OW ng c al’ms and
amrgall{ +qe<ﬂet c‘?al(% Elgrl(?cﬁée %I rfe§ %@ﬁlh@@t !zd?'nblﬂatloﬁk fﬂ@ltegp d of
cont W Freat I east “one m croor gani sm
in an aqueous systemor on a substrate capabl e of
supporting a gromﬁh of said m croorgani sm the nethod

risin din cto erOX|d
10. per imfEho 386 E{@ ’c‘yhe elﬁﬁ]e%alég orP aﬁsfﬁ"b‘c?/zigat e, wher ein
the halide is not a chlorine, and optionally, d) an
amoni um sour ce under conditions wherein the
| act oper oxi das peroxi de from peroxi de spurce, halide
11 or khsi BeYech&f i&ﬁdl BBEEBNLe | §HocyAGNIS LI FITH Mipgyanate, ammonium
ammoni um source, interact to provide an antim crobia
thiogypawte, rPotagsigm é‘t}ﬂ‘é’@ﬁ%@ﬂ E‘?Té‘?fp%ﬂon§ ge¢°5ubstrate and
wherein said antim crobial agent controls the growth
of at | east one m croorganismin the aqueous system or
on the substrate. 2. The method of claim1, wherein
12.t heélHeanatimdet oleing dsweherein gistaginpaadinn paeerya AhamaRiup splk
3. The nethod of claim1, wherein the | actoperoxi dase
is obtained frombovine mlk. 4. The nmethod of claim
1, wherein the peroxide source is hydrogen peroxide.
13.5. ThHeenatietdroddlanh 1 owladrein the halide @idrthd drempEnmspaiee o botberovided by
i s carbam de peroxi de, percarbonate, perborate or
an fahedilrhabléde. or conbi nati ons thereof. 6. The net hod of
claim1, wherein the peroxide source is an enzymatic
hydr ogen peroxi de generating systemthat conprises a
hydr ogen peroxi de generating enzynme and an enzyne
14.  The method of claim 1, wherein the halide and the ammonium source are both provided by

ammonium bromide.

15. The method of claim 1, wherein the halide is sodium bromide and the ammonium source

is ammonium sulfate.

16.  The method of claim 1, wherein the antimicrobial agent is provided to an aqueous system
by adding the lactoperoxidase, peroxide source, halide or thiocyanate, and ammonium source to
the aqueous system so that the lactoperoxidase has a concentration in the aqueous system in the
range of from about 0.01 to about 1000 ppm, the peroxide source provides a concentration of

hydrogen peroxide in the aqueous system in the range of from about 0.01 to about 1000 ppm, the



substrate that is acted upon by the enzynme to produce
hydr ogen peroxide. 7. The nethod of claim1l, wherein

W b@ohgstrogen peroxi de generaiing enzyme i s gl BPCDES2006/022928
oxi dase and the enzyne substrate is glucose. 8. The

halifk R0 Rterfh@bdinkhe ¥yeo 8 sYsteidn el fatiee dfSfrdnd abde 0flab mbout 10,000
of a halide salt of an al kalinenetal or alkaline earth
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pot assi u |odlde, anmoni um i odi de, cal cium i odi de, or
magnesi um i odi de, or conbinations thereof. 10. The
met hod of claim11, wherein the halide is potassium

17. i C)".”[ihg Shetifoll of.-@a?mnl?t Qﬁgexﬂfth@ la@ﬂoﬁ%&xid%q{ag b Rofddfitration in the aqueous
0] te,

t hi ocyanate i's sodi um t hi ocyan anmoni um

t hi gcyanat e re. pot [ ' i.nat i .
vttt g oFRPaBRB L Db e3F 3 B, L sSRARE " HhhR rovides o
a ni um,sQurce 1 s.an_ammoni um . . f
congHP RS R RO R Bacaiar i ik e 5h 486 Bl o about
are hot rovi ded b n a nium hal ide.. 14. The
2005308 diF BFIGE PAT frmeoyFoR T TR et et cofdram ot 1 t0
source are_hoth provided by a niumbromde. 15. The . .
aboRotN P e 8 AFPROT R SR PO RBOR 3l PR Gyt ffoncatifation i the
brom de and the amoni um source i s anmmoni um sul f at e.
aqua@ys sysian e sEeHe! famphaug 0 QHEHREI PPRe ant i nicr obi al
agent is provided to an aqueous system by addi ng the
| act oper oxi dase, peroxi de source, halide or
thi ocyanate, and anmoni um source to the agueous system )
18. s 0 Ehiaametidtieof] ddaimoh ethssain the ererpxide£0pIsH detht PEY MBS hiregea peroxide
aqueous systemin the range of from about 0.01 to .
geneating sys@O0cqpprisingraluqoss oxidere asé wlusessp mégiedete yalide and ammonium
concentration of hydrogen peroxide in the aqueous
sousg sire foothnpiokided o etldir, fnd whatsiu thepargimiergbiabagent ippEvided to an
ppm thehalide has a concentration mthe aqueous
aquSytstsgstet byt ddding davgrepenixidase) NFaBo glud@sel oxidasa laodiglutese GO Ghe aqueous
ppm and the anmoni um source provi des an anmoni um i on
systein s thAieeindtoptdxddusé hastah@nearetansin the aqueous system in the range of from

about 0.01 to about 1000 ppm, NH4Br has a concentration in the aqueous system in the range of
from about 0.1 to about 10000 ppm, the glucose oxidase has a concentration in the aqueous
system in the range of from about 0.01 to about 500 and glucose has a concentration in the

aqueous system in the range of from about 1 to about 10,000 ppm.

19.  The method of claim 18, wherein the lactoperoxidase has a concentration in the aqueous
system in the range of from about 0.1 to about 50 ppm, NH,Br has a concentration in the aqueous
system in the range of from about 1 to about 500 ppm, the glucose oxidase has a concentration in
the aqueous system in the range of from about 0.05 ppm to about 50 ppm and glucose has a

concentration in the aqueous system in the range of from about 10 ppm to about 5000 ppm.



systemin the range of fromabout 0.0 to about 10, 000
ppm 17. The nethod of claim 16, wherein the
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systemin the range of fromabout 0.1 to about 50 ppm
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generating system conprising glucose oxidase an
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frorfil %Ec%nutt 0.i 150 %cg,laila%'\‘{r@b?ﬂ}l%g@i% ast%ﬁ%gglét}f% ng%{ eglgeous s¥s(§em in the
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the papeous S@ﬁﬂ?é%@?é?q%ﬁpﬁ?fntaﬁ%qugﬁgtg@lég@tpg’r%‘i n the range
of from about 0.01 to about 500 and gl ucose has a
concentration in the aqueous systemin the range of

fromabout 1 to about 10, 00 pm 19. The net hod. of,
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systemoimtiepisnge o filon abaih B tio 8Py SPrpPIy- R hpge cqneentration in the aqueous
concentration in the aqueous s%stem in the range of .
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glubsd haxge noreenteation én germpedtus sgstey st the reagepafi fixinn gbayt U g to about
oxi dase and gl ucose, wherein the halide is NaBr and
5000ppmanmoni um source is (NH ) SO4, and wherein the
antim crobial agent is provided to an aqueous

22.  The method of claim 1, wherein the peroxide source is an enzymatic hydrogen peroxide
generating system comprising glucose oxidase and glucose, wherein the halide is K1, and wherein
the antimicrobial agent is provided to an aqueous system by adding lactoperoxidase, K1, glucose
oxidase and glucose to the aqueous system so that the lactoperoxidase has a concentration in the
aqueous system in the range of from about 0.01 to about 1000 ppm, KI has a concentration in the
aqueous system in the range of from about 0.1 to about 10000 ppm, the glucose oxidase has a

concentration in the aqueous system in the range of from about 0.01 to about 500 and glucose has

a concentration in the aqueous system in the range of from about 1 to about 10,000 ppm.



system by addi ng | act operoxi dase, NaBr, (NH4)2SO4,
gl ucose oxi dase and gl ucose to the agueous system so
wao bab/184221 | act oper oxi dase has 3@-concentrati on POI/Uk®06/022928
aqueous systemin the range of fromabout 0.01 to
about 1000 ppm NaBr has a concentration in the
aqueous systemin the range of from about 0.1 to about

23.1008Q Qb G2 BOwWhREiAthe tEspREdxRfabORbsi At BRtaSMERURe aqueous
systemin the range of fromabout 0.1 to about 10000
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range of from about 1 to about 500 ppm (NtLO2SO4 has
a concentration in t he aqueous systen1in t he range of

fro t. 1 t 50 uc.ose iidase has
Ritte Gith %%m Wbt B e b6t R Bion s IEEE agifedus system
fron1about 0..05 m t o abouy and e h S a
o PR BacEbinig 1 dACKRGER 615@5%9@ S FPUf eﬂ? ocyanate, and,
from about 10 ppmto about 5000 ppm 22. The nethod Jof
optiqnailyn 2. aRMERRFMN SQUES PER oXFtefetos qumc 8 qoacegfategh 299}%‘95‘ dn which the
hydr ogen peroxi de generating system conprising ucose,
IR gasea IO 4 563 e DY Furafe a1l dhobids OpoRa dmmonium from
wherein the antimcrobial agent is provided to an )
the gepureqnitan squseeinicrgt edupyide ﬂra@ttmpérpb&fwgfem thg congeniatgd solution and
oxi dase and gl ucose to the aqueous system so that the
theh aplyipe thexcouksgeaterbsoluion dne aqueans wystemror thresubgitatous
systemin the range of from about 0.01 to about 1000
ppm Kl has a concentration in the agueous systemin
the range of fromabout 0.1 to about 10000 ppm the
25.9! uTlesaetbad cfdamidswhereia nicerncartied solntidrthe@ngaisesdagoperoxidase in a
systemin the range of from about 0.01 to about 500
cor@tiragibhl rothe rirgs ofl fromrubent 0.8t Wik té abduhé vaby, dBLUBr Biystwnentration in
in the range of fromabout 1 to about 10,000 ppm 23.
the Thigzenoftivad afut 0J1aiten B23bouhsr #t%, dddeHiCBdh @pehaxiratimen the range of
has a concentration in the agueous systemin the range

frofabbiit@03a04o MBouk 15 MtPDBAskd SPthB WEIghKbf théSordentrated solution.
concentration in the agueous

26.  The method of claim 24, wherein the concentrated solution comprises lactoperoxidase in a
concentration in the range of from about 0.05 wt% to about 0.5 wt%, NH4Br in a concentration in
the range of from about 0.5 wt% to about 5 wt%, and H,O, in a concentration in the range of from

about 0.15 wt% to about 1.5 wt%, based on the weight of the concentrated solution.

27.  The method of claim 24, wherein lactoperoxidase, H,O,, and NH4Br are present in the

concentrated solution at a weight ratio in the range of about 1:1:5 to about 1:10:100.



systemin the range of fromabout 1 to about 500 ppm
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ppm 24. The nethod of claim1, wherein the
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or substrate by conbining the | actoperoxidase,

per oxi de source, halide or thiocyanate, and,

optionally, an ammoni um source with water to form a
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per oxi de fromthe peroxide source, the halide and,
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nprises | acfoperoxidasé in a concentration in
§ L Yluiga WM % NH Br in
t a%&%%ﬁs’én ?%s?@“of?ﬁl%%ﬁ%t R R R e A
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d
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clai m 24, wherein | act operoxi dase, and NH4Br are

wito ahort 1. P Wi¥ohkasedhpretbn peigherf t%m?qnérﬁteétsolat%. ght ratio
in the range of about 1:1:5 to about 1:10:100.28. The
nmet hod of claim 24, wherein | actoperoxi dase, H2ZO2 and
NHABr are present in the concentrated solution at a

31.wei Hietmethed of dlaim2hewhaeip dectsperaisidate, MGy, NeBr, 20d (NiRe280. are present
met hod of claim 24, wherein the concentrated sol ution

in th@cqmpémmmdlsahtiorparao»digmmioiilmtha renga oéahoubt il §rb torabeuid:10:100:100.
range of from about 0.01 wt%to about 5 w% NaBr in a
concentration in the range of fromabout 0.1 wt%to
about 50 wt% (NEU)2SO4 in. a concentration in the

32.r anpe méthdd efielaim 24, wherein lactoperoxidase, H,O,, NaBr, and (NH4)2SO4 are present

in the concentrated solution at a weight ratio in the range of about 1:3:10:10.

33.  The method of claim 24, wherein the concentrated solution comprises lactoperoxidase in a
concentration in the range of from about 0.01 wt% to about 5 wt%, KI in a concentration in the
range of from about 0.1 wt% to about 50 wt%, and HO, in a concentration in the range of from

about 0.03 wt% to about 15 wt%, based on the weight of the concentrated solution.



about 0.1 Wmt%to about 50 % and H2OQ2 in a

concentration in the range of fromabout 0.03 W% to
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solution. 30. The method of claim?24, wherein the
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range of about 1:3:10:10. 33. The nethod of claim 24,
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wei ght of the concentrated solution.34. The nethod of
clai m 24, wherein the concentrated sol ution conprises
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present in the concentrated solution at a weight ratio
in the range of about 1:1:5 to about 1:10:100. 36. The
met hod of claim 24, wherein | actoperoxidase, HO, and
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processing water system, a white water system, a paper-making system or paper-processing

system.

39.  The method of claim 1, wherein the controlling growth of microorganisms in an aqueous
system is carried out by providing the antimicrobial agent to intake water of a metal working
system, a cooling water system, a waste water system, a food processing system, a drinking water
system, a leather-processing water system, a white water system for paper-making process, a

paper-making system or a paper-processing system.



or substrate by adding the | actoperoxi dase, peroxide
source, halide or thiocyanate, and, optionally, the
wa@pevonsszm sour ce, separatel y-#8-the aqueous SyRCEHDSINNG/022928
t he substrate under conditions wherein the
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systemor on the substrate. 38. The nethod of claim1,
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proetf.cequ Wg dBkd ng system a cooling water system a
wast e system a food processing system a
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I d hal .
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WHERE BF GRS TS B el e ST A CaRapm from the
produce hydr ogen ?EfOXIde prQV|d|ng a second water
am%‘@%’r’éll SQUiSERtgTaRP BN g Hmiggobial genbiand £ or m an enzyme
that has the propertY of acting upon the enzy
subypyiding the apppigiobial pgrat &yath AP Fiiem ardauswtrﬁwnd wherein the
first water soluble container and the second water
antiggprgbiak agemh tighibitsr the cerowtheel mitdeargandi i e saiprys eystem or on the
the enzyne that has the property of acting upon the
substistg.me substrate to produce hydrogen peroxi de acts
upon the enzynme substrate to produce hydrogen peroxide
and wherein the | act operoxi dase, hydrogen peroxi de,
hal i de and, optionally, ammniumfromthe
41.  The method of claim 40, wherein the step of adding the first water soluble container and

the second water soluble container to water under conditions wherein the enzyme that has the
property of acting upon the enzyme substrate to produce hydrogen peroxide acts upon the enzyme
substrate to produce hydrogen peroxide and wherein the lactoperoxidase, hydrogen peroxide,
halide and, optionally, ammonium from the ammonium source, interact to form an antimicrobial
agent, is carried out by the steps of

dissolving the first water soluble container in water to form a first concentrated solution
containing a lactoperoxidase, a halide or a thiocyanate, optionally an ammonium source, and an

enzyme substrate of an enzymatic hydrogen peroxide generating system,
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43 ¢ onfti PMPAELIH errepTiFingactanergxidass sprerpxidegionice; & haliderps @ thiocyanate,
in situ in the agueous systemor on the substrate. 42.
whetgin thehaligg igot ep&pfﬁl%@vd, WpiEgnally ap BEMORPINEOWdSat  has
the property of acting upon an enzyne substrate to
produce hydrogen peroxide is glucose oxidase and the
enzyme substrate is glucose. 43. A conposition
44.c onpld eoimpgsitiei 0 oylamaidi wleesain the pprokidr iselecesie hydregengperoxide.
hal i de or a thiocyanate,

45.  The composition of claim 43 wherein the peroxide source is carbamide peroxide,

percarbonate, perborate or persulfate, or combinations thereof.

46.  The composition of claim 43, wherein the peroxide source is an enzymatic hydrogen
peroxide generating system that comprises a hydrogen peroxide generating enzyme and an

enzyme substrate that is acted upon by the enzyme to produce hydrogen peroxide.

47.  The composition of claim 43, wherein the hydrogen peroxide generating enzyme is

glucose oxidase and the enzyme substrate is glucose.



wherein the halide is not a chloride, and, optionally,

an ammoni um source. 44. The conposition of claim43
wob@ce3s27t he per oxi de source-d2-hydrogen per oxPUEUS2086/022928

The conposition of claim43 wherein the peroxide

source i s carbam de peroxide, percarbonate, perborate

or persul fate, or conbinations thereof. 46. The

48.conp@sduhpRBitieh of Rinn44 3whebRr Bk matidkeispiaraX ifsteh sOumakkle salt of an
is an enzymati c hydrogen peroxi de generating system

alkhiBRIMAATPLIk SRS eartthiveangen peroxi de generating enzyne
and an enzyne substrate that is acted upon by the
enzyme to produce hydrogen peroxide. 47. The
conposition of claim43, wherein the hydrogen peroxide

49.9eNBY Ak Esi BRI ¥ Baiin 3T HG SR I O R8 $E1nARGhitR %r&ﬁ‘iaé’ EEdium bromide,
substrate is glucose.48. The conp03|t|on of claim 43,

t%ﬁﬁf 'ben{@ée claﬂkd %rdn?id# fé?l@m{u‘ﬁrm gtﬁﬁrh quﬁ@l ﬂota@glum iodide,

an al kal 1 né metal or alkalTne eart
amﬁlgﬁqgﬂlsibctllh% r8&11% L)&’ih gfl ?h ng%@fuﬁlelgﬁldg Q)‘? c&ﬁinhgt?ong %hereof
ArmToni um Brom-a rom ot assi umbrom d
caIC|un1bron1de, nagne5|un1bron1de sodi um i odi de,
potassiun1iodide amoni um i odi de, calciun1iodide or

magpesi um there
50. on R Tt PR R B 85 im st
potaSS|un1|od|de 51. The conposition of cIa|n143,
wherein the thiocyanate i's sodiun1thiocyanate
anmpni um t hi,oc ate SS|un1th|oc nat
51.corierfompasEon %@&@B’r 43, 8‘5‘6 e‘l‘h © (iRpaLe ?So%‘/? @foéi?/arﬁa‘k‘r‘sammomum
wherei n the ammpni um source i s, an a niumsalt. 53.
thioppianatey RPRASEINEITIIGEY ARG Heasb mW%‘Fé‘W%he hal i de and
t he ammoni um source are both provided by an amoni um
hal i de. 54. The conposition of claim43, wherein the
hal i de and the ammoni um source are both provided by
52.ammbliti aemppyibtend efelaig g3, Wheseip giesenanium sgRcedh ag gnagnium salt.
wherein the halide is sodium brom de and the anmoni um
source is anmoni um sul fate.

53.  The composition of claim 43, wherein the halide and the ammonium source are both

provided by an ammonium halide.

54.  The composition of claim 43, wherein the halide and the ammonium source are both

provided by ammonium bromide.

55.  The composition of claim 43, wherein the halide is sodium bromide and the ammonium

source is ammonium sulfate.

56.  The composition of claim 43 comprising an aqueous system containing lactoperoxidase at
a concentration in the range of from about 0.01 to about 1000 ppm, a peroxide source that

provides hydrogen peroxide at a concentration in the range of from about 0.01 to about 1000 ppm,



56. The conposition of claim43 conprising an aqueous
system cont ai ni ng | act oper oxi dase at a concentration

wo pooshss2range of from about 0481 to about 1000PE@PID$2086/022928
per oxi de source that provides hydrogen peroxide at a

a hARRGE AlcbAdch@itidnn thterah@Nefefradh abdu® 011abaBbut0.0DDO tpPmaBeliAn optional
1000 ppma halide at a concentration in the range of

amfhb AL 1t provRie@RPMhmMuRGn BPMondetira@in fPthe @@t of from about
amoni um sour ce that provides an anmoniumion at a

0.0 $OMRN{d,@0 .| N the range of from about 0.0 to about
10, 000 ppm™'57. A conposition conprising
| act oper oxi dase and amoni um brom de. 58. A
conposition conprising | actoperoxidase, sodi um

57.br o Elosﬁﬂ)q c%%ﬂ%ﬁb@ﬂérgﬁ&a%e aé@am&%uﬁ%‘aé..“ on of
claim 5%, conmprrsi an  aqueous system contal ni ng

| act operoxi dase in a concentration of from about 0.01

W %to about 5 wt% NH4Br in a concentration of from

abopt 0.1.w % t o _.about 50 % and H2COR.in .

58. .ok SRR B BT P BBt a5 0B WP Y B s gutete
based on the wei ght of said conposition. 60. The
conposition of claim 54, conprising an agueous system
contai ni ng | act operqxi dase. jn a concentration, of from . .

59.aboi[he SR mWr%)ti g u(fon@)_rlgmwa@@qqqpﬂ%srysﬁew coniaining lactoperoxidase in
concentration of fromabout 0.5 w%#to about 5 w %

a cepisentratiep of fom abeH Wit 1oRodr> Wi s i 2 gonegnition o from about
about 1.5 wt % based on the weight of said

0.1 dﬁ%ﬁ@é‘b@‘ﬁéﬁ.""t‘éﬂ andrHOxdB msersepirgionof fiomeabeptsh03 wive fetheut 15 wis,
the | act operoxi dase, H2O2, and NH4Br, are present at a

baspbprythe weight of sefd egpwasitian. 1: 5 to about 1:10: 100. 62. The
conposition of claim 54, wherein | actoperoxidase,
H2O2, and NH4Br, are present at a weight ratio of
about 1:3:10. 63. The conposition of claim 55,

60.c orfPirei ®mpgsition efoplein b4, ©pgirisimg eo aquebwd gygtem containing lactoperoxidase in
| act operoxi dase in a concentration of from about 0.01

a cuictntraioadutond abdug0.08laB6 tanalmuc Or3cetish,r MHiBminaf cdncannation of from
about 0.1 wt%to about 50 % (NHU)2SO4 in a

aboROO6 et tatabent 508t%4, aadrHabointa @ndenthilont &f fadno alioub0.15 wt% to about 1.5
wt % and H20 in a concentration of |Irom about 0.03 wt%

wi% Coasddiitt thd reiphOof shidsedp@itidnhe wei ght of said
conposi tion.

61.  The composition of claim 54, wherein the lactoperoxidase, H,0,, and NH4Br, are present

at a weight ratio of about 1:1:5 to about 1:10:100.

62.  The composition of claim 54, wherein lactoperoxidase, H>O,, and NH;Br, are present at a

weight ratio of about 1:3:10.

63.  The composition of claim 55, comprising an aqueous system containing lactoperoxidase in
a concentration of from about 0.01 wt% to about 5 wt%, NaBr in a concentration of from about

0.1 wi% to about 50 wt%, (NH;).SO, in a concentration of from about 0.1 wt% to about 50 wt%,



64. The conposition of claim55, conprising an aqueous
system cont ai ni ng | act operoxi dase in a concentration
w@boobnsszrabout 0.05 wt% to abayt 0.5 w % NaBrPCTIUS2006/022928
concentration of fromabout 0.5 wt%to about 5 w %
and D)1 8SYndehtratios @R E6Mtabalti0W3 vabs folaBbit e @Ys, Based WA MetwRight of said
about 5 wt% and H2Q2 in a concentration of from about
colpckRiopt % to about 1.5 wt % based on the wei ght of said
conp03|t|on 65. The conposition of claim55, wherein
t he | act operoxi dase, H20 , NaBr and (NEU)2SM4, are
present at a weight ratio of about 1 1 5:5 to about

641 1%%91&{)%}gon @pclan];%% E&Kﬂlaﬂéfraﬁlgtag gg'u émoﬁéxm%g]ﬁ&gﬁeﬁ]omdase in

1 act'oper ase SOF, “are pr esent

a c&liceﬁtré@@# %P {“ro&aa‘i)b : ‘3@0 H)t abg)ut?l) §'Q't°/1 0Na]§r ih a cgffcentratlotn of from about
conposli alm ,

of c cONnprisi ng’ an aqueous’ s

05908 7 zg;ionggs |45 BOE5R AR eol ARG ANH 21,00 ts%;yf LB but 5 wits,
anlod (i P Sehreor ot o %%%%W AR o0 TR %%%edv&no% weight of

ased Qn the wei ght of said conposition. 68. The
said SORASIOPon of clai m 50, conprising an aqueous system
cont ai ni ng | actoperoxi dase in a concentration of from
about 0.05 wt% to about 0.5 wt% KI in a concentration
of fromabout 0.5 wt%to about 5 W % H2Q2 in
65.c onElngamopigan of cleing Y anbriein Ghel§CRRP%¥16asﬁb%%Qza Naljr wb/&NHLOzSO%
based on the weight of said conposition. 69. The
d@?ﬁiﬁlﬁsiF@Wé#ﬁhU’Pﬂ%P%arbﬁV@Ol Swepkauh 14 fd09:30% oper oxi dase,
H2Q2, and KI are present at a weight ratio of about
1:1:5 to about 1:10:100.70. The conposition of claim
50, wherein | actoperoxidase, H 2, and Kl are present
66.at ‘Bhenenneresitipm of olai 55bwherein 1@ toperoxidase, The2. % owid tNBn)2S0;, are
of claim 43, conprising an aqueous system containi ng
prebamatweﬁglﬁird'a)smfahoutdﬁchhwent ration in the range of
fromabout 0.01 to about 1000 ppm NH4Br at a
concentration in the range of fromabout 0.1 to about
10, 000 ppm glucose oxidase at a concentration in the
67.r anpiee composition of claim 49, comprising an aqueous system containing lactoperoxidase in

a concentration of from about 0.01 wt% to about 5 wt%, KI in a concentration of from about 0.1
wi% to about 50 wt%, and H,O, in a concentration of from about 0.03 wt% to about 15 wt%,

based on the weight of said composition.

68.  The composition of claim 50, comprising an aqueous system containing lactoperoxidase in
a concentration of from about 0.05 wt% to about 0.5 wt%, KI in a concentration of from about 0.5
wt% to about 5 wt%, and H,O; in a concentration of from about 0.15 wt% to about 1.5 wit%,

based on the weight of said composition.

69.  The composition of claim 50, wherein the lactoperoxidase, H2O,, and KI are present at a

weight ratio of about 1:1:5 to about 1:10:100.



of from about 0.01 to about 500 ppm and gl ucose at a

concentration in the range of fromabout 1 to about
waoeass2ppm 72. The conposi t-i46R of cl ai m 43, PCT/US2006/022928

conpri sing an aqueous system cont ai ni ng

| act oper oxi dase at a concentration in the range of

fromabout 0.01 to about 1000 ppm NaBr at a

70 CONERNESASdsRdn o ddi saReRreRf ldfopsroriasiel HIOS, dn@ 1ab@Ytpresent at a
10, 000 ppm (NH4) SO4 at a concentration in the range

weftht fa£i00F #Raui:39p1 to about 10,000 ppm gl ucose oxidase
at a concentration in the range of fromabout 0.01 to
about 500 ppm and gl ucose at a concentration in the
range of from about 1 to about 10,000 ppm 73. The
7120 n’@f?eséqtrﬁr?%‘ifigﬁ oteélﬁlnrﬁ?:f’ §om1§rf§m%ra'nsa bu Sy st e tTniny ft%%tgﬂgroxidase at

contal ning | act oper oxl dase at” a conceritration In

a c'émgﬁatﬁn a{{n 3 oc}ftfrogn Qﬁlou{ @0??(? M;oufl 9(8% L}ﬁ:ﬁg]l\?ﬁ?g %Ia% g(bntcentration in

concen ifon1h the range o rom a
10. 00 s ' ncentr at i [n_fthe

et SRR el ST B bR iSOG Rl RegralilEin e range
t a.concentrati in th ange. of from.about 1 tq

of RS Gt Bt 00 BPm S eleBli Gt P sk B B kg faps? of from about 1

erej n.the conposition is maintained in a

toé@ﬁ%ﬁgﬂpﬁ?FTy non-reacting formfor a period of tine
by keeping the glucose oxi dase physically separated
fromthe | act operoxi dase, glucose, halide or
t hi ocyanate, and optional ammoni um source. 75. ' The .

72 ¢ onpsssamnepition ofglaimy3y aompiisEiesn RA¥eoys ystrabetaining etgperoxidase at
i s kept under anaerobic conditions. 76. The o

a cepnepiEdioniinthe sAnge Phram 2Rout\Y{d e pbpuf HRD0 ppEt HY3BF aba epasetration in the
gl ucose, halide or thiocyanate, and optional amoni um

range of femabeutifelto gbautal 0000 PPmnAYIEH2SCY al b (cancepitation A thegarge of from
gl ucose oxidase is kept in a second water-sol ubl e

abaip Atlp alequt &9,00(hienmsighicosreoxidags Yenonsentiatinn in gerergsef from about 0.01
gl ucose oxi dase, halide or thiocyanate, and optiona

to alromb A9 pprs @od ghicaseant @anenegntratibni in the voge af frem abowutt 1 krgbout 10,000
at | east one separate conpartnent so that the glucose

ppoxi dase i s physically separated fromthe
| act oper oxi dase, glucose, halide or thiocyanate, and
opti onal anmoni um sour ce.

73.  The composition of claim 43, comprising an aqueous system containing lactoperoxidase at
a concentration in the range of from about 0.01 to about 1000 ppm, KI at a concentration in the
range of from about 0.1 to about 10,000 ppm, glucose oxidase at a concentration in the range of
from about 0.01 to about 500 ppm and glucose at a concentration in the range of from about 1 to

about 10,000 ppm.

74.  The composition of claim 47, wherein the composition is maintained in a substantially
non-reacting form for a period of time by keeping the glucose oxidase physically separated from

the lactoperoxidase, glucose, halide or thiocyanate, and optional ammonium source.



77. The conposition of claim43, containing glucose

oxi dase, | actoperoxi dase, ammoni um brom de and gl ucose
w@rooa/132rght rati o rangi ng f+46m about 1: 1: 10: 1POTI/US2006/022928

about 1:5:100:5000. 78. The conposition of claim43,
75. CO'T“B@'CBanéhthJnU§p§l@1r9X7‘4d FiRreil At oRessexoxidse is kopti uder anaerobic

brom de ammoni um sul fate and gl ucose at a weight ratio

cond’ﬁ%gl ng from about 1:1:10:10:100 to about

1 100: 100: 5000. 79. The conposition of claim 43,

contai ni ng gl ucose oxi dase, |actoperoxidase, potassium

i odi de and glucose at a weight ratio ranging from

b
76. & Q‘g% ncélm%q ﬂfigngptglﬁﬁlp 7@% en;-%h% Qc%eﬁ)qgﬁse, 8ficosB, KB 8Fthiocyanate,

e growt east one

and ga%o&’lgﬁ%r%%?m&?ﬂ sot.rllrc? Qreckiggtam Ry ﬂ%éter-&ﬂbfer éoﬂ{a’me? Emd"?%dé@omdase is

a mcroorgant sm

kep’(t IH & S%CICS)SI —scg%bri irtuj:xl%r %grggftfle ?E@f)&&lﬁésg, gq‘l;co(%?g jud&¥e oxidase,
hahgeoc?r t ocygm?ﬂ: ?ﬂ}g Sgﬁ%a&% ar%rﬁom%lsourgé gx@cor’ﬁam@d {ntﬁteclog%?n@ fﬁgt 1fhs at least

one separate compartment so that the glucose oxidase is physically separated from the

lactoperoxidase, glucose, halide or thiocyanate, and optional ammonium source.

77.  The composition of claim 43, containing glucose oxidase, lactoperoxidase, ammonium

bromide and glucose at a weight ratio ranging from about 1:1:10:100 to about 1:5:100:5000.

78.  The composition of claim 43, containing glucose oxidase, lactoperoxidase, sodium
bromide ammonium sulfate and glucose at a weight ratio ranging from about 1:1:10:10:100 to

about 1:5:100:100:5000.

79. The composition of claim 43, containing glucose oxidase, lactoperoxidase, potassium

iodide and glucose at a weight ratio ranging from about 1:1:10:100 to about 1:5:100:5000.

80. A method of controlling the growth of at least one microorganism in or on a product,
material, or medium susceptible to attack by a microorganism, the method comprising adding to

the product, material, or medium the composition of claim 43.

81.  The method of claim 80, wherein the material or medium is in the form of a solid, a

dispersion, an emulsion, or a solution.



