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(57) ABSTRACT 

The present invention relates to methods for reducing micro 
bial contamination on poultry, or on surfaces used in process 
ing poultry, employing compositions including medium 
chain peroxycarboxylic acid, and to the compositions. The 
methods include applying a medium chain peroxycarboxylic 
acid composition to poultry or to the surfaces. 
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METHODS FOR WASHING POULTRY 
DURING PROCESSING WITH MEDIUM 
CHAIN PEROXYCARBOXYLIC ACID 

COMPOSITIONS 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/754,396, ?led Jan. 9, 2004, noW 
allowed, the entire disclosure of Which is incorporated herein 
by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to methods for reduc 
ing microbial contamination on poultry, or on surfaces used in 
processing poultry, employing compositions including 
medium chain peroxycarboxylic acid, and to the composi 
tions. The methods include applying a medium chain peroxy 
carboxylic acid composition to poultry or to the surfaces. 

BACKGROUND OF THE INVENTION 

[0003] All poultry carcasses entering the processing envi 
ronment are contaminated With microorganisms, some With 
pathogenic bacteria such as Salmonella. Fecal matter and dirt 
are the main sources of this contamination. As a result of such 
contamination, poultry is typically Washed at any of several 
steps during the process of converting a live bird to an edible 
food product. Such Washing aims to remove dirt, offal, blood, 
viscera, other debris, and microbes from the poultry. Remov 
ing or reducing microbes aids the safe storage and consump 
tion of poultry, yet many existing Washing procedures fail to 
signi?cantly reduce the microbe burden on poultry. The 
potential for poultry skin to become cross-contaminated is 
Worsened by the ability of all types of microorganisms to 
adhere Within only 15 seconds of contact. Once in the pro 
cessing environment, a signi?cant number of carcasses can 
become cross-contaminated With pathogens during handling, 
scalding, mechanical processing, and chilling. Current meth 
ods for many of these procedures also fail to signi?cantly 
reduce the microbe burden on poultry. 
[0004] Water used for Washing or these other procedures is 
often used repeatedly over time, Which provides yet another 
opportunity for spreading, rather than reducing, microbial 
burden on poultry. For example, the Water becomes contami 
nated With organic matter and microbes from the poultry, and 
the organic matter provides nutrients for microbial groWth in 
the Water over time or through additional use. These microbes 
can groW on and contaminate additional poultry and process 
ing equipment. In particular, Water left untreated in a submer 
sion bath tends to decontaminate poultry early in a shift but 
contaminates poultry later in the shift. In fact, such Water has 
been identi?ed as a potential source of coliform, E. coli and 
Salmonella contamination or cross contamination during 
poultry processing. Salmonella and other microorganisms are 
generally undesirable to the poultry, the Water, and can cause 
buildup on all Water contact surfaces of slime or bio?lm, 
Which requires frequent cleaning to remove. 
[0005] Microbial contamination or cross contamination of 
poultry via Water continues to be a major concern for poultry 
processors and endusers.Although Washing, cooling, or heat 
ing poultry carcasses With Water can reduce potential con 
tamination, the processing Water can also serve as a source of 
contamination or cross contamination. If pathogenic micro 
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organisms in Water are not removed, inactivated or otherWise 
controlled, they can spread to other poultry, potentially con 
taminating them. Further, handling or processing steps that 
pool many individual poultry parts tend to increase the risk 
that a single contaminated item may contaminate the entire 
lot. Immersing or spray-Washing poultry in fresh Water can 
help reduce surface populations of microorganisms. HoWever 
sterilization by repeated Washing, even With sterile Water, 
cannot be achieved because microorganisms Within tissues of 
poultry remain in place. 
[0006] The addition of antimicrobial agents to Wash or 
process Water can inactivate vegetative bacteria cells in Water, 
helping avoid contamination. Ideally, an antimicrobial agent 
or compound used in such a system Will have several impor 
tant properties in addition to its antimicrobial e?icacy. The 
compound or agent should have no technical effect on the 
?nal food product. Residual activity implies the presence of a 
?lm of antimicrobial material Which Will continue to have 
antimicrobial effect Which may require further rinsing of the 
food product. The antimicrobial agent can also be odor free to 
prevent transfer of undesirable odors onto food stuffs. If 
direct food contact occurs, the antimicrobial agent should 
also be composed of food additive materials Which Will not 
affect food Wholesomeness, nor affect humans should inci 
dental ingestion result. In addition, the antimicrobial agent 
can be composed of naturally occurring or innocuous ingre 
dients, Which are chemically compatible With the environ 
ment and cause no concerns for toxic residues Within the 
Water. 

[0007] In the past, poultry Wash or process Waters have 
generally been treated With chlorinated compounds, organic 
acids, acidi?ed sodium chlorite, trisodium phosphate, or 
oZone. Generally, these materials are effective in reducing 
microbial contamination on poultry. HoWever, the use rate of 
these antimicrobials is very high because they are not effec 
tive at loW concentrations or they tend to be rapidly consumed 
by the high organic load included With the poultry. Excessive 
chlorination of food processing Water With hypochlorite has 
prompted concern over production of toxic or carcinogenic 
organochlorine compounds and other by-products. 
[0008] Further, the e?icacy of conventional antimicrobial 
agents on the surface of poultry is often limited. For example, 
it has been reported that, generally, concentrations of more 
than 4 Wt-% of organic acids or of 5 to 10 Wt-% of trisodium 
phosphate are required to effectively reduce contamination of 
poultry skin by S. zyphimurium. Antimicrobial agents such as 
peroxides or lactic acid can result in discoloring, bleaching, 
or bloating of poultry tissue. 
[0009] The EPA approved a peroxyacetic acid-based com 
position in 1996 for controlling microbial groWth and reduc 
ing bio?lm formation in fruit and vegetable transport or pro 
cess Waters. From a historical perspective, peroxyacetic acid 
has been used for food contact surface sanitiZing, aseptic 
packaging and medical device cold-steriliZation. In addition 
to its biocidal properties, the environmentally-friendly 
decomposition byproducts and good stability in the presence 
of organic matter helped gain acceptance of this technology 
among fruit and vegetable packers, handlers, and processors. 
Such conventional peroxycarboxylic acid compositions typi 
cally include short chain peroxycarboxylic acids or mixtures 
of short chain peroxycarboxylic acids and medium chain 
peroxycarboxylic acids (see, e.g., US. Pat. Nos. 5,200,189, 
5,314,687, 5,409,713, 5,437,868, 5,489,434, 6,674,538, 
6,010,729, 6,111,963, and 6,514,556). 
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[0010] Nevertheless, there remains a need for improved 
antimicrobial compositions for addition to Waters used for 
Washing or processing poultry. 

SUMMARY OF THE INVENTION 

[0011] The present invention relates to methods for reduc 
ing microbial contamination on poultry, or on surfaces used in 
processing poultry, employing compositions including 
medium chain peroxycarboxylic acid, and to the composi 
tions. The methods include applying a medium chain peroxy 
carboxylic acid composition to poultry or to the surface. The 
compositions and methods of the invention provide an anti 
microbial agent useful in Water for Washing or processing 
poultry, that has a high degree of antimicrobial e?icacy, and 
that is safely ingestible by humans While imposing no unac 
ceptable environmental incompatibility. 
[0012] The compositions of the invention and other 
medium chain peroxycarboxylic acid antimicrobial compo 
sitions can be employed in methods for reducing microbial 
contamination on poultry and in Water used for Washing or 
processing poultry. These methods include applying to the 
poultry during processing a medium chain peroxycarboxylic 
acid antimicrobial composition, for example in an amount 
and time su?icient to reduce the microbial population. The 
composition can be applied by methods including submers 
ing, rinsing, spraying, or air chilling the poultry, or a combi 
nation of these routes. During processing, the composition 
can be applied to Whole, dismembered, portioned, or boned 
poultry. 
[0013] In an embodiment, the method includes recovering a 
medium chain peroxycarboxylic acid antimicrobial compo 
sition previously applied to poultry. The recovered composi 
tion can be treated by adding a su?icient amount of a medium 
chain peroxycarboxylic acid to yield a recycled medium 
chain peroxycarboxylic acid antimicrobial composition. The 
recycled medium chain composition includes a reduced level 
of microbes, such as human pathogens, and can be disposed 
of more safely. Alternatively, the recycled medium chain 
composition can be applied to poultry during processing. In 
an embodiment, the medium chain peroxycarboxylic acid 
added to form the recycled composition is formed by adding 
a concentrate composition of medium chain peroxycarboxy 
lic acid to form a composition With suitable use antimicrobial 
levels of the medium chain peroxycarboxylic acid. 
[0014] In an embodiment, the antimicrobial composition of 
the present invention includes medium chain peroxycarboxy 
lic acid, solubiliZer, oxidizing agent, and acidulant. Such a 
composition can include about 0.0005 to about 5 Wt-% 
medium chain peroxycarboxylic acid; about 0.001 to about 
10 Wt-% medium chain carboxylic acid; about 0 to about 
99.99 Wt-% Water; and about 0.001 to about 80 Wt-% solubi 
liZer effective for solubiliZing the medium chain peroxycar 
boxylic acid and the medium chain carboxylic acid. The 
composition can include a microemulsion and/or about 2 or 
more parts by Weight of medium chain peroxycarboxylic acid 
for each 7 parts by Weight of medium chain carboxylic acid. 
In use form, the medium chain peroxycarboxylic acid com 
position can include about 2 to about 500 ppm medium chain 
peroxycarboxylic acid, about 5 to about 2000 ppm medium 
chain carboxylic acid, about 95 to about 99.99 Wt-% Water; 
and about 2 to about 16,000 ppm solubiliZer. 

DETAILED DESCRIPTION OF THE INVENTION 

De?nitions 

[0015] As used herein, the phrase “medium chain carboxy 
lic acid” refers to a carboxylic acid that: 1) has reduced or is 

Jun. 11, 2009 

lacking odor compared to the bad, pungent, or acrid odor 
associated With an equal concentration of small chain car 
boxylic acid, and 2) has a critical micellar concentration 
greater than 1 mM in aqueous buffers at neutral pH. Medium 
chain carboxylic acids exclude carboxylic acids that are in? 
nitely soluble in or miscible With Water at 20° C. Medium 
chain carboxylic acids include carboxylic acids With boiling 
points (at 760 mm Hg pressure) of 180 to 300° C. In an 
embodiment, medium chain carboxylic acids include car 
boxylic acids With boiling points (at 760 mm Hg pressure) of 
200 to 300° C. In an embodiment, medium chain carboxylic 
acids include those With solubility in Water of less than 1 g/L 
at 25° C. Examples of medium chain carboxylic acids include 
pentanoic acid, hexanoic acid, heptanoic acid, octanoic acid, 
nonanoic acid, decanoic acid, undecanoic acid, and dode 
canoic acid. 
[0016] As used herein, the phrase “medium chain peroxy 
carboxylic acid” refers to the peroxycarboxylic acid form of 
a medium chain carboxylic acid. 
[0017] As used herein, the phrase “short chain carboxylic 
acid” refers to a carboxylic acid that: 1) has characteristic bad, 
pungent, or acrid odor, and 2) is in?nitely soluble in or mis 
cible With Water at 20° C. Examples of short chain carboxylic 
acids include formic acid, acetic acid, propionic acid, and 
butyric acid. 
[0018] As used herein, the phrase “short chain peroxycar 
boxylic acid” refers to the peroxycarboxylic acid form of a 
short chain carboxylic acid. 
[0019] As used herein, the term “solubiliZer” refers to a 
component of the present compositions to that makes soluble 
or increases the solubility in a carrier (e.g., Water) of the 
medium chain carboxylic acid, medium chain peroxycar 
boxylic acid, or mixture thereof. For example, in an embodi 
ment, the solubiliZer can keep a composition including 
medium chain carboxylic acid, medium chain peroxycar 
boxylic acid, or mixture thereof in solution or can keep the 
composition remain ?nely and evenly dispersed under ordi 
nary storage conditions Without forming a separate layer. The 
solubiliZer can, for example, solubiliZe a medium chain car 
boxylic acid to an extent suf?cient to alloW it to react With an 
oxidiZing agent, such as hydrogen peroxide. A solubiliZer can 
be identi?ed by a test that measures phase separation under 
ordinary storage conditions, such as room temperature, 100° 
F, or 60° C. As used herein, the term “solubiliZer” does not 
include short chain carboxylic acids; they are not solubiliZers. 
[0020] As used herein, the term “microemulsion” refers to 
a thermodynamically stable dispersion of one liquid phase 
into another stabiliZed by an interfacial ?lm of surfactant. The 
dispersion can be oil-in-Water or Water-in-oil. Microemul 
sions are typically clear solutions When the droplet diameter 
is approximately 100 nanometers or less. In an embodiment, 
the present microemulsion composition is a shear thinning 
viscoelastic gel that has a blue tyndall appearance. 
[0021] As used herein, the phrases “blue tyndall appear 
ance” or “blue tyndall” refer to a bluish hue due to scattering 
of blue light or the blue region of the light spectrum. 
[0022] As used herein, the phrases “viscoelastic gel” and 
“viscoelastic liquid” refer to a liquid composition that exhib 
its both viscous and elastic characteristics or responses, 
Which is indicative of long range order or structure. 
[0023] As used herein, a composition or combination “con 
sisting essentially” of certain ingredients refers to a compo 
sition including those ingredients and lacking any ingredient 
that materially affects the basic and novel characteristics of 
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the composition or method. The phrase “consisting essen 
tially of’ excludes from the claimed compositions and meth 
ods short chain carboxylic acids, short chain peroxycarboxy 
lic acids, or mixtures thereof; unless such an ingredient is 
speci?cally listed after the phrase. 
[0024] As used herein, a composition or combination “sub 
stantially free of” one or more ingredients refers to a compo 
sition that includes none of that ingredient or that includes 
only trace or incidental amounts of that ingredient. Trace or 
incidental amounts can include the amount of the ingredient 
found in another ingredient as an impurity or that is generated 
in a minor side reaction during formation or degradation of 
the medium chain peroxycarboxylic acid. 

[0025] As used herein, the phrase “a level insuf?cient to 
solubiliZe” refers to a concentration of an ingredient at Which 
the ingredient is not su?icient to solubiliZe an insoluble mate 
rial and to keep the composition substantially in one phase. 

[0026] As used herein, the phrases “objectionable odor”, 
“offensive odor”, or “malodor” refer to a sharp, pungent, or 
acrid odor or atmospheric environment from Which a typical 
person WithdraWs if they are able to. Hedonic tone provides a 
measure of the degree to Which an odor is pleasant or unpleas 
ant. An “objectionable odor”, “offensive odor”, or “malodor” 
has an hedonic tone rating it as unpleasant as or more unpleas 
ant than a solution of 5 Wt-% acetic acid, propionic acid, 
butyric acid, or mixtures thereof. 

[0027] As used herein, the term “microorganism” refers to 
any noncellular or unicellular (including colonial) organism. 
Microorganisms include all prokaryotes. Microorganisms 
include bacteria (including cyanobacteria), lichens, fungi, 
protoZoa, virinos, viroids, viruses, phages, and some algae. 
As used herein, the term “microbe” is synonymous With 
microorganism. 
[0028] As used herein the term “poultry” refers to all forms 
of any bird kept, harvested, or domesticated for meat or eggs, 
and including chicken, turkey, ostrich, game hen, squab, 
guinea foWl, pheasant, quail, duck, goose, emu, or the like and 
the eggs of these birds. Poultry includes Whole, sectioned, 
processed, cooked or raW poultry, and encompasses all forms 
of poultry ?esh, by-products, and side products. The ?esh of 
poultry includes muscle, fat, organs, skin, bones and body 
?uids and like components that form the animal. Forms of 
animal ?esh include, for example, the Whole or part of animal 
?esh, alone or in combination With other ingredients. Typical 
forms include, for example, processed poultry meat, such as 
cured poultry meat, sectioned and formed products, minced 
products, ?nely chopped products and Whole products. 
[0029] As used herein, the phrase “poultry processing sur 
face” refers to a surface of a tool, a machine, equipment, a 
structure, a building, or the like that is employed as part of a 
poultry processing, preparation, or storage activity. Examples 
of poultry processing surfaces include surfaces of poultry 
processing or preparation equipment, of poultry processing 
Wares or utensils, and of ?oors, Walls, or ?xtures of structures 
in Which poultry processing occurs. Poultry processing uten 
sils or tools include stunning apparatus, knife, sharpening 
steel, sharpening stone, scabbard and belt for holding knives, 
meat saW, cleaver, conveyor, bucket, Working platform, scald 
ing barrel or tank, pot, barrel or system for boiling Water, 
scrapers, scraping table or platform, thermometer, hook, 
bleeding hooks, blood-catching trough, Wash trough, hand 
Wash-basin, rack, table, tank, cutting table, tote, bin, Wrap 
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ping table, paper or plastic foil/bags for poultry Wrapping, 
tool holder, metal mask, safety glove, boning apron, safety 
apron, and the like. 
[0030] As used herein, the phrase “poultry processing 
machinery” refers to equipment used from ?rst processing or 
slaughter through chilling and includes conveyor, shackle, 
killing machine, blood tunnel, scalder, picking machine, 
post-picking rinse cabinet, feet “hock” cutter, head cutter, 
neck breaker/oil (preen) gland remover, vent cutter, opening 
machine, evisceration machine, pack puller, crop remover, 
lung remover, carcass Washer, inside-out Washer, antimicro 
bial rinse cabinet, chiller; and also refers to equipment used 
for second processing or processing parts (e.g., deboning, and 
portion control) and including carcass splitter, deboner, cut 
ters, and packaging. 
[0031] As used herein, the phrase “poultry debris” refers to 
any debris, residue, material, dirt, offal, poultry part, poultry 
Waste, poultry viscera, poultry organ, fragments or combina 
tions of such materials, and the like removed from a poultry 
carcass or portion during processing and that enters a Waste 
stream. 

[0032] As used herein, the terms “mixed” or “mixture” 
When used relating to “peroxycarboxylic acid composition” 
or “peroxycarboxylic acids” refer to a composition or mixture 
including more than one peroxycarboxylic acid, such as a 
composition or mixture including peroxyacetic acid and per 
oxyoctanoic acid. 
[0033] As used herein, the phrase “densi?ed ?uid” refers to 
a ?uid in a critical, subcritical, near critical, or supercritical 
state. The ?uid is generally a gas at standard conditions of one 
atmosphere pressure and 0° C. As used herein, the phrase 
“supercritical ?uid” refers to a dense gas that is maintained 
above its critical temperature, the temperature above Which it 
cannot be lique?ed by pressure. Supercritical ?uids are typi 
cally less viscous and diffuse more readily than liquids. In an 
embodiment, a densi?ed ?uid is at, above, or slightly beloW 
its critical point. As used herein, the phrase “critical point” is 
the transition point at Which the liquid and gaseous states of a 
substance merge into each other and represents the combina 
tion of the critical temperature and critical pressure for a 
substance. The critical pressure is a pressure just su?icient to 
cause the appearance of tWo phases at the critical tempera 
ture. Critical temperatures and pressures have been reported 
for numerous organic and inorganic compounds and several 
elements. 
[0034] As used herein, the terms “near critical” ?uid or 
“subcritical” ?uid refer to a ?uid material that is typically 
beloW the critical temperature of a supercritical ?uid, but 
remains in a ?uid state and denser than a typical gas due to the 
effects of pressure on the ?uid. In an embodiment, a subcriti 
cal or near critical ?uid is at a temperature and/ or pressure just 
beloW its critical point. For example, a subcritical or near 
critical ?uid canbe beloW its critical temperature but above its 
critical pressure, beloW its critical pressure but above its criti 
cal temperature, or beloW both its critical temperature and 
pressure. The terms near critical and subcritical do not refer to 
materials in their ordinary gaseous or liquid state. 
[0035] As used herein, the term “about” modifying the 
quantity of an ingredient in the compositions of the invention 
or employed in the methods of the invention refers to varia 
tion in the numerical quantity that can occur, for example, 
through typical measuring and liquid handling procedures 
used for making concentrates or use solutions in the real 
World; through inadvertent error in these procedures; through 
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differences in the manufacture, source, or purity of the ingre 
dients employed to make the compositions or carry out the 
methods; and the like. The term about also encompasses 
amounts that differ due to different equilibrium conditions for 
a composition resulting from a particular initial mixture. 
Whether or not modi?ed by the term “about”, the claims 
include equivalents to the quantities. 
[0036] Differentiation of antimicrobial “-cidal” or “-static” 
activity, the de?nitions Which describe the degree of ef?cacy, 
and the of?cial laboratory protocols for measuring this e?i 
cacy are considerations for understanding the relevance of 
antimicrobial agents and compositions. Antimicrobial com 
positions can effect tWo kinds of microbial cell damage. The 
?rst is a lethal, irreversible action resulting in complete 
microbial cell destruction or incapacitation. The second type 
of cell damage is reversible, such that if the organism is 
rendered free of the agent, it can again multiply. The former is 
termed microbiocidal and the later, microbistatic. A sanitiZer 
and a disinfectant are, by de?nition, agents Which provide 
antimicrobial or microbiocidal activity. In contrast, a preser 
vative is generally described as an inhibitor or microbistatic 
composition. 
[0037] For the purpose of this patent application, successful 
microbial reduction is achieved When the microbial popula 
tions are reduced by at least about 50%, or by signi?cantly 
more than is achieved by a Wash With Water. Larger reductions 
in microbial population provide greater levels of protection 
for processed poultry product. 
[0038] As used herein, a composition or combination “con 
sisting essentially” of certain ingredients refers to a compo 
sition including those ingredients and lacking any ingredient 
that materially affects the basic and novel characteristics of 
the composition or method. The phrase “consisting essen 
tially of’ excludes from the claimed compositions and meth 
ods: a coupling agent; an ingredient that cannot be employed 
in food products or in food Wash, handling, or processing 
according to Us. government rules or regulations; and/or a 
peroxycarboxylic acid or carboxylic acid With 10 or more 
carbon atoms; unless such an ingredient is speci?cally listed 
after the phrase. 

Poultry Processing Employing Medium Chain Peroxycar 
boxylic Acid Compositions 

[0039] The concentrate and use compositions of the present 
invention can be employed for a variety of antimicrobial 
purposes, for example as or for forming Water-based systems 
for processing and/ or Washing poultry. The present composi 
tions and methods can be employed for processing poultry 
and/ or poultry meat at any step from gathering the live birds 
through packaging the ?nal product. For example, the present 
compositions and methods can employed for Washing, rins 
ing, chilling, or scalding poultry carcasses, poultry carcass 
parts, or poultry organs for reducing contamination of these 
items With spoilage/decay-causing microorganisms, and 
pathogenic microorganisms. 
[0040] Before processing, live poultry are generally trans 
ported to and gathered at the beginning of a processing line. 
Poultry can be Washed before entering the processing line. 
Processing typically begins With sacri?cing the bird, typically 
by electrical stunning, folloWed by neck cutting and bleeding. 
A ?rst Washing step, knoWn as scalding (e.g. submersion or 
immersion scalding) typically folloWs bleeding and loosens 
attachment of feathers to poultry skin. Submersion scalding 
can be accomplished according to the methods and employ 
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ing compositions of the present invention. Submersion scald 
ing typically includes immersing a stunned and bled bird into 
a scalding hot bath of Water or a liquid antimicrobial compo 
sition, typically at a temperature of about 50 to about 80° C. 
or about 50 to about 60° C. The liquid antimicrobial compo 
sition in the bath can be agitated, sonicated, or pumped to 
increase contact of the composition With the carcass. Scalding 
is generally conducted in a scald tank or trough, Which con 
tains the scalding liquid With suf?cient liquid depth to com 
pletely submerse the poultry carcass. The carcass is generally 
transported through the tank or trough by conveyor at a speed 
that provides a feW minutes in the scalding liquid. 
[0041] According to the present invention, the scalding 
bath can include a medium chain peroxycarboxylic acid anti 
microbial composition, for example, a composition of the 
present invention. In an embodiment, the scalding hot bath 
contains a medium chain peroxycarboxylic acid antimicro 
bial composition With about 2 to about 50 ppm, about 10 to 
about 200 ppm, or about 10 to about 20 ppm of peroxycar 
boxylic, and amounts and additional ingredients as described 
herein. The scalding bath can also include one or more of the 
additional ingredients permitted in scalding baths. 
[0042] After submersion scalding, the poultry can be 
picked, rinsed, and, optionally, singed before the next Wash 
ing process. This second Washing process is generally knoWn 
as “dress” rinsing, “New York dress” rinsing, or post-pick 
rinsing, Which rinses residual feathers and follicle residues 
from the carcass. Dress rinsing typically includes spraying a 
picked carcass With Water, typically at a temperature of about 
5 to about 30° C. To increase contact With the carcass, the 
antimicrobial compositions in the spray Water can be applied 
at higher pressures, ?oW rates, temperatures, or With agitation 
or ultrasonic energy. Dress rinsing is typically accomplished 
With a Washing apparatus such as a Wash or spray cabinet With 
stationary or moving spray noZZles. Alternatively, a “?ood” 
rinsing or liquid submersion Washing apparatus may be used 
immediately after picking. 
[0043] According to the present invention, picker rinsing or 
dress rinsing can be accomplished employing a medium 
chain peroxycarboxylic acid antimicrobial composition, for 
example a composition of the present invention. For example, 
the dress rinsing can employ a medium chain peroxycarboxy 
lic acid antimicrobial composition With about 2 to about 500, 
about 10 to about 200, about 50 to about 300 ppm, or about 
100 to about 200 ppm of peroxycarboxylic acid, and addi 
tional ingredients as described herein. 

[0044] Dress rinsing is typically a ?nal Washing step before 
dismembering the poultry. Dismembering can include 
removing the head, the feet, eviscerating, and removing the 
neck, in any order commonly employed in poultry process 
ing. Washing can also occur during dismembering. The dis 
membered and eviscerated poultry can then be subjected to a 
Washing step knoWn as inside-outside bird Washing (IOBW). 
Inside-outside bird Washing Washes the interior (body cavity) 
and exterior of the bird. Inside-outside bird Washing typically 
includes rinsing the interior and exterior surfaces of the car 
cass With streams or ?oods of Water, typically at a temperature 
of about 5 to about 30° C. To increase contact With the carcass, 
the antimicrobial compositions in the spray Water can be 
applied at higher pressures, ?oW rates, temperatures, or With 
agitation or ultrasonic energy. Inside-outside bird Washing is 
generally accomplished by an apparatus that ?oods the bird 
carcass With streams of Water in the inner cavity and over the 
exterior of the carcass. Such an apparatus can include a series 
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of ?xed spray nozzles to apply antimicrobial composition to 
the exterior of the bird and a rinse probe or bayonet that enters 
and applies antimicrobial composition to the body cavity. 
[0045] According to the present invention, inside-outside 
bird Washing can be accomplished employing a medium 
chain peroxycarboxylic acid antimicrobial composition, for 
example, a composition of the present invention. For 
example, inside-outside bird Washing can employ a medium 
chain peroxycarboxylic acid antimicrobial composition With 
about 2 to about 500, about 10 to about 200, about 20 to about 
200 ppm, or about 50 to about 100 ppm of peroxycarboxylic 
acid, and additional ingredients as described herein. 
[0046] After inside-outside bird Washing, both the interior 
and the exterior of the bird can be subjected to further decon 
tamination. This further decontamination can be accom 
plished in part by a step commonly knoWn as antimicrobial 
spray rinsing, sanitizing rinsing, or ?nishing rinsing. Such 
rinsing typically includes spraying the interior and exterior 
surfaces of the carcass With Water, typically at a temperature 
of about 5 to about 30° C. To increase contact With the carcass, 
the antimicrobial compositions in the spray Water can be 
applied using ?xed or articulating nozzles, at higher pres 
sures, ?oW rates, temperatures, With agitation or ultrasonic 
energy, or With rotary brushes. Spray rinsing is typically 
accomplished by an apparatus such as a spray cabinet With 
stationary or moving spray nozzles. The nozzles create a mist, 
vapor, or spray that contacts the carcass surfaces. 

[0047] According to the present invention, antimicrobial 
spray rinsing, sanitizing rinsing, or ?nishing rinsing can be 
accomplished employing a medium chain peroxycarboxylic 
acid antimicrobial composition, for example, a composition 
of the present invention. For example, spray rinsing can 
employ a medium chain peroxycarboxylic acid antimicrobial 
composition With about 2 to about 500, about 10 to about 200, 
about 50 to about 300 ppm, or about 100 to about 200 ppm of 
peroxycarboxylic acid, and additional ingredients as 
described herein. 

[0048] After spray rinsing, the bird can be made ready for 
packaging or for further processing by chilling, speci?cally 
submersion chilling or air chilling. Submersion chilling both 
Washes and cools the bird to retain quality of the meat. Sub 
mersion chilling typically includes submersing the carcass 
completely in Water or slush, typically at a temperature of less 
than about 5° C., until the temperature of the carcass 
approaches that of the Water or slush. Chilling of the carcass 
can be accomplished by submersion in a single bath, or in tWo 
or more stages, each of a loWer temperature. Water can be 
applied With agitation or ultrasonic energy to increase contact 
With the carcass. Submersion chilling is typically accom 
plished by an apparatus such as a tank containing the chilling 
liquid With su?icient liquid depth to completely submerse the 
poultry carcass. The carcass can be conveyed through the 
chiller by various mechanisms, such as an auger feed or a drag 
bottom conveyor. Submersion chilling can also be accom 
plished by tumbling the carcass in a chilled Water cascade. 

[0049] According to the present invention, submersion 
chilling can be accomplished employing a medium chain 
peroxycarboxylic acid antimicrobial composition, for 
example, a composition of the present invention. For 
example, submersion chilling can employ a medium chain 
peroxycarboxylic acid antimicrobial composition With about 
2 to about 500, about 10 to about 200, about 2 to about 100 
ppm, or about 2 to about 30 ppm of peroxycarboxylic acid, 
and additional ingredients as described herein. 
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[0050] Like submersion chilling, air chilling or cryogenic 
chilling cools the bird to retain quality of the meat. Air cool 
ing can be less effective for decontaminating the bird, as the 
air typically Would not dissolve, suspend, or Wash aWay con 
taminants. Air chilling With a gas including an antimicrobial 
agent can, hoWever, reduce the burden of microbial, and 
other, contaminants on the bird. Air chilling typically 
includes enclosing the carcass in a chamber having a tem 
perature beloW about 5° C. until the carcass is chilled. Air 
chilling can be accomplished by applying a cryogenic ?uid or 
gas as a blanket or spray. 

[0051] According to the present invention, air chilling can 
be accomplished employing a medium chain peroxycarboxy 
lic acid antimicrobial composition, e.g., a composition of the 
present invention. For example, air chilling compositions can 
include a gaseous or densi?ed ?uid medium chain peroxycar 
boxylic acid antimicrobial composition. 
[0052] After chilling, the bird can be subjected to additional 
processing steps including post-chill submersion, post-chill 
spray, Weighing, quality grading, allocation, portioning, deb 
oning, and the like. This further processing can also include 
methods or compositions according to the present invention 
for Washing With medium chain peroxycarboxylic acid com 
positions. For example, it can be advantageous to Wash poul 
try portions, such as legs, breast quarters, Wings, and the like, 
formed by portioning the bird. Such portioning forms or 
reveals neW meat, skin, or bone surfaces Which may be sub 
ject to contamination and bene?t from treatment With 
medium chain peroxycarboxylic acid antimicrobial compo 
sition. Similarly, deboning a poultry carcass or a portion of a 
poultry carcass can expose additional areas of the meat or 
bone to microbial contamination. Washing the deboned poul 
try carcass or portion With a medium chain peroxycarboxylic 
acid composition can advantageously reduce any such con 
tamination. In addition, during any further processing, the 
deboned meat can also come into contact With microbes, for 
example, on contaminated surfaces. Washing the deboned 
meat With a medium chain peroxycarboxylic acid composi 
tion can reduce such contamination. Washing can be accom 
plished by spraying, immersing, tumbling, or a combination 
thereof, or by applying a gaseous or densi?ed ?uid antimi 
crobial composition. 
[0053] Usable side products of poultry include heart, liver, 
and gizzard (e.g. giblets), neck, feet, and the like. These are 
typically harvested later in processing, and are sold as food 
products. Of course, microbial contamination of such food 
products is undesirable. Thus, these side products can also be 
Washed With a medium chain peroxycarboxylic acid compo 
sition in methods of the present invention. Typically, these 
side products Will be Washed after harvesting from the poultry 
carcass and before packaging. They can be Washed by sub 
mersion or spraying, or transported in a ?ume including the 
antimicrobial composition. They can be contacted With an 
antimicrobial composition according to the invention in a 
giblet chiller or ice chiller. 

[0054] The poultry, poultry product, poultry portion, poul 
try side product, or the like can be packaged before sending it 
to more processing, to another processor, into commerce, or 
to the consumer. Any suchpoultry can be Washed With a Water 
based medium chain peroxycarboxylic acid antimicrobial 
composition, Which can then be removed (e.g., drained, 
bloWn, or blotted) from the poultry. In certain circumstances 
Wetting the poultry before packaging is disadvantageous. In 
such circumstances, a gaseous or densi?ed ?uid form of the 
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peroxycarboxylic acid antimicrobial composition can be 
employed for reducing the microbial burden on the poultry. 
Such a gaseous composition can be employed in a variety of 
processes knoWn for exposing poultry to a gas before or 
during packaging, such as modi?ed atmosphere packaging. 
[0055] The advantageous stability of medium chain per 
oxycarboxylic acid compositions in such methods, Which 
include the presence of poultry debris or residue, makes these 
compositions competitive With cheaper, less stable, and 
potentially toxic chlorinated compounds. Embodiments of 
methods of the present invention include agitation or sonica 
tion of the use composition, particularly as a concentrate is 
added to Water to make the use composition. In an embodi 
ment, the present methods include Water systems that have 
some agitation, spraying, or other mixing of the solution. The 
poultry product can be contacted With the compositions of the 
invention effective to result in a reduction signi?cantly 
greater than is achieved by Washing With Water, or at least a 
50% reduction, at least a 90% reduction, or at least a 99% 
reduction in the resident microbial preparation. 
[0056] The present methods can employ a certain minimal 
contact time of the composition With poultry for occurrence 
of signi?cant antimicrobial effect. The contact time can vary 
With concentration of the use composition, method of apply 
ing the use composition, temperature of the use composition, 
amount of soil on the poultry, number of microorganisms on 
the poultry, or the like. In an embodiment, the exposure time 
is at least about 5 to about 15 seconds. 

Spraying Poultry 

[0057] An embodiment of the present method for Washing 
poultry employs a pressure spray of the medium chain per 
oxycarboxylic acid composition. During application of the 
spray solution on the poultry product, the surface of the 
poultry product can be moved With mechanical action, e.g., 
agitated, rubbed, brushed, etc. Agitation can be by physical 
scrubbing of the poultry product, through the action of the 
spray solution under pres sure, through sonication, or by other 
methods. Agitation increases the ef?cacy of the spray solu 
tion in killing micro-organisms, perhaps due to better expo 
sure of the solution into the crevasses or small colonies con 

taining the micro-organisms. The spray solution, before 
application, can also be heated to a temperature of about 15 to 
20° C. or about 20 to 60° C. to increase ef?cacy. 
[0058] Application of the material by spray can be accom 
plished using a manual spray Wand application, an automatic 
spray of poultry product moving along a production line using 
multiple spray heads to ensure complete contact or other 
spray apparatus. One automatic spray application involves 
the use of a spray booth. The spray booth substantially con 
?nes the sprayed composition to Within the parameter of the 
booth. The production line moves the poultry product through 
the entryWay into the spray booth in Which the poultry prod 
uct is sprayed on all its exterior surfaces With sprays Within 
the booth. After a complete coverage of the material and 
drainage of the material from the poultry product Within the 
booth, the poultry product can then exit the booth in a fully 
treated form. The spray booth can include steam jets that can 
be used to apply the antimicrobial compositions of the inven 
tion. These steam jets can be used in combination With cool 
ing Water to ensure that the treatment reaching the poultry 
product surface is less than 65° C., or less than 60° C. The 
temperature of the spray on the poultry product can ensure 
that the poultry product is not substantially altered (cooked) 

Jun. 11, 2009 

by the temperature of the spray. The spray pattern can be 
virtually any useful spray pattern. 

Immersing Poultry 
[0059] During processing of the poultry product, the poul 
try product can be immersed into a tank containing a quantity 
of Washing solution. The Washing solution can be agitated to 
increase the e?icacy of the solution and the speed in Which the 
solution reduces micro-organisms accompanying to the poul 
try product. Agitation can be obtained by conventional meth 
ods, including ultrasonics, aeration by bubbling air through 
the solution, by mechanical methods, such as strainers, 
paddles, brushes, pump driven liquid jets, or by combinations 
of these methods. The Washing solution can be heated to 
increase the e?icacy of the solution in killing micro-organ 
isms. In an embodiment, the poultry product can be immersed 
in the Washing solution after the poultry product has been 
eviscerated and before any cooling process such as a chiller 
tank or a chill Water spray. In an embodiment, the poultry 
product can be immersed in the Washing composition post 
chill. 

Foam Treating Poultry 

[0060] In another alternative embodiment of the present 
invention, the poultry product can be treated With a foaming 
version of the composition. The foam can be prepared by 
mixing foaming surfactants With the Washing solution at time 
of use. The foaming surfactants can be nonionic, anionic or 
cationic in nature. Examples of useful surfactant types 
include, but are not limited to the folloWing: alcohol ethoxy 
lates, alcohol ethoxylate carboxylate, amine oxides, alkyl 
sulfates, alkyl ether sulfate, sulfonates, quaternary ammo 
nium compounds, alkyl sarcosines, betaines and alkyl 
amides. The foaming surfactant is typically mixed at time of 
use With the Washing solution. Use solution levels of the 
foaming agents is from about 50 ppm to about 2.0 Wt-%. At 
time of use, compressed air can be injected into the mixture, 
then applied to the poultry product surface through a foam 
application device such as a tank foamer or an aspirated Wall 
mounted roamer. 

Gel Treating Poultry 

[0061] In another alternative embodiment of the present 
invention, the poultry product can be treated With a thickened 
or gelled version of the composition. In the thickened or 
gelled state the Washing solution remains in contact With the 
poultry product surface for longer periods of time, thus 
increasing the antimicrobial ef?cacy. The thickened or gelled 
solution Will also adhere to vertical surfaces. The composi 
tion or the Washing solution can be thickened or gelled using 
existing technologies such as: xanthan gum, polymeric thick 
eners, cellulose thickeners or the like. Rod micelle forming 
systems such as amine oxides and anionic counter ions could 
also be used. The thickeners or gel forming agents canbe used 
either in the concentrated product or mixing With the Washing 
solution, at time of use. Typical use levels of thickeners or gel 
agents range from about 100 ppm to about 10 Wt-%. 

Light Treating Poultry 
[0062] In another alternative embodiment of the present 
invention, the poultry product can be exposed to an activating 
light (or other electromagnetic radiation) source folloWing 
application of the Washing solution. The activating light (or 
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other electromagnetic radiation) can improve the antimicro 
bial e?icacy of the Washing solution. The light can be ultra 
violet light, infrared light, visible light, or a combination 
thereof. Other forms of electromagnetic radiation include 
radar and microWave. 

Processing Poultry Wash Water 

[0063] Washing poultry can employ a large volume of 
Water, or another carrier. Poultry Wash Water can be used more 
than once (recycled), provided the Water can be treated so that 
it does not transfer undesirable microbes to the poultry being 
Washed With the recycled Wash Water. One Way to prevent the 
transfer of such undesirable microbes, is to reduce the micro 
bial burden of the recycled Wash Water by adding a medium 
chain peroxycarboxylic acids. For example, if the ?uid to be 
recycled is Water-based and lacking any peroxycarboxylic 
acid, a medium chain peroxycarboxylic acid concentrate 
composition can be added to result in an effective antimicro 
bial concentration of medium chain peroxycarboxylic acid in 
the ?uid to be recycled. Alternatively, if the ?uid to be 
recycled already includes or has included a peroxycarboxylic 
acid, a medium chain peroxycarboxylic acid concentrate 
composition can be added to increase any concentration of 
medium chain peroxycarboxylic acid to an effective antimi 
crobial level. It may be that the medium chain peroxycar 
boxylic acid in the solution to be recycled has been totally 
depleted, in Which case more of the medium chain peroxy 
carboxylic acid composition is added. 
[0064] In some circumstances, the Water to be recycled 
includes a substantial burden of organic matter or microbes. If 
this is the case, the Water may be unsuitable for recycling. 
HoWever, if the Water is to be recycled, the operator adds a 
suf?cient quantity of the medium chain peroxycarboxylic 
acid composition to provide an effective antimicrobial 
amount of the medium chain peroxycarboxylic acid after a 
certain amount is consumed by the organic burden or 
microbes already present. Then, the recycled ?uid can be used 
With antimicrobial effect. Routine testing can be employed 
for determining levels of medium chain peroxycarboxylic 
acid, or of organic burden. 
[0065] In each case, the method of recycling the poultry 
Wash Water includes recovering the poultry Wash Water, add 
ing a medium chain composition of peroxycarboxylic acids, 
and reusing the poultry Wash Water for Washing poultry, for 
example, as described above. The poultry Wash Water can be 
recovered from steps in poultry processing including submer 
sion scalding, dress rinsing, inside-outside bird Washing, 
spray rinsing, and submersion chilling. Methods of recover 
ing Wash Water from these steps are Well-knoWn to those 
skilled in the poultry Washing and/or processing arts. The 
Wash Water can also be strained, ?ltered, diluted, or otherWise 
cleaned in processed during recycling. 

Test Methods for Reducing Microbial Populations on Poultry 

[0066] Spray application of an antimicrobial composition 
of the invention can be tested and shoWn to signi?cantly 
reduce bacterial pathogen contamination on poultry carcass 
samples. Carcass samples can be contaminated With, for 
example, Salmonella Zyphimurium ATCC 13311, Escheri 
chia coli serotype O157:H7 ATCC 43895, or Listeria mono 
cylogenes (Petite Scott A) ATCC 49594. Identities of these 
bacteria can be con?rmed based on gram stain reactions, 
microscopic morphology and groWth characteristics using 
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the appropriate selective medium. These strains can be groWn 
in culture, by conventional techniques, and adjusted to yield, 
for example, 2107 colony forming units per milliliter (CFU/ 
mL). 
[0067] Carcass samples can be prepared by inoculating the 
exterior of a thaWed piece of chicken skin With a suitable 
volume of a pathogen culture. The square of skin can be 
depressed to form a boWl, and the culture can be alloWed to sit 
in this boWl for, for example, 5 min to alloW attachment of the 
bacteria. After attachment, culture can be removed from the 
skin sample and each sample can be placed on a metal stand, 
epidermal side/ inoculated side up. 
[0068] The skin sample can be then sprayed With an anti 
microbial composition. For use, the composition can be 
diluted to, for example, 200110 ppm total medium chain 
peroxycarboxylic acid. The poultry carcass sample can be 
sprayed With the composition for, for example, 15 seconds at 
60 psi and room temperature. 
[0069] After spraying, the skin samples can be aseptically 
removed and placed into solution including an agent that 
inactivates the peroxycarboxylic acids Without killing bacte 
ria. The remaining bacteria can be suspended by vortexing 
and serial dilutions of this solution can be plated for groWth of 
the bacteria. Dilutions can be prepared using phosphate buff 
ered dilution Water (PBDW). S. zyphimurium and L. monocy 
logenes plates can be incubated at 37° C. for 48 hours. E. coli 
O157:H7 plates can be incubated at 37° C. for 24 hours. For 
each sample, the number of colony forming units per skin 
square can be calculated. 

[0070] Analysis of the numbers of bacteria on skin samples 
can demonstrate that spray application of the antimicrobial 
composition of the invention signi?cantly reduces levels of, 
for example, Salmonella zyphimurium, Escherichia coli, and 
Listeria monocylogenes. 
[0071] Submersion application of an antimicrobial compo 
sition of the invention can be tested and shoWs signi?cant 
reduction of bacterial pathogen contamination on poultry 
carcass samples. 
[0072] Bacteria can be selected and cultured generally as 
described above, except that the bacteria can be diluted to, for 
example, 2106 colony forming units per milliliter (CFU/mL) 
for inoculation of carcass samples. 
[0073] Carcass samples can be prepared by thaWing froZen 
chicken Wings and livers. The thaWed samples can be inocu 
lated by submersing in the suspension of bacteria. Other 
surfaces can be not inoculated. The inoculated surface can be 
marked for identi?cation and alloWed to drain and sit for 5 
min at room temperature. 

[0074] The antimicrobial composition can be as described 
above. The use solution can be diluted to, for example, 30 
ppm total medium chain peroxycarboxylic acid. Antimicro 
bial agent can be applied by submersing the inoculated and 
uninoculated surfaces, for example, for 60 min in the same 2 
liters of a use solution of the antimicrobial agent at 40 C. The 
same experiment can be performed using Water Without the 
antimicrobial agent. 
[0075] After submersing, the inoculated and uninoculated 
surfaces can be removed from the antimicrobial agent use 
solution or Water and gently agitated solution including an 
agent that inactivates the peroxycarboxylic acids Without kill 
ing bacteria. Removing and analyZing the uninoculated sur 
faces can be necessary to measure cross contamination of 
bacteria from the inoculated surfaces. Serial dilutions of this 
solution can be plated for groWth of the bacteria as described 
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above in Example 2. Cross contamination log reduction can 
be calculated by subtracting the Log number of bacteria on 
uninoculated surfaces submersed in the antimicrobial use 
solution from the Log number of surviving bacteria on unin 
oculated surfaces submersed in Water. 
[0076] Analysis of the numbers of bacteria on carcass 
samples can demonstrate that submersion application of the 
antimicrobial composition of the invention signi?cantly 
reduces levels of, for example, Salmonella zyphimurium, 
Escherichia coli, and Listeria monocylogenes. 
[0077] Medium chain peroxycarboxylic acid antimicrobial 
composition in Water can be used for spraying or submersing 
eviscerated chicken carcasses and can provide a reduction of, 
for example, total aerobic bacteria, coliform bacteria, and 
Escherichia coli. 
[0078] Freshly collected chicken carcasses can be sub 
jected to spraying With or submersion in an antimicrobial 
composition described above. Use solutions, spray time and 
pressure, and submersion temperature and duration can be as 
described above. Some carcasses can be both sprayed and 
submersed. Control carcasses can be untreated. 
[0079] Each carcass can be then placed in a collection bag 
using freshly gloved hands. In the bag, the carcass can be 
rinsed With Butter?eld’s Phosphate Diluent (BPD) and the 
BPD solution collected for microbiology testing. Known, 
standard procedures for quantifying, for example, total aero 
bic bacteria, coliform bacteria, and Escherichia coli can be 
employed. 
[0080] Analysis of the numbers of bacteria on carcass 
samples can demonstrate that spray, submersion, and combi 
nation application of the antimicrobial composition of the 
invention signi?cantly reduces levels of, for example, total 
aerobic bacteria, coliform bacteria, and Escherichia coli. 

Medium Chain Peroxycarboxylic Acid Antimicrobial Com 
positions 

[0081] The present invention includes medium chain per 
oxycarboxylic acid compositions. The present medium chain 
peroxycarboxylic acid compositions can include increased 
levels of medium chain peroxycarboxylic acid compared to 
conventional peroxycarboxylic acid compositions. The 
inventive compositions can include medium chain peroxycar 
boxylic acid and a solubiliZer. The solubiliZer can increase or 
maintain the solubility of the medium chain peroxycarboxy 
lic acid. The present medium chain peroxycarboxylic acid 
compositions can include a microemulsion or a surfactant 
that can form a microemulsion. The present medium chain 
peroxycarboxylic acid compositions need not include sub 
stantial amounts of short chain carboxylic acid, short chain 
peroxycarboxylic acid, or mixture thereof. It is believed that, 
in conventional mixed peroxycarboxylic acid compositions, 
the short chain carboxylic acid, short chain peroxycarboxylic 
acid, or mixture thereof can solubiliZe medium chain peroxy 
carboxylic acid. 
[0082] In an embodiment, the present compositions include 
medium chain peroxycarboxylic acid. These compositions 
can also include medium chain carboxylic acid. Such com 
positions can include advantageously high levels of medium 
chain peroxycarboxylic acid. In an embodiment, the present 
compositions include about 2 or more parts by Weight of 
medium chain peroxycarboxylic acid for each 7 parts by 
Weight of medium chain carboxylic acid. In an embodiment, 
the present compositions include about 2 or more parts by 
Weight of medium chain peroxycarboxylic acid for each 6 
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parts by Weight of medium chain carboxylic acid. In an 
embodiment, the present compositions include about 2 or 
more parts by Weight of medium chain peroxycarboxylic acid 
for each 5 parts by Weight of medium chain carboxylic acid. 
In an embodiment, the present compositions include about 2 
or more parts by Weight of medium chain peroxycarboxylic 
acid for each 4 parts by Weight of medium chain carboxylic 
acid. In an embodiment, the present compositions include 
about 2 parts by Weight of medium chain peroxycarboxylic 
acid for each 3 parts by Weight of medium chain carboxylic 
acid. 

[0083] In an embodiment, the present compositions include 
medium chain peroxycarboxylic acid and solubiliZer. The 
solubiliZer can include a solvent, a surfactant, or a mixture 
thereof. Suitable solvents include any of a variety of solvents 
that solubiliZe and do not signi?cantly degrade the medium 
chain peroxycarboxylic acid. In certain embodiments, suit 
able solvents include polyalkylene oxide, capped polyalky 
lene oxide, mixtures thereof, or the like. Suitable solvents 
include nonionic surfactant, such as alkoxylated surfactant. 
Suitable alkoxylated surfactants include, for example, 
EO/PO copolymer, capped EO/PO copolymer, alcohol 
alkoxylate, capped alcohol alkoxylate, mixtures thereof, or 
the like. When employed as a solvent a surfactant, such as a 
nonionic surfactant, can be at concentrations higher than 
those conventionally employed. 
[0084] The solubiliZer can include surfactant (e.g., micro 
emulsion forrning surfactant). Suitable surfactants include 
anionic surfactant, nonionic surfactant, cationic surfactant, 
amphoteric surfactant, ZWitterionic surfactant, mixtures 
thereof, or the like. The solubiliZer can include a microemul 
sion forming surfactant. Suitable microemulsion forming sur 
factants include anionic surfactant, cationic surfactant, 
amphoteric surfactant, ZWitterionic surfactant, mixtures 
thereof, or the like. Suitable microemulsion forming surfac 
tants include anionic surfactants, such as sulfate surfactant, 
sulfonate surfactant, phosphate surfactant (phosphate ester 
surfactant), and carboxylate surfactant, mixtures thereof, or 
the like. 

[0085] In an embodiment, the present composition need not 
include substantial amounts of short chain peroxycarboxylic 
acid. For example, the present compositions can be free of 
added short chain peroxycarboxylic acid. As used herein, free 
of added material refers to a composition that includes the 
material only as a incidental or trace quantity found, for 
example, as an ingredient of or impurity in another named 
ingredient or incidentally generated from a minor side reac 
tion. 

[0086] In an embodiment, the present composition includes 
only relatively small amounts of short chain peroxycarboxy 
lic acid. For example, the present composition can include 
about 1 or more parts of medium chain peroxycarboxylic acid 
for each 8 parts of short chain carboxylic acid, short chain 
peroxycarboxylic acid, or mixture thereof. For example, the 
present composition can include short chain peroxycarboxy 
lic acid at a level insuf?cient to cause odor offensive to a 

typical person. 
[0087] In certain embodiments, the present composition 
does not include substantial amounts of peroxyacetic acid, is 
free of added peroxyacetic acid, includes about 1 or more 
parts of medium chain peroxycarboxylic acid for each 8 parts 
of peroxyacetic acid, or includes peroxyacetic acid at a level 
insuf?cient to cause odor offensive to a typical person. 
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[0088] In an embodiment, the present composition need not 
include substantial amounts of short chain carboxylic acid. 
For example, the present compositions can be free of added 
short chain carboxylic acid. In an embodiment, the present 
composition includes only relatively small amounts of short 
chain carboxylic acid. By Way of further example, the present 
composition can include about 1 or more parts of medium 
chain peroxycarboxylic acid for each 8 parts of short chain 
carboxylic acid. For example, the present composition can 
include short chain carboxylic acid at a level insuf?cient to 
cause odor offensive to a typical person. 

[0089] In certain embodiments, the present composition 
does not include substantial amounts of acetic acid, is free of 
added acetic acid, includes about 1 or more parts of medium 
chain peroxycarboxylic acid for each 8 parts of acetic acid, or 
includes acetic acid at a level insuf?cient to cause odor offen 
sive to a typical person. In certain embodiments, the present 
compositions include, for example, less than 10 Wt-%, less 
than less than 5 Wt-%, less than 2 Wt-%, or less than 1 Wt-% 
acetic acid. In certain embodiments, the present use compo 
sitions include, for example, less than 40 ppm, less than 20 
ppm, less than 10 ppm, or less than 5 ppm acetic acid. 

[0090] In an embodiment, the present composition need not 
include substantial amounts of short chain peroxycarboxylic 
acid, short chain carboxylic acid, or mixture thereof. For 
example, the present compositions can be free of added short 
chain peroxycarboxylic acid, short chain carboxylic acid, or 
mixture thereof. For example, the present composition can 
include short chain carboxylic acid, short chain peroxycar 
boxylic acid, or mixture thereof at a level insuf?cient to cause 
odor offensive to a typical person. In certain embodiments, 
the present composition does not include substantial amounts 
of acetic acid, peroxyacetic acid, or mixtures thereof; is free 
of added acetic acid, peroxyacetic acid, or mixtures thereof; 
includes about 1 or more parts of medium chain peroxycar 
boxylic acid for each 8 parts of acetic acid, peroxyacetic acid, 
or mixtures thereof; or includes acetic acid, peroxyacetic 
acid, or mixtures thereof at a level insuf?cient to cause odor 
offensive to a typical person. 

[0091] In an embodiment, the present composition includes 
about 1 or more parts of medium chain peroxycarboxylic acid 
for each 8 parts of short chain carboxylic acid, short chain 
peroxycarboxylic acid, or mixture thereof. In an embodi 
ment, the present composition includes about 1 or more parts 
of medium chain peroxycarboxylic acid for each 7 parts of 
short chain carboxylic acid, short chain peroxycarboxylic 
acid, or mixture thereof. In an embodiment, the present com 
position includes about 1 or more parts of medium chain 
peroxycarboxylic acid for each 6 parts of short chain car 
boxylic acid, short chain peroxycarboxylic acid, or mixture 
thereof. In an embodiment, the present composition includes 
about 1 or more parts of medium chain peroxycarboxylic acid 
for each 5 parts of short chain carboxylic acid, short chain 
peroxycarboxylic acid, or mixture thereof. In an embodi 
ment, the present composition includes about 1 or more parts 
of medium chain peroxycarboxylic acid for each 4 parts of 
short chain carboxylic acid, short chain peroxycarboxylic 
acid, or mixture thereof. In an embodiment, the present com 
position includes about 1 or more parts of medium chain 
peroxycarboxylic acid for each 3 parts of short chain car 
boxylic acid, short chain peroxycarboxylic acid, or mixture 
thereof. In an embodiment, the present composition includes 
about 1 or more parts of medium chain peroxycarboxylic acid 
for each 2 parts of short chain carboxylic acid, short chain 
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peroxycarboxylic acid, or mixture thereof. In an embodi 
ment, the present composition includes about 1 or more parts 
of medium chain peroxycarboxylic acid for each 1 part of 
short chain carboxylic acid, short chain peroxycarboxylic 
acid, or mixture thereof. 

[0092] In an embodiment, the present composition has an 
odor less unpleasant than (e.g., as measured by an hedonic 
tone rating) than 5, 4, 3, 2, or 1 Wt-% acetic acid in Water. In 
an embodiment, the present composition has an odor less 
unpleasant than (e.g., as measured by an hedonic tone rating) 
than 5 Wt-% acetic acid in Water. In an embodiment, the 
present composition has an odor less unpleasant than (e.g., as 
measured by an hedonic tone rating) than 4 Wt-% acetic acid 
in Water. In an embodiment, the present composition has an 
odor less unpleasant than (e.g., as measured by an hedonic 
tone rating) than 3 Wt-% acetic acid in Water. In an embodi 
ment, the present composition has an odor less unpleasant 
than (e. g., as measured by an hedonic tone rating) than 2 Wt-% 
acetic acid in Water. In an embodiment, the present composi 
tion has an odor With an odor less unpleasant than (e.g., as 
measured by an hedonic tone rating) than 1 Wt-% acetic acid 
in Water. 

[0093] In certain embodiments, the present composition 
includes one or more of oxidiZing agent, acidulant, stabilizing 
agent, mixtures thereof, or the like. The present composition 
can include any of a variety of oxidiZing agents, for example, 
hydrogen peroxide. The oxidiZing agent can be effective to 
convert a medium chain carboxylic acid to a medium chain 
peroxycarboxylic acid. The oxidiZing agent can also have 
antimicrobial activity, although it may not be present at a 
concentration su?icient to exhibit such activity. The present 
composition can include any of a variety of acidulants, for 
example, an inorganic acid. The acidulant can be effective to 
bring the pH of the present concentrate composition to less 
than 1, or to bring the pH of the present use composition to 
about 5 or beloW, about 4 or beloW, or about 3 or beloW. The 
acidulant can augment the antimicrobial activity of the 
present composition. The present composition can include 
any of a variety of stabiliZing agents, for example, seques 
trant, for example, phosphonate sequestrant. The sequestrant 
can be effective to stabiliZe the peroxycarboxylic acid. 

[0094] In an embodiment, the present composition exhibits 
advantageous stability of the peroxycarboxylic acid. It is 
believed that in approximately one year at ambient conditions 
or room temperature (or 1 Week at 60° C.) the amount of 
peroxycarboxylic acid in the compositions can be about 80% 
or more, about 85% or more, about 90% or more, or about % 
or more of the initial values or use composition levels. Such 
aged compositions are included in the scope of the present 
invention. 

[0095] In an embodiment, the present composition exhibits 
advantageous ef?cacy compared to other antimicrobial com 
positions at the same level of active. In an embodiment, the 
present composition has reduced or no volatile organic com 
pounds compared to conventional peroxycarboxylic acid 
compositions. In an embodiment, the present composition 
has a higher ?ash point compared to conventional peroxycar 
boxylic acid compositions. In an embodiment, the present 
composition exhibits improved operator or user safety com 
pared to conventional peroxycarboxylic acid compositions. 
In an embodiment, the present composition exhibits 
improved storage or transportation safety compared to con 
ventional peroxycarboxylic acid compositions. 
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[0096] In certain embodiments, the present composition 
includes about 0.0005 to about 5 Wt-% medium chain per 
oxycarboxylic acid, about 0.3 to about 7 Wt-% medium chain 
peroxycarboxylic acid, about 0.5 to about 5 Wt-% medium 
chain peroxycarboxylic acid, about 0.5 to about 4 Wt-% 
medium chain peroxycarboxylic acid, about 0.8 to about 3 
Wt-% medium chain peroxycarboxylic acid, about 1 to about 
3 Wt-% medium chain peroxycarboxylic acid, or about 1 to 
about 2 Wt-% medium chain peroxycarboxylic acid. The 
composition can include any of these ranges or amounts not 
modi?ed by about. 

[0097] In certain embodiments, the present composition 
includes about 0.001 to about 8 Wt-% medium chain carboxy 
lic acid, about 1 to about 10 Wt-% medium chain carboxylic 
acid, about 1 to about 8 Wt-% medium chain carboxylic acid, 
about 1.5 to about 6 Wt-% medium chain carboxylic acid, 
about 2 to about 8 Wt-% medium chain carboxylic acid, about 
2 to about 6 Wt-% medium chain carboxylic acid, about 2 to 
about 4 Wt-% medium chain carboxylic acid, about 2.5 to 
about 5 Wt-% medium chain carboxylic acid, about 3 to about 
6 Wt-% medium chain carboxylic acid, or about 3 to about 5 
Wt-% medium chain carboxylic acid. The composition can 
include any of these ranges or amounts not modi?ed by about. 

[0098] In certain embodiments, the present composition 
includes about 0 to about 98 Wt-% carrier, about 0.001 to 
about 99.99 Wt-% carrier, about 0.2 to about 60 Wt-% carrier, 
about 1 to about 98 Wt-% carrier, about 5 to about 99.99 Wt-% 
carrier, about 5 to about 97 Wt-% carrier, about 5 to about 90 
Wt-% carrier, about 5 to about 70 Wt-% carrier, about 5 to 
about 20 Wt-% carrier, about 10 to about 90 Wt-% carrier, 
about 10 to about 80 Wt-% carrier, about to about 50 Wt-% 
carrier, about 10 to about 20 Wt-% carrier, about 15 to about 
70 Wt-% carrier, about 15 to about 80 Wt-% carrier, about 20 
to about 70 Wt-% carrier, about 20 to about 50 Wt-% carrier, 
about 20 to about 40 Wt-% carrier, about 20 to about 30 Wt-% 
carrier, about 30 to about 75 Wt-% carrier, about 30 to about 
70 Wt-% carrier, about 40 to about 99.99 Wt-% carrier, about 
40 to about 90 Wt-% carrier, or about 60 to about 70 Wt-% 
carrier. The composition can include any of these ranges or 
amounts not modi?ed by about. 

[0099] In certain embodiments, the present composition 
includes about 0.001 to about 80 Wt-% solubilizer, about 
0.001 to about 60 Wt-% solubilizer, about 1 to about 80 Wt-% 
solubilizer, about 1 to about 25 Wt-% solubilizer, about 1 to 
about 20 Wt-% solubilizer, about 2 to about 70 Wt-% solubi 
lizer, about 2 to about 60 Wt-% solubilizer, about 2 to about 20 
Wt-% solubilizer, about 3 to about 65 Wt-% solubilizer, about 
3 to about 15 Wt-% solubilizer, about 4 to about 10 Wt-% 
solubilizer, about 4 to about 20 Wt-% solubilizer, about 5 to 
about 70 Wt-% solubilizer, about 5 to about 60 Wt-% solubi 
lizer, about 5 to about 20 Wt-% solubilizer, about 10 to about 
70 Wt-% solubilizer, about 10 to about 65 Wt-% solubilizer, 
about 10 to about 20 Wt-% solubilizer, about 20 to about 60 
Wt-% solubilizer, or about 40 to about 60 Wt-% solubilizer. 
The composition can include any of these ranges or amounts 
not modi?ed by about. 

[0100] In certain embodiments, the present composition 
includes about 0.001 to about 30 Wt-% oxidizing agent, about 
0.001 to about 10 Wt-% oxidizing agent, 0.002 to about 10 
Wt-% oxidizing agent, about 2 to about 30 Wt-% oxidizing 
agent, about 2 to about 25 Wt-% oxidizing agent, about 2 to 
about 20 Wt-% oxidizing agent, about 4 to about 20 Wt-% 
oxidizing agent, about 5 to about 10 Wt-% oxidizing agent, or 
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about 6 to about 10 Wt-% oxidizing agent. The composition 
can include any of these ranges or amounts not modi?ed by 
about. 
[0101] In certain embodiments, the present composition 
includes about 0.001 to about 50 Wt-% acidulant, about 0.001 
to about 30 Wt-% acidulant, about 1 to about 50 Wt-% acidu 
lant, about 1 to about 30 Wt-% acidulant, about 2 to about 40 
Wt-% acidulant, about 2 to about 10 Wt-% acidulant, about 3 
to about 40 Wt-% acidulant, about 5 to about 40 Wt-% acidu 
lant, about 5 to about 25 Wt-% acidulant, about 10 to about 40 
Wt-% acidulant, about 10 to about 30 Wt-% acidulant, about 
15 to about 35 Wt-% acidulant, about 15 to about 30 Wt-% 
acidulant, or about 40 to about 60 Wt-% acidulant. The com 
position can include any of these ranges or amounts not 
modi?ed by about. 
[0102] In certain embodiments, the present composition 
includes about 0.001 to about 50 Wt-% stabilizing agent, 
about 0.001 to about 5 Wt-% stabilizing agent, about 0.5 to 
about 50 Wt-% stabilizing agent, about 1 to about 50 Wt-% 
stabilizing agent, about 1 to about 30 Wt-% stabilizing agent, 
about 1 to about 10 Wt-% stabilizing agent, about 1 to about 5 
Wt-% stabilizing agent, about 1 to about 3 Wt-% stabilizing 
agent, about 2 to about 10 Wt-% stabilizing agent, about 2 to 
about 5 Wt-% stabilizing agent, or about 5 to about 15 Wt-% 
stabilizing agent. The composition can include any of these 
ranges or amounts not modi?ed by about. 

Compositions of Medium Chain Carboxylic Acids and/or 
Peroxycarboxylic Acids 
[0103] Peroxycarboxylic (or percarboxylic) acids gener 
ally have the formula R(CO3H)n, Where, for example, R is an 
alkyl, arylalkyl, cycloalkyl, aromatic, or heterocyclic group, 
and n is one, tWo, or three, and named by pre?xing the parent 
acid With peroxy. The R group can be saturated or unsaturated 
as Well as substituted or unsubstituted. The composition and 
methods of the invention can employ medium chain peroxy 
carboxylic acids containing, for example, 6 to 12 carbon 
atoms. For example, medium chain peroxycarboxylic (or per 
carboxylic) acids can have the formula R(CO3H)n, Where R is 
a C5-C1 1 alkyl group, a C5-Cll cycloalkyl, a C5-Cll arylalkyl 
group, C5 -C1 1 aryl group, or a C5 -C1 1 heterocyclic group; and 
n is one, tWo, or three. 

[0104] Peroxycarboxylic acids can be made by the direct 
action of an oxidizing agent on a carboxylic acid, by autoxi 
dation of aldehydes, or from acid chlorides, and hydrides, or 
carboxylic anhydrides With hydrogen or sodium peroxide. In 
an embodiment, the medium chain percarboxylic acids can be 
made by the direct, acid catalyzed equilibrium action of 
hydrogen peroxide on the medium chain carboxylic acid. 
Scheme 1 illustrates an equilibrium betWeen carboxylic acid 
and oxidizing agent (Ox) on one side and peroxycarboxylic 
acid and reduced oxidizing agent (Oxred) on the other: 

RCOOH+OxURCOOOH+OXrEd (1) 

Scheme 2 illustrates an embodiment of the equilibrium of 
scheme 1 in Which the oxidizing agent is hydrogen peroxide 
on one side and peroxycarboxylic acid and Water on the other: 

In conventional mixed peroxycarboxylic acid compositions it 
is believed that the equilibrium constant for the reaction illus 
trated in scheme 2 is about 2.5, Which may re?ect the equi 
librium for acetic acid. Although not limiting to the present 
invention, it is believed that the present compositions have an 
equilibrium constant of about 4. 
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[0105] Peroxycarboxylic acids useful in the compositions 
and methods of the present invention include peroxypen 
tanoic, peroxyhexanoic, peroxyheptanoic, peroxyoctanoic, 
peroxynonanoic, peroxydecanoic, peroxyundecanoic, per 
oxydodecanoic, peroxyascorbic, peroxyadipic, peroxycitric, 
peroxypimelic, or peroxysuberic acid, mixtures thereof, or 
the like. The alkyl backbones of these medium chain peroxy 
carboxylic acids can be straight chain, branched, or a mixture 
thereof. Peroxy forms of carboxylic acids With more than one 
carboxylate moiety can have one or more of the carboxyl 
moieties present as peroxycarboxyl moieties. 
[0106] Peroxyoctanoic (or peroctanoic) acid is a peroxy 
carboxylic acid having the formula, for example, of n-per 
oxyoctanoic acid: CH3(CH2)6COOOH. Peroxyoctanoic acid 
can be an acid With a straight chain alkyl moiety, an acid With 
a branched alkyl moiety, or a mixture thereof. Peroxyoctanoic 
acid is surface active and can assist in Wetting hydrophobic 
surfaces, such as those of microbes. 
[0107] The composition of the present invention can 
include a carboxylic acid. Generally, carboxylic acids have 
the formula RiCOOH Wherein the R can represent any 
number of different groups including aliphatic groups, alicy 
clic groups, aromatic groups, heterocyclic groups, all of 
Which can be saturated or unsaturated as Well as substituted or 

unsubstituted. Carboxylic acids can have one, tWo, three, or 
more carboxyl groups. The composition and methods of the 
invention typically employ medium chain carboxylic acids 
containing, for example, 6 to 12 carbon atoms. For example, 
medium chain carboxylic acids can have the formula 
R4COOH in Which R can be a C5 -C1 1 alkyl group, a C5 -C1 1 
cycloalkyl group, a C5-C1 l arylalkyl group, C5-Cl l aryl 
group, or a C5-C1 1 heterocyclic group. 

[0108] Suitable medium chain carboxylic acids include 
pentanoic, hexanoic, heptanoic, octanoic, nonanoic, 
decanoic, undecanoic, dodecanoic, ascorbic, citric, adipic, 
pimelic, and suberic acid. The alkyl backbones of these 
medium chain carboxylic acids can be straight chain, 
branched, or a mixture thereof. Carboxylic acids Which are 
generally useful are those having one or tWo carboxyl groups 
Where the R group is a primary alkyl chain having a length of 
C4 to C l l. The primary alkyl chain is that carbon chain of the 
molecule having the greatest length of carbon atoms and 
directly appending carboxyl functional groups. 
[0109] The present compositions and methods include a 
medium chain peroxycarboxylic acid. The medium chain 
peroxycarboxylic acid can include or be a C6 to C12 peroxy 
carboxylic acid. The C6 to C12 peroxycarboxylic acid can 
include or be peroxyhexanoic acid, peroxyheptanoic acid, 
peroxyoctanoic acid, peroxynonanoic acid, peroxydecanoic 
acid, peroxyundecanoic acid, peroxydodecanoic acid, or 
mixture thereof. The medium chain peroxycarboxylic acid 
can include or be a C7 to C12 peroxycarboxylic acid. The C7 
to C12 peroxycarboxylic acid can include or be peroxyhep 
tanoic acid, peroxyoctanoic acid, peroxynonanoic acid, per 
oxydecanoic acid, peroxyundecanoic acid, peroxydode 
canoic acid, or mixture thereof. The medium chain 
peroxycarboxylic acid can include or be a C6 to C10 peroxy 
carboxylic acid. The C6 to C10 peroxycarboxylic acid can 
include or be peroxyhexanoic acid, peroxyheptanoic acid, 
peroxyoctanoic acid, peroxynonanoic acid, peroxydecanoic 
acid, or mixture thereof. The medium chain peroxycarboxylic 
acid can include orbe a C8 to C10 peroxycarboxylic acid. The 
C8 to C10 peroxycarboxylic acid can include or be peroxy 
octanoic acid, peroxynonanoic acid, peroxydecanoic acid, or 
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mixture thereof. In certain embodiments, the medium chain 
peroxyoctanoic acid includes or is peroxyoctanoic acid, per 
oxydecanoic acid, or mixture thereof. In an embodiment, the 
medium chain peroxycarboxylic acid includes or is peroxy 
octanoic acid. 
[0110] In certain embodiments, the present composition 
includes about 0.0005 to about 5 Wt-% medium chain per 
oxycarboxylic acid, about 0.3 to about 7 Wt-% medium chain 
peroxycarboxylic acid, about 0.5 to about 5 Wt-% medium 
chain peroxycarboxylic acid, about 0.5 to about 4 Wt-% 
medium chain peroxycarboxylic acid, about 0.8 to about 3 
Wt-% medium chain peroxycarboxylic acid, about 1 to about 
3 Wt-% medium chain peroxycarboxylic acid, or about 1 to 
about 2 Wt-% medium chain peroxycarboxylic acid. The 
composition can include any of these ranges or amounts not 
modi?ed by about. 
[0111] In an embodiment, the present compositions and 
methods include a medium chain carboxylic acid. The 
medium chain carboxylic acid can include or be a C6 to C12 
carboxylic acid. The C6 to C12 carboxylic acid can include or 
be hexanoic acid, heptanoic acid, octanoic acid, nonanoic 
acid, decanoic acid, undecanoic acid, dodecanoic acid, or 
mixture thereof. The medium chain carboxylic acid can 
include or be a C7 to C12 carboxylic acid. The C7 to C12 
carboxylic acid can include or be heptanoic acid, octanoic 
acid, nonanoic acid, decanoic acid, undecanoic acid, dode 
canoic acid, or mixture thereof. The medium chain peroxy 
carboxylic acid can include orbe a C6 to C10 carboxylic acid. 
The C6 to C10 carboxylic acid can include or be hexanoic 
acid, heptanoic acid, octanoic acid, nonanoic acid, decanoic 
acid, or mixture thereof. The medium chain carboxylic acid 
can include or be a C8 to C10 carboxylic acid. The C8 to C10 
carboxylic acid can include or be octanoic acid, nonanoic 
acid, decanoic acid, or mixture thereof. In certain embodi 
ments, the medium chain carboxylic acid includes or is 
octanoic acid, decanoic acid, or mixture thereof. In an 
embodiment, the medium chain carboxylic acid includes or is 
octanoic acid. 
[0112] In certain embodiments, the present composition 
includes about 0.001 to about 8 Wt-% medium chain carboxy 
lic acid, about 1 to about 10 Wt-% medium chain carboxylic 
acid, about 1 to about 8 Wt-% medium chain carboxylic acid, 
about 1.5 to about 6 Wt-% medium chain carboxylic acid, 
about 2 to about 8 Wt-% medium chain carboxylic acid, about 
2 to about 6 Wt-% medium chain carboxylic acid, about 2 to 
about 4 Wt-% medium chain carboxylic acid, about 2.5 to 
about 5 Wt-% medium chain carboxylic acid, about 3 to about 
6 Wt-% medium chain carboxylic acid, or about 3 to about 5 
Wt-% medium chain carboxylic acid. The composition can 
include any of these ranges or amounts not modi?ed by about. 

[0113] In an embodiment, the compositions and methods 
include a medium chain peroxycarboxylic acid and the cor 
responding medium chain carboxylic acid. 
[0114] In an embodiment, the present composition includes 
an amount of medium chain peroxycarboxylic acid effective 
for killing one or more of the food-borne pathogenic bacteria 
associated With a food product, such as Salmonella zyphimu 
rium, Salmonella javiana, Campylobacler jejuni, Listeria 
monocylogenes, and Escherichia coli O157:H7, yeast, mold, 
and the like. In an embodiment, the present composition 
includes an amount of medium chain peroxycarboxylic acid 
effective for killing one or more of the pathogenic bacteria 
associated With a health care surfaces and environments, such 
as Salmonella Zyphimurium, Staphylococcus aureus, Salmo 
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nella choleraesurus, Pseudomonas aeruginosa, Escherichia 
coli, mycobacteria, yeast, mold, and the like. The composi 
tions and methods of the present invention have activity 
against a Wide variety of microorganisms such as Gram posi 
tive (for example, Listeria monocylogenes or Staphylococcus 
aureus) and Gram negative (for example, Escherichia coli or 
Pseudomonas aeruginosa) bacteria, yeast, molds, bacterial 
spores, viruses, etc. The compositions and methods of the 
present invention, as described above, have activity against a 
Wide variety of human pathogens. The present compositions 
and methods can kill a Wide variety of microorganisms on a 
food processing surface, on the surface of a food product, in 
Water used for Washing or processing of food product, on a 
health care surface, or in a health care environment. 

[0115] Embodiments of the present invention include 
medium chain carboxylic acid and medium chain peroxycar 
boxylic acid, and certain embodiments speci?cally exclude 
short chain peroxycarboxylic acid, short chain carboxylic 
acid, or mixture thereof. Nonetheless embodiments of the 
present compositions can include short chainperoxycarboxy 
lic acid, short chain carboxylic acid, or mixture thereof. It is 
not intended that addition of short chain peroxycarboxylic 
acid, short chain carboxylic acid, or mixture thereof to a 
composition should necessarily take a composition outside 
the spirit and scope of the present invention. 

SolubiliZers 

[0116] The present compositions can include a solubiliZer. 
The present invention relates to solubiliZers for medium chain 
carboxylic acids and medium chain peroxycarboxylic acids. 
In an embodiment, the solubiliZer can increase or maintain 
the solubility in the composition of the medium chain per 
oxycarboxylic acid or the medium chain carboxylic acid. The 
present compositions and methods can include any of a vari 
ety of suitable solubiliZers. For example, the solubiliZer can 
include a solvent, a surfactant, or a mixture thereof. In an 
embodiment, the surfactant can be employed as a solvent. In 
an embodiment, the surfactant can form a microemulsion. In 
an embodiment, the composition including the present solu 
biliZer takes the form of a viscoelastic gel or liquid. In an 
embodiment, the solubiliZer is effective to dissolve octanoic 
acid at a concentration of 5 Wt-% in Water. In an embodiment, 
the solubiliZer is effective to dissolve octanoic acid at a con 
centration of 4 Wt-% in Water. In an embodiment, the solubi 
liZer is effective to dissolve octanoic acid at a concentration of 
3 Wt-% in Water. In an embodiment, the solubiliZer is effective 
to dissolve octanoic acid at a concentration of 2 Wt-% in 
Water. 

[0117] In certain embodiments, the present composition 
includes about 0.001 to about 80 Wt-% solubiliZer, about 
0.001 to about 60 Wt-% solubiliZer, about 1 to about 80 Wt-% 
solubiliZer, about 1 to about 25 Wt-% solubiliZer, about 1 to 
about 20 Wt-% solubiliZer, about 2 to about 70 Wt-% solubi 
liZer, about 2 to about 60 Wt-% solubiliZer, about 2 to about 20 
Wt-% solubiliZer, about 3 to about 65 Wt-% solubiliZer, about 
3 to about 15 Wt-% solubiliZer, about 4 to about 10 Wt-% 
solubiliZer, about 4 to about 20 Wt-% solubiliZer, about 5 to 
about 70 Wt-% solubiliZer, about 5 to about 60 Wt-% solubi 
liZer, about 5 to about 20 Wt-% solubiliZer, about 10 to about 
70 Wt-% solubiliZer, about 10 to about 65 Wt-% solubiliZer, 
about 10 to about 20 Wt-% solubiliZer, about 20 to about 60 
Wt-% solubiliZer, or about 40 to about 60 Wt-% solubiliZer. 
The composition can include any of these ranges or amounts 
not modi?ed by about. 
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Solvent SolubiliZers and Compositions Including them 
[0118] In an embodiment, the present compositions and 
methods can include as solubiliZer one or more solvents. 

Suitable solvents include any of a variety of solvents that 
solubiliZe but do not signi?cantly degrade the medium chain 
peroxycarboxylic acid. Suitable solvents include polyalky 
lene oxide, capped polyalkylene oxide, glycol ether, nonionic 
surfactant, mixtures thereof, or the like. 
[0119] In an embodiment, the present composition includes 
medium chain peroxycarboxylic acid; medium chain car 
boxylic acid; carrier; and polyalkylene oxide, capped poly 
alkylene oxide, nonionic surfactant, or mixture thereof. For 
example, the present composition can include about 0.5 to 
about 5 Wt-% medium chain peroxycarboxylic acid; about 1 
to about 10 Wt-% medium chain carboxylic acid; about 1 to 
about 98 Wt-% carrier; and about 1 to about 80 Wt-% poly 
alkylene oxide, capped polyalkylene oxide, nonionic surfac 
tant, or mixture thereof. For example, the present composi 
tion can include about 0.5 to about 5 Wt-% medium chain 
peroxycarboxylic acid; about 1 to about 10 Wt-% medium 
chain carboxylic acid; about 5 to about 35 Wt-% carrier; and 
about 20 to about 65 Wt-% polyalkylene oxide, capped poly 
alkylene oxide, nonionic surfactant, or mixture thereof. For 
example, the present composition can include about 0.5 to 
about 5 Wt-% medium chain peroxycarboxylic acid; about 1 
to about 10 Wt-% medium chain carboxylic acid; about 10 to 
about 35 Wt-% carrier; and about 40 to about 60 Wt-% poly 
alkylene oxide, capped polyalkylene oxide, nonionic surfac 
tant, or mixture thereof. In an embodiment, the present com 
position includes solvent solubiliZer and less than or equal to 
35 Wt-% carrier (e.g., Water). The composition can include 
any of these ranges or amounts not modi?ed by about. 

[0120] In an embodiment, the present composition includes 
C8 peroxycarboxylic acid; C8 carboxylic acid; Water; and 
polyalkylene oxide, capped polyalkylene oxide, nonionic 
surfactant, or mixture thereof. For example, the present com 
position can include about 0.5 to about 5 Wt-% C8 peroxy 
carboxylic acid; about 1 to about 10 Wt-% C8 carboxylic acid; 
about 1 to about 98 Wt-% Water; and about 1 to about 80 Wt-% 
polyalkylene oxide, capped polyalkylene oxide, nonionic 
surfactant, or mixture thereof. For example, the present com 
position can include about 0.5 to about 5 Wt-% C8 peroxy 
carboxylic acid; about 1 to about 10 Wt-% C8 carboxylic acid; 
about 5 to about 35 Wt-% Water; and about 20 to about 65 
Wt-% polyalkylene oxide, capped polyalkylene oxide, non 
ionic surfactant, or mixture thereof. For example, the present 
composition can include about 0.5 to about 5 Wt-% C8 per 
oxycarboxylic acid; about 1 to about 10 Wt-% C8 carboxylic 
acid; about 10 to about 35 Wt-% Water; and about 40 to about 
60 Wt-% polyalkylene oxide, capped polyalkylene oxide, 
nonionic surfactant, or mixture thereof. The composition can 
include any of these ranges or amounts not modi?ed by about. 

[0121] In certain embodiments, the present composition 
includes about 0.001 to about 80 Wt-% solvent as solubiliZer, 
about 0.001 to about 60 Wt-% solvent as solubiliZer, about 1 to 
about 80 Wt-% solvent as solubiliZer, about 5 to about 70 
Wt-% solvent as solubiliZer, about 10 to about 65 Wt-% sol 
vent as solubiliZer, or about 20 to about 60 Wt-% solvent as 
solubiliZer. The composition can include any of these ranges 
or amounts not modi?ed by about. 

[0122] In an embodiment, When the present compositions 
and methods include a solvent as solubiliZer, they need not 
include a signi?cant amount, or even any, of a short chain 
peroxycarboxylic acid, a short chain carboxylic acid, or a 
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mixture thereof. Examples of short chain carboxylic acids 
include formic acid, acetic acid, propionic acid, and butanoic 
acid. Short chain carboxylic acids and peroxycarboxylic 
acids include those With 4 or feWer carbon atoms. In an 
embodiment, the present compositions and methods includ 
ing a solvent solubiliZer need not include substantial amounts 
of short chain peroxycarboxylic acid. In an embodiment, the 
present compositions and methods including a solvent solu 
biliZer can be free of added short chain peroxycarboxylic 
acid. 

[0123] In an embodiment, the present compositions and 
methods including a solvent solubiliZer can include medium 
chain peroxycarboxylic acid in greater proportion compared 
to the short chain peroxycarboxylic acid than found in con 
ventional compositions. For example, the present composi 
tions and methods can include solvent solubiliZer and about 1 
or more parts of medium chain peroxycarboxylic acid for 
each 8 parts of short chain carboxylic acid, short chain per 
oxycarboxylic acid, or mixture thereof. For example, the 
present compositions and methods can include solvent solu 
biliZer and short chain carboxylic acid, short chain peroxy 
carboxylic acid, or mixture thereof at a level insu?icient to 
cause odor offensive to a typical person. 

Polyalkylene Oxide SolubiliZers 

[0124] Suitable polyalkylene oxides include polyethylene 
glycol, polypropylene glycol, polybutylene glycol, mixtures 
thereof, or the like. Suitable capped polyalkylene oxides 
include mono -alkyl and di-alkyl ethers of the respective poly 
alkylene oxides, such as mono- and di-methyl ethers of poly 
alkylene glycol, mono- and di-ethyl ethers of polyalkylene 
glycol, mono- and di-propyl ethers of polyalkylene glycol, 
mono- and di-butyl ethers of polyalkylene glycol, mixtures 
thereof, or the like. Suitable capped polyalkylene oxides 
include methyl polyethylene glycol (e.g., the monomethyl 
ether of polyethylene glycol), dimethyl polyethylene glycol 
(e.g., the dimethyl ether of polyethylene glycol), mixtures 
thereof, or the like. 

Glycol Ether SolubiliZers 

[0125] Suitable solvent solubiliZers include glycol ethers. 
Suitable glycol ethers include diethylene glycol n-butyl ether, 
diethylene glycol n-propyl ether, diethylene glycol ethyl 
ether, diethylene glycol methyl ether, diethylene glycol t-bu 
tyl ether, dipropylene glycol n-butyl ether, dipropylene glycol 
methyl ether, dipropylene glycol ethyl ether, dipropylene gly 
col propyl ether, dipropylene glycol tert-butyl ether, ethylene 
glycol butyl ether, ethylene glycol propyl ether, ethylene gly 
col ethyl ether, ethylene glycol methyl ether, ethylene glycol 
methyl ether acetate, propylene glycol n-butyl ether, propy 
lene glycol ethyl ether, propylene glycol methyl ether, pro 
pylene glycol n-propyl ether, tripropylene glycol methyl ether 
and tripropylene glycol n-butyl ether, ethylene glycol phenyl 
ether (commercially available as DOWANOL EPHTM from 
DoW Chemical Co.), propylene glycol phenyl ether (commer 
cially available as DOWANOL PPHTM from DoW Chemical 
Co.), and the like, or mixtures thereof. Additional suitable 
commercially available glycol ethers (all of Which are avail 
able from Union Carbide Corp.) include Butoxyethyl PRO 
PASOLTM, Butyl CARBITOLTM acetate, Butyl CARBI 
TOLTM, Butyl CELLOSOLVETM acetate, Butyl 
CELLOSOLVETM, Butyl DIPROPASOLTM, Butyl PROPA 
SOLTM, CARBITOLTM PM-600, CARBITOLTM LoW Grav 

Jun. 11, 2009 

ity, CELLOSOLVETM acetate, CELLOSOLVETM, Ester 
EEPTM, FILMER IBTTM, Hexyl CARBITOLTM, Hexyl CEL 
LOSOLVETM, Methyl CARBITOLTM, Methyl CELLO 
SOLVETM acetate, Methyl CELLOSOLVETM, Methyl 
DIPROPASOLTM, Methyl PROPASOLTM acetate, Methyl 
PROPASOLTM, Propyl CARBITOLTM, Propyl CELLO 
SOLVETM, Propyl DIPROPASOLTM and Propyl PROPA 
SOLTM. 

Nonionic Surfactants 

[0126] Suitable nonionic surfactants for use as solvents 
include alkoxylated surfactants. Suitable alkoxylated surfac 
tants include EO/PO copolymers, capped EO/PO copoly 
mers, alcohol alkoxylates, capped alcohol alkoxylates, mix 
tures thereof, or the like. Suitable alkoxylated surfactants for 
use as solvents include EO/PO block copolymers, such as the 
Pluronic and reverse Pluronic surfactants; alcohol alkoxy 
lates, such as Dehypon LS-54 (R-(EO)5(PO)4) and Dehypon 
LS-36 (R-(EO)3 (PO)6); and capped alcohol alkoxylates, such 
as Plurafac LF221 and Tegoten ECl l ; mixtures thereof, or the 
like. When employed as a solvent a surfactant, such as a 
nonionic surfactant, can be at concentrations higher than 
those conventionally employed as surfactant. 

Semi-Polar Nonionic Surfactants 

[0127] The semi-polar type of nonionic surface active 
agents are another class of nonionic surfactant useful in com 
positions of the present invention. Semi-polar nonionic sur 
factants include the amine oxides, phosphine oxides, sulfox 
ides and their alkoxylated derivatives. 
[0128] Amine oxides are tertiary amine oxides correspond 
ing to the general formula: 

Wherein the arroW is a conventional representation of a semi 
polar bond; and, R1, R2, and R3 may be aliphatic, aromatic, 
heterocyclic, alicyclic, or combinations thereof. Generally, 
for amine oxides of detergent interest, R1 is an alkyl radical of 
from about 8 to about 24 carbon atoms; R2 and R3 are alkyl or 
hydroxyalkyl of 1-3 carbon atoms or a mixture thereof; R2 
and R3 can be attached to each other, eg through an oxygen 
or nitrogen atom, to form a ring structure; R4 is an alkylene or 
a hydroxyalkylene group containing 2 to 3 carbon atoms; and 
n ranges from 0 to about 20. An amine oxide can be generated 
from the corresponding amine and an oxidiZing agent, such as 
hydrogen peroxide. 
[0129] Useful Water soluble amine oxide surfactants are 
selected from the octyl, decyl, dodecyl, isododecyl, coconut, 
or talloW alkyl di-(loWer alkyl) amine oxides, speci?c 
examples of Which are octyldimethylamine oxide, nonyldim 
ethylamine oxide, decyldimethylamine oxide, undecyldim 
ethylamine oxide, dodecyldimethylamine oxide, isodode 
cyldimethyl amine oxide, tridecyldimethylamine oxide, 
tetradecyldimethylamine oxide, pentadecyldimethylamine 
oxide, hexadecyldimethylamine oxide, heptadecyldimethy 
lamine oxide, octadecyldimethylaine oxide, dodecyldipropy 
lamine oxide, tetradecyldipropylamine oxide, hexadecyl 
dipropylamine oxide, tetradecyldibutylamine oxide, 
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octadecyldibutylamine oxide, bis(2-hydroxyethyl)dodecy 
lamine oxide, bis(2-hydroxyethyl)-3-dodecoxy-l-hydrox 
ypropylamine oxide, dimethyl-(2-hydroxydodecyl)amine 
oxide, 3,6,9-trioctadecyldimethylamine oxide and 3-dode 
coxy-2-hydroxypropyldi-(2-hydroxyethyl)amine oxide. 
Surfactant SolubiliZers and Compositions Including them 

[0130] In an embodiment, the present compositions and 
methods can include as solubiliZer one or more surfactants, 

e.g., a microemulsion forming surfactant. Suitable surfac 
tants include anionic surfactant, cationic surfactant, ampho 
teric surfactant, ZWitterionic surfactant, mixtures thereof, or 
the like. Suitable microemulsion forming surfactants include 
anionic surfactant, cationic surfactant, amphoteric surfactant, 
ZWitterionic surfactant, mixtures thereof, or the like. Suitable 
microemulsion forming surfactants include anionic surfac 
tant. A microemulsion forming surfactant can form a micro 
emulsion in a composition including a medium chain peroxy 
carboxylic acid, a medium chain carboxylic acid, or a mixture 
thereof. In an embodiment, the present composition includes 
a microemulsion. 

[0131] In an embodiment, the present composition can be 
determined to be a microemulsion by testing the composition 
for being a shear thinning viscoelastic gel or liquid that has a 
blue tyndall appearance. Although not limiting to the present 
invention, blue tyndall appearance is believed to indicate a 
heterogeneous system of a small, suspended dispersion (e.g., 
a microemulsion), Which is effective in scattering blue light. 
[0132] In an embodiment, the present composition can be 
determined to be a microemulsion by testing the ability to 
form a physically stable composition at different concentra 
tions of surfactant solubiliZer. A microemulsion can yield a 
curve With a maximum of physical stability at a concentration 
With unstable compositions at higher and loWer concentra 
tions. Typically, mixtures of solvents and surfactants (e.g., 
acetic acid and surfactant) do not form micro emulsions. 

[0133] In an embodiment, the composition including sur 
factant solubiliZer takes the form of a viscoelastic gel or 
liquid. Increasing the concentration of the medium chain 
carboxylic acid, medium chain peroxycarboxylic acid, or 
mixture thereof can increase the degree to Which the compo 
sition is a viscoelastic gel or liquid. Increasing the concentra 
tion of the surfactant solubiliZer can increase the degree to 
Which the composition is a viscoelastic gel or liquid. In an 
embodiment, the gel can be suf?ciently viscoelastic to hold 
its molded shapes. Alkyl benZene sulfonate surfactant (e.g., 
LAS) canbe employed to form a viscoelastic gel or liquid that 
can hold its molded shape. In an embodiment, the alkyl ben 
Zene sulfonate surfactant containing viscoelastic gel can hold 
its shape even at 60° C. 

[0134] Although not limiting to the present invention, the 
present compositions may include medium chain peroxycar 
boxylic acid sequestered in the surfactant of the microemul 
sion. This can stabiliZe the peroxycarboxylic acid by keeping 
it aWay from impurities or reducing agents in the bulk Water. 
This can increase the production of peroxycarboxylic acid by 
pulling it out of solution. Although not limiting to the present 
invention, it is believed that one explanation for the viscoelas 
tic properties of gels of the present compositions is that they 
are due to repulsive forces betWeen the dispersions/droplets 
that are stabiliZed by the microemulsion-forming surfactant. 
Surfactants that are charged may increase the electrostatic 
repulsion. Suitable charged surfactants include anionic sur 
factants. 
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[0135] In an embodiment, the present composition includes 
anionic surfactant and another surfactant or surfactants. For 
example, the present compositions can include anionic sur 
factant and nonionic surfactant or semi-polar nonionic sur 
factant. 
[0136] In an embodiment, the present composition includes 
medium chain peroxycarboxylic acid; medium chain car 
boxylic acid; carrier; and one or more surfactants, e.g., micro 
emulsion forming surfactants. For example, the present com 
position can include about 0.5 to about 5 Wt-% medium chain 
peroxycarboxylic acid; about 1 to about 10 Wt-% medium 
chain carboxylic acid; about 5 to about 97 Wt-% carrier; and 
about 1 to about 20 Wt-% surfactant, e.g., microemulsion 
forming surfactant. For example, the present composition can 
include about 0.5 to about 5 Wt-% medium chain peroxycar 
boxylic acid; about 1 to about 10 Wt-% medium chain car 
boxylic acid; about 15 to about 80 Wt-% carrier; and about 1 
to about 20 Wt-% surfactant, e.g., microemulsion forming 
surfactant. For example, the present composition can include 
about 0.5 to about 5 Wt-% medium chain peroxycarboxylic 
acid; about 1 to about 10 Wt-% medium chain carboxylic acid; 
about 30 to about 70 Wt-% carrier; and about 2 to about 20 
Wt-% surfactant, e.g., microemulsion forming surfactant. In 
an embodiment, the present composition includes surfactant 
or microemulsion former solubiliZer and greater than or equal 
to 35 Wt-% carrier (e. g., Water). The composition can include 
any of these ranges or amounts not modi?ed by about. 
[0137] In an embodiment, the present composition includes 
C8 peroxycarboxylic acid; C8 carboxylic acid; Water; and 
one or more surfactants, e.g., microemulsion forming surfac 
tants. For example, the present composition can include about 
0.5 to about 5 Wt-% C8 peroxycarboxylic acid; about 1 to 
about 10 Wt-% C8 carboxylic acid; about 5 to about 97 Wt-% 
Water; and about 1 to about 20 Wt-% surfactant, e.g., micro 
emulsion forming surfactant. For example, the present com 
position can include about 0.5 to about 5 Wt-% C8 peroxy 
carboxylic acid; about 1 to about 10 Wt-% C8 carboxylic acid; 
about 15 to about 80 Wt-% Water; and about 1 to about 20 
Wt-% surfactant, e.g., microemulsion forming surfactant. For 
example, the present composition can include about 0.5 to 
about 5 Wt-% C8 peroxycarboxylic acid; about 1 to about 10 
Wt-% C8 carboxylic acid; about 30 to about 70 Wt-% Water; 
and about 2 to about 20 Wt-% surfactant, e. g., microemulsion 
forming surfactant. The composition can include any of these 
ranges or amounts not modi?ed by about. 
[0138] In certain embodiments, the present composition 
includes about 0.001 to about 60 Wt-% surfactant, e. g., micro 
emulsion forming surfactant, as solubiliZer, about 1 to about 
25 Wt-% surfactant, e.g., microemulsion forming surfactant, 
as solubiliZer, about 1 to about 20 Wt-% surfactant, e.g., 
microemulsion forming surfactant, as solubiliZer, about 2 to 
about 20 Wt-% surfactant, e.g., microemulsion forming sur 
factant, as solubiliZer, about 3 to about 15 Wt-% surfactant, 
e.g., microemulsion forming surfactant, as solubiliZer, about 
4 to about 20 Wt-% surfactant, e.g., microemulsion forming 
surfactant, as solubiliZer, about 4 to about l0Wt-% surfactant, 
e.g., microemulsion forming surfactant, as solubiliZer, about 
5 to about 20 Wt-% surfactant, e.g., microemulsion forming 
surfactant, as solubiliZer, or about 10 to about 20 Wt-% sur 
factant, e.g., microemulsion forming surfactant, as solubi 
liZer. The composition can include any of these ranges or 
amounts not modi?ed by about. 

Anionic Surfactants 

[0139] The present composition can include an anionic sur 
factant as solubiliZer. Suitable anionic surfactants include 
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organic sulfonate surfactant, organic sulfate surfactant, phos 
phate ester surfactant, carboxylate surfactant, mixtures 
thereof, or the like. In an embodiment, the anionic surfactant 
includes alkyl sulfonate, alkylaryl sulfonate, alkylated diphe 
nyl oxide disulfonate, alkylated naphthalene sulfonate, alco 
hol alkoxylate carboxylate, sarcosinate, taurate, acyl amino 
acid, alkanoic ester, phosphate ester, sulfuric acid ester, salt or 
acid form thereof, or mixture thereof. The particular salts Will 
be suitably selected depending upon the particular formula 
tion and the needs therein. 
[0140] Suitable anionic surfactants include sulfonic acids 
(and salts), such as isethionates (e. g. acyl isethionates), alky 
laryl sulfonic acids and salts thereof, alkyl sulfonates, and the 
like. 
[0141] Examples of suitable synthetic, Water soluble 
anionic detergent compounds include the ammonium and 
substituted ammonium (such as mono-, di- and triethanola 
mine) and alkali metal (such as sodium, lithium and potas 
sium) salts of the alkyl mononuclear aromatic sulfonates such 
as the alkyl benZene sulfonates containing from about 5 to 
about 18 carbon atoms in the alkyl group in a straight or 
branched chain, e.g., the salts of alkyl benZene sulfonates or 
of alkyl toluene, xylene, cumene and phenol sulfonates; alkyl 
naphthalene sulfonate, diamyl naphthalene sulfonate, and 
dinonyl naphthalene sulfonate and alkoxylated derivatives or 
their free acids. Suitable sulfonates include ole?n sulfonates, 
such as long chain alkene sulfonates, long chain hydroxyal 
kane sulfonates or mixtures of alkenesulfonates and hydroxy 
alkane-sulfonates. 

[0142] In certain embodiments, the present compositions 
including an anionic surfactant, such as a normal C8 sul 
fonate, can be non-foam or loW foam compositions. Such 
compositions can be advantageous for applications such as 
clean in place, machine WareWashing, destaining, and sani 
tiZing, laundry Washing, destaining, and sanitizing, etc. 
[0143] For applications in Which foaming is desirable, a 
foaming agent can be added as part of the present composition 
or separately. In a tWo-step offering, a foaming agent can be 
combined With a dilution of the non-foam or loW foam com 
position to form a foaming use solution. In a one-step offer 
ing, the foaming agent can be incorporated into the concen 
trated composition. One suitable foaming agent is LAS acid. 
LAS acid can form a microemulsion in the present composi 
tions. LAS acid can form a viscoelastic gel or liquid in the 
present compositions. 
[0144] Anionic sulfate surfactants suitable for use in the 
present compositions include alkyl ether sulfates, alkyl sul 
fates, the linear and branched primary and secondary alkyl 
sulfates, alkyl ethoxysulfates, fatty oleyl glycerol sulfates, 
alkyl phenol ethylene oxide ether sulfates, the C5-Cl7 acyl 
Ni(Cl-C4 alkyl) and iNi(Cl-C2 hydroxyalkyl) glucam 
ine sulfates, and sulfates of alkylpolysaccharides such as the 
sulfates of alkylpolyglucoside, and the like. Also included are 
the alkyl sulfates, alkyl poly(ethyleneoxy)ether sulfates and 
aromatic poly(ethyleneoxy) sulfates such as the sulfates or 
condensation products of ethylene oxide and nonyl phenol 
(usually having 1 to 6 oxyethylene groups per molecule). 
[0145] Anionic carboxylate surfactants suitable for use in 
the present compositions include carboxylic acids (and salts), 
such as alkanoic acids (and alkanoates), ester carboxylic 
acids (eg alkyl succinates), ether carboxylic acids, and the 
like. Such carboxylates include alkyl ethoxy carboxylates, 
alkyl aryl ethoxy carboxylates, alkyl polyethoxy polycar 
boxylate surfactants and soaps (e.g. alkyl carboxyls). Second 

Jun. 11, 2009 

ary carboxylates useful in the present compositions include 
those Which contain a carboxyl unit connected to a secondary 
carbon. The secondary carbon can be in a ring structure, eg 
as in p-octyl benZoic acid, or as in alkyl-substituted cyclo 
hexyl carboxylates. The secondary carboxylate surfactants 
typically contain no ether linkages, no ester linkages and no 
hydroxyl groups. Further, they typically lack nitrogen atoms 
in the head-group (amphiphilic portion). Suitable secondary 
soap surfactants typically contain 11-13 total carbon atoms, 
although more carbons atoms (e.g., up to 16) can be present. 
Suitable carboxylates also include acylamino acids (and 
salts), such as acylgluamates, acyl peptides, sarcosinates (e.g. 
N-acyl sarcosinates), taurates (e.g. N-acyl taurates and fatty 
acid amides of methyl tauride), and the like. 
[0146] Suitable anionic surfactants include alkyl or alky 
laryl ethoxy carboxylates of Formula 3: 

in Which R is a C8 to C22 alkyl group or 

1 A 

V 
in which R1 is a C4-C1 6 alkyl group; n is an integer of 1 -20; m 
is an integer of 1-3; and X is a counter ion, such as hydrogen, 
sodium, potassium, lithium, ammonium, or an amine salt 
such as monoethanolamine, diethanolamine or triethanola 
mine. In an embodiment, in Formula 3, n is an integer of 4 to 
10 and m is 1. In an embodiment, in Formula 3, R is a CS-Cl6 
alkyl group. In an embodiment, in Formula 3, R is a Cl2-Cl4 
alkyl group, n is 4, and m is 1. 

[0147] In an embodiment, in Formula 3, R is 

and R1 is a C6-Cl2 alkyl group. In an embodiment, in Formula 
3, R1 is a C9 alkyl group, nis 10 andm is 1. 
[0148] Such alkyl and alkylaryl ethoxy carboxylates are 
commercially available. These ethoxy carboxylates are typi 
cally available as the acid forms, Which can be readily con 
verted to the anionic or salt form. Commercially available 
carboxylates include, Neodox 23-4, a C12_ 13 alkyl polyethoxy 
(4) carboxylic acid (Shell Chemical), and Emcol CNP-110, a 
C9 alkylaryl polyethoxy (10) carboxylic acid (Witco Chemi 
cal). Carboxylates are also available from Clariant, eg the 
product Sandopan® DTC, a C13 alkyl polyethoxy (7) car 
boxylic acid. 

Amphoteric Surfactants 

[0149] Amphoteric, or ampholytic, surfactants contain 
both a basic and an acidic hydrophilic group and an organic 
hydrophobic group. These ionic entities may be any of 
anionic or cationic groups described herein for other types of 
surfactants. A basic nitrogen and an acidic carboxylate group 
are the typical functional groups employed as the basic and 
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acidic hydrophilic groups. In a feW surfactants, sulfonate, 
sulfate, phosphonate or phosphate provide the negative 
charge. 
[0150] Amphoteric surfactants can be broadly described as 
derivatives of aliphatic secondary and tertiary amines, in 
Which the aliphatic radical may be straight chain or branched 
and Wherein one of the aliphatic substituents contains from 
about 8 to 18 carbon atoms and one contains an anionic Water 

solubiliZing group, e.g., carboxy, sulfo, sulfato, phosphato, or 
phosphono. Amphoteric surfactants are subdivided into tWo 
major classes knoWn to those of skill in the art and described 
in “Surfactant Encyclopedia” Cosmetics & Toiletries, Vol. 
104 (2) 69-71 (1989). The ?rst class includes acyl/dialkyl 
ethylenediamine derivatives (e.g. 2-alkyl hydroxyethyl imi 
daZoline derivatives) and their salts. The second class 
includes N-alkylamino acids and their salts. Some amphot 
eric surfactants can be envisioned as ?tting into both classes. 

[0151] Amphoteric surfactants can be synthesized by meth 
ods knoWn to those of skill in the art. For example, 2-alkyl 
hydroxyethyl imidaZoline is synthesiZed by condensation and 
ring closure of a long chain carboxylic acid (or a derivative) 
With dialkyl ethylenediamine. Commercial amphoteric sur 
factants are derivatiZed by subsequent hydrolysis and ring 
opening of the imidaZoline ring by alkylationifor example 
With chloroacetic acid or ethyl acetate. During alkylation, one 
or tWo carboxy-alkyl groups react to form a tertiary amine and 
an ether linkage With differing alkylating agents yielding 
different tertiary amines. 
[0152] Long chain imidaZole derivatives having applica 
tion in the present invention generally have the general for 
mula: 

9 crrzcooe crrzcrrzcoo 

RCONHCH2CH2N@ H RCONHCH2CH2N@ crrzcrrzcoorr 
| | 
CHZCHZOH CHZCHZOH 

(MONO)AC ETATE (DI)PROPIONATE 
Neutral pH-ZWitterion 
OH 

CHZCHCHZSOP N216) 
RCONHCHZCHZN 

CHZCHZOH 
AMPHOTERIC 
SULFONATE 

Wherein R is an acyclic hydrophobic group containing from 
about 8 to 18 carbon atoms and M is a cation to neutraliZe the 
charge of the anion, generally sodium. Commercially promi 
nent imidaZoline-derived amphoterics that can be employed 
in the present compositions include for example: Cocoam 
phopropionate, Cocoamphocarboxy-propionate, Cocoam 
phoglycinate, Cocoamphocarboxy-glycinate, Cocoamphop 
ropyl-sulfonate, and Cocoamphocarboxy-propionic acid. 
Amphocarboxylic acids can be produced from fatty imidaZo 
lines in Which the dicarboxylic acid functionality of the 
amphodicarboxylic acid is diacetic acid and/or dipropionic 
acid. 

[0153] The carboxymethylated compounds (glycinates) 
described herein above frequently are called betaines. 
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Betaines are a special class of amphoteric discussed herein 
beloW in the section entitled, ZWitterion Surfactants. 

[0154] Long chain N-alkylamino acids are readily prepared 
by reaction RNH2, in Which R:C8-Cl 8 straight or branched 
chain alkyl, fatty amines With halogenated carboxylic acids. 
Alkylation of the primary amino groups of an amino acid 
leads to secondary and tertiary amines. Alkyl substituents 
may have additional amino groups that provide more than one 
reactive nitrogen center. Most commercial N-alkylamine 
acids are alkyl derivatives of beta-alanine or beta-N(2-car 
boxyethyl) alanine. Examples of commercial N-alkylamino 
acid ampholytes having application in this invention include 
alkyl beta-amino dipropionates, RN(C2H4COOM)2 and 
RNHC2H4COOM. In an embodiment, R can be an acyclic 
hydrophobic group containing from about 8 to about 18 car 
bon atoms, and M is a cation to neutraliZe the charge of the 
anion. 

[0155] Suitable amphoteric surfactants include those 
derived from coconut products such as coconut oil or coconut 
fatty acid. Additional suitable coconut derived surfactants 
include as part of their structure an ethylenediamine moiety, 
an alkanolamide moiety, an amino acid moiety, e.g., glycine, 
or a combination thereof; and an aliphatic substituent of from 
about 8 to 18 (e.g., 12) carbon atoms. Such a surfactant can 
also be considered an alkyl amphodicarboxylic acid. These 
amphoteric surfactants can include chemical structures rep 
resented as: Cl2-alkyl-C(O)iNHiCH2iCH2iN(CH2i 
CH2iCO2Na)2%H2%H2A)H or Cl2-alkyl-C(O)iN 
(H)%H2%H2iN+(CH2iCO2Na)2%H2%H2i 
OH. Disodium cocoampho dipropionate is one suitable 
amphoteric surfactant and is commercially available under 
the tradename MiranolTM FBS from Rhodia lnc., Cranbury, 
N.J. Another suitable coconut derived amphoteric surfactant 
With the chemical name disodium cocoampho diacetate is 
sold under the tradename MirataineTM JCHA, also from 
Rhodia lnc., Cranbury, N]. 
[0156] A typical listing of amphoteric classes, and species 
ofthese surfactants, is given in US. Pat. No. 3,929,678 issued 
to Laughlin and Heuring on Dec. 30, 1975. Further examples 
are given in “Surface Active Agents and Detergents” (Vol. I 
and II by SChWaITZ, Perry and Berch). 

ZWitterionic Surfactants 

[0157] ZWitterionic surfactants can be thought of as a sub 
set of the amphoteric surfactants and can include an anionic 
charge. ZWitterionic surfactants can be broadly described as 
derivatives of secondary and tertiary amines, derivatives of 
heterocyclic secondary and tertiary amines, or derivatives of 
quaternary ammonium, quaternary phosphonium or tertiary 
sulfonium compounds. Typically, a ZWitterionic surfactant 
includes a positive charged quaternary ammonium or, in 
some cases, a sulfonium or phosphonium ion; a negative 
charged carboxyl group; and an alkyl group. ZWitterionics 
generally contain cationic and anionic groups Which ioniZe to 
a nearly equal degree in the isoelectric region of the molecule 
and Which can develop strong “inner-salt” attraction betWeen 
positive-negative charge centers. Examples of such ZWitteri 
onic synthetic surfactants include derivatives of aliphatic qua 
ternary ammonium, phosphonium, and sulfonium com 
pounds, in Which the aliphatic radicals canbe straight chain or 
branched, and Wherein one of the aliphatic substituents con 
tains from 8 to 18 carbon atoms and one contains an anionic 

Water solubiliZing group, e.g., carboxy, sulfonate, sulfate, 
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phosphate, or phosphonate. Betaine and sultaine surfactants 
are exemplary ZWitterionic surfactants for use herein. 

[0158] A general formula for these compounds is: 

wherein R1 contains an alkyl, alkenyl, or hydroxyalkyl radical 
of from 8 to 18 carbon atoms having from 0 to 10 ethylene 
oxide moieties and from 0 to 1 glyceryl moiety; Y is selected 
from the group consisting of nitrogen, phosphorus, and sulfur 
atoms; R2 is an alkyl or monohydroxy alkyl group containing 
1 to 3 carbon atoms; x is 1 WhenY is a sulfur atom and 2 When 
Y is a nitrogen or phosphorus atom, R3 is an alkylene or 
hydroxy alkylene or hydroxy alkylene of from 1 to 4 carbon 
atoms and Z is a radical selected from the group consisting of 
carboxylate, sulfonate, sulfate, phosphonate, and phosphate 
groups. 
[0159] Examples of ZWitterionic surfactants having the 
structures listed above include: 4-[N,N-di(2-hydroxyethyl) 
N-octadecylammonio]-butane-1-carboxylate; 5- [S-3-hy 
droxypropyl -5 -hexadecylsulfonio] -3 -hydroxypentane-1 -sul - 
fate; 3-[P,P-diethyl-P-3,6,9-trioxatetracosanephosphonio] -2 
hydroxypropane- 1 -pho sphate; 3 -[N,N-dipropyl-N-3 - 
dodecoxy-2-hydroxypropyl-ammonio]-propane-1 
phosphonate; 3-(N,N-dimethyl-N-hexadecylammonio) 
propane-1 -sulfonate; 3 -(N,N-dimethyl-N 
hexadecylammonio)-2-hydroxy-propane-1 -sulfonate; 4- [N, 
N-di (2 (2 -hydroxyethyl)-N(2 -hydroxydo decyl)ammonio] - 
butane-l-carboxylate; 3-[S-ethyl-S-(3 -dodecoxy-2 
hydroxypropyl)sulfonio] -propane-1 -phosphate; 3 - [P,P 
dimethyl-P-dodecylpho sphonio] -propane-1 -phosphonate; 
and S [N,N-di(3 -hydroxypropyl)-N-hexadecylammonio] -2 - 
hydroxy-pentane-l-sulfate. The alkyl groups contained in 
said detergent surfactants can be straight or branched and 
saturated or unsaturated. 

[0160] The ZWitterionic surfactant suitable for use in the 
present compositions includes a betaine of the general struc 
ture: 

These surfactant betaines typically do not exhibit strong cat 
ionic or anionic characters at pH extremes nor do they shoW 
reduced Water solubility in their isoelectric range. Unlike 
“external” quaternary ammonium salts, betaines are compat 
ible With anionics. Examples of suitable betaines include 
coconut acylamidopropyldimethyl betaine; hexadecyl dim 
ethyl betaine; C l 2_ l 4 acylamidopropylbetaine; C8_l4 acylami 
dohexyldiethyl betaine; 4-Cl4_l6 acylmethylamidodiethy 
lammonio-l -carboxybutane; C 1 6_ 1 8 

acylamidodimethylbetaine; C 1 2_ 1 6 acylamidopentanediethyl 

betaine; and C12_ 1 6 acylmethylamidodimethylbetaine. 
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[0161] Sultaines useful in the present invention include 
those compounds having the formula (R(Rl)2N+R2SO3i, in 
Which R is a C6-Cl8 hydrocarbyl group, each R1 is typically 
independently Cl-C3 alkyl, e.g. methyl, and R2 is a Cl-C6 
hydrocarbyl group, e. g. a C l-C3 alkylene or hydroxyalkylene 
group. 

[0162] A typical listing of ZWitterionic classes, and species 
ofthese surfactants, is given in Us. Pat. No. 3,929,678 issued 
to Laughlin and Heuring on Dec. 30, 1975. Further examples 
are given in “Surface Active Agents and Detergents” (Vol. I 
and II by Schwartz, Perry and Berch). 
[0163] In an embodiment, the composition of the present 
invention includes a betaine. For example, the composition 
can include cocoamidopropyl betaine. 

Embodiments of Compositions 

[0164] Some examples of representative constituent con 
centrations for embodiments of the present compositions can 
be found in Tables A-C, in Which the values are given in Wt—% 
of the ingredients in reference to the total composition 
Weight. In certain embodiments, the proportions and amounts 
in Tables A-C can be modi?ed by “about”. 

TABLE A 

Ingredient Wt—% Wt—% Wt—% Wt—% 

medium chain 0.3-7 0.5-5 0.5-4 1-3 
peroxycarboxylic 
acid 
medium chain 1-10 2-8 2-6 2.5-5 
carboxylic acid 
solubilizer 1-80 2-70 3-65 5-60 
carrier 0-98 5-90 10-80 20-70 

TABLE B 

Ingredient Wt—% Wt—% Wt—% Wt—% 

medium chain 0.3-7 0.5-5 0.5-4 1-3 
peroxycarboxylic 
acid 
medium chain 1-10 2-8 3-6 3-5 
carboxylic acid 
solubilizer 1-80 5-70 10-65 20-60 
carrier 0-98 0.2-60 5-20 20-40 

TABLE C 

Ingredient Wt—% Wt—% Wt—% Wt—% 

medium chain 0.3-7 0.5-5 0.5-4 1-2 
peroxycarboxylic 
acid 
medium chain 1-10 1-8 1.5-6 2-4 
carboxylic acid 
solubilizer 1-25 2-20 3-15 4-10 
carrier 5-97 10-90 15-70 30-75 

[0165] Some examples of representative constituent con 
centrations for additional embodiments of the present com 
positions can be found in Tables D-F, in Which the values are 
given in Wt—% of the ingredients in reference to the total 
composition Weight. In certain embodiments, the proportions 
and amounts in Tables D-F can be modi?ed by “about”. 
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TABLE D 

Ingredient Wt-% Wt-% Wt-% Wt-% 

medium chain 0.3-7 0.5-5 0.5-4 1-3 
peroxycarboxylic 
acid 
medium chain 1-10 2-8 2-6 2.5-5 
carboxylic acid 
solubilizer 1-80 2-70 3-65 5-60 
carrier 0-98 5-90 10-80 20-70 
oxidizing agent 2-30 2-25 4-20 6-10 
acidulant 1-50 2-40 3-40 5-40 
stabilizing agent 1-50 1-10 1-5 1-3 

TABLE E 

Ingredient Wt-% Wt-% Wt-% Wt-% 

medium chain 0.3-7 0.5-5 0.5-4 1-3 
peroxycarboxylic 
acid 
medium chain 1-10 2-8 3-6 3-5 
carboxylic acid 
solubilizer 1-80 5-70 10-65 20-60 
carrier 0-98 0.2-60 5-20 20-40 
oxidizing agent 2-30 2-25 4-20 6-10 
acidulant 1-50 2-40 3-40 5-40 
stabilizing agent 1-50 1-10 1-5 1-3 

TABLE F 

Ingredient Wt-% Wt-% Wt-% Wt-% 

medium chain 0.3-7 0.5-5 0.5-4 1-2 
peroxycarboxylic 
acid 
medium chain 1-10 1-8 1.5-6 2-4 
carboxylic acid 
solubilizer 1-25 2-20 3-15 4-10 
carrier 5-97 10-90 15-70 30-75 
oxidizing agent 2-30 2-25 4-20 6-10 
acidulant 1-50 2-40 3-35 5-30 
stabilizing agent 1-50 1-15 1-5 1-3 

[0166] In an embodiment, the compositions of the present 
invention include only ingredients that can be employed in 
food products or in food Wash, handling, or processing, for 
example, according to government (e.g. FDA or USDA) rules 
and regulations, 21 CFR § 170-178. In an embodiment, the 
compositions of the present invention can include only ingre 
dients at the concentrations approved for incidental food con 
tact by the USEPA, 40 CFR § 180.940. 
[0167] The present compositions can take the form of a 
liquid, solid, gel, paste, unit dose, gel pack, or the like. The 
present compositions can be supplied in any of a variety of 
containers or media, such as in a 2 compartment dispenser or 
as a pre-moistened Wipe, toWelette, or sponge. 

Carrier 

[0168] The composition of the invention can also include a 
carrier. The carrier provides a medium Which dissolves, sus 
pends, or carries the other components of the composition. 
For example, the carrier can provide a medium for solubili 
zation, suspension, or production of peroxycarboxylic acid 
and for forming an equilibrium mixture. The carrier can also 
function to deliver and Wet the antimicrobial composition of 
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the invention on an object. To this end, the carrier can contain 
any component or components that can facilitate these func 
tions. 

[0169] Generally, the carrier includes primarily Water 
Which can promote solubility and Work as a medium for 
reaction and equilibrium. The carrier can include or be pri 
marily an organic solvent, such as simple alkyl alcohols, e.g., 
ethanol, isopropanol, n-propanol, and the like. Polyols are 
also useful carriers, including glycerol, sorbitol, and the like. 
[0170] Suitable carriers include glycol ethers. Suitable gly 
col ethers include diethylene glycol n-butyl ether, diethylene 
glycol n-propyl ether, diethylene glycol ethyl ether, diethyl 
ene glycol methyl ether, diethylene glycol t-butyl ether, 
dipropylene glycol n-butyl ether, dipropylene glycol methyl 
ether, dipropylene glycol ethyl ether, dipropylene glycol pro 
pyl ether, dipropylene glycol tert-butyl ether, ethylene glycol 
butyl ether, ethylene glycol propyl ether, ethylene glycol 
ethyl ether, ethylene glycol methyl ether, ethylene glycol 
methyl ether acetate, propylene glycol n-butyl ether, propy 
lene glycol ethyl ether, propylene glycol methyl ether, pro 
pylene glycol n-propyl ether, tripropylene glycol methyl ether 
and tripropylene glycol n-butyl ether, ethylene glycol phenyl 
ether (commercially available as DOWANOL EPHTM from 
DoW Chemical Co.), propylene glycol phenyl ether (commer 
cially available as DOWANOL PPHTM from DoW Chemical 
Co.), and the like, or mixtures thereof. Additional suitable 
commercially available glycol ethers (all of Which are avail 
able from Union Carbide Corp.) include Butoxyethyl PRO 
PASOLTM, Butyl CARBITOLTM acetate, Butyl CARBI 
TOLTM, Butyl CELLOSOLVETM acetate, Butyl 
CELLOSOLVETM, Butyl DIPROPASOLTM, Butyl PROPA 
SOLTM, CARBITOLTM PM-600, CARBITOLTM LoW Grav 
ity, CELLOSOLVETM acetate, CELLOSOLVETM, Ester 
EEPTM, FILMER IBTTM, Hexyl CARBITOLTM, Hexyl CEL 
LOSOLVETM, Methyl CARBITOLTM, Methyl CELLO 
SOLVETM acetate, Methyl CELLOSOLVETM, Methyl 
DIPROPASOLTM, Methyl PROPASOLTM acetate, Methyl 
PROPASOLTM, Propyl CARBITOLTM, Propyl CELLO 
SOLVETM, Propyl DIPROPASOLTM and Propyl PROPA 
SOLTM. 

[0171] Generally, the carrier makes up a large portion of the 
composition of the invention and may be the balance of the 
composition apart from the active antimicrobial components, 
solubilizer, oxidizing agent, adjuvants, and the like. Here 
again, the carrier concentration and type Will depend upon the 
nature of the composition as a Whole, the environmental 
storage, and method of application including concentration of 
the medium chain peroxycarboxylic acid, among other fac 
tors. Notably the carrier should be chosen and used at a 
concentration Which does not inhibit the antimicrobial e?i 
cacy of the medium chain peroxycarboxylic acid in the com 
position of the invention. 
[0172] In certain embodiments, the present composition 
includes about 0 to about 98 Wt-% carrier, about 0.001 to 
about 99.99 Wt-% carrier, about 0.2 to about 60 Wt-% carrier, 
about 1 to about 98 Wt-% carrier, about 5 to about 99.99 Wt-% 
carrier, about 5 to about 97 Wt-% carrier, about 5 to about 90 
Wt-% carrier, about 5 to about 70 Wt-% carrier, about 5 to 
about 20 Wt-% carrier, about 10 to about 90 Wt-% carrier, 
about 10 to about 80 Wt-% carrier, about 10 to about 50 Wt-% 
carrier, about 10 to about 20 Wt-% carrier, about 15 to about 
70 Wt-% carrier, about 15 to about 80 Wt-% carrier, about 20 
to about 70 Wt-% carrier, about 20 to about 50 Wt-% carrier, 
about 20 to about 40 Wt-% carrier, about 20 to about 30 Wt-% 
carrier, about 30 to about 75 Wt-% carrier, about 30 to about 
70 Wt-% carrier, about 40 to about 99.99 Wt-% carrier, about 
40 to about 90 Wt-% carrier, or about 60 to about 70 Wt-% 
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carrier. The composition can include any of these ranges or 
amounts not modi?ed by about. 

OxidiZing Agent 

[0173] The present compositions and methods can include 
any of a variety of oxidizing agents. The oxidiZing agent can 
be used for maintaining or generating peroxycarboxylic 
acids. 
[0174] Examples of inorganic oxidiZing agents include the 
folloWing types of compounds or sources of these com 
pounds, or alkali metal salts including these types of com 
pounds, or forming an adduct thereWith: 
[0175] hydrogen peroxide; 
[0176] group 1 (IA) oxidiZing agents, for example lithium 
peroxide, sodium peroxide, and the like; 
[0177] group 2 (IIA) oxidiZing agents, for example magne 
sium peroxide, calcium peroxide, strontium peroxide, barium 
peroxide, and the like; 
[0178] group 12 (IIB) oxidiZing agents, for example Zinc 
peroxide, and the like; 
[0179] group 13 (IIIA) oxidiZing agents, for example boron 
compounds, such as perborates, for example sodium perbo 
rate hexahydrate of the formula Na2[Br2(O2)2(OH)4].6H2O 
(also called sodium perborate tetrahydrate and formerly Writ 
ten as NaBO3.4H2O); sodium peroxyborate tetrahydrate of 
the formula Na2Br2(O2)2[(OH)4].4H2O (also called sodium 
perborate trihydrate, and formerly Written as NaBO3 .3H2O); 
sodium peroxyborate of the formula Na2[B2(O2)2(OH)4] 
(also called sodium perborate monohydrate and formerly 
Written as NaBO3.H2O); and the like; in an embodiment, 
perborate; 
[0180] group 14 (IVA) oxidiZing agents, for example per 
silicates and peroxycarbonates, Which are also called percar 
bonates, such as persilicates or peroxycarbonates of alkali 
metals; and the like; in an embodiment, percarbonate; in an 
embodiment, persilicate; 
[0181] group 15 (VA) oxidiZing agents, for example perox 
ynitrous acid and its salts; peroxyphosphoric acids and their 
salts, for example, perphosphates; and the like; in an embodi 
ment, perphosphate; 
[0182] group 16 (VIA) oxidiZing agents, for example per 
oxysulfuric acids and their salts, such as peroxymonosulfuric 
and peroxydisulfuric acids, and their salts, such as persul 
fates, for example, sodium persulfate; and the like; in an 
embodiment, persulfate; 
[0183] group VIa oxidiZing agents such as sodium perio 
date, potassium perchlorate and the like. 
[0184] Other active inorganic oxygen compounds can 
include transition metal peroxides; and other such peroxygen 
compounds, and mixtures thereof. 
[0185] In an embodiment, the compositions and methods of 
the present invention employ one or more of the inorganic 
oxidiZing agents listed above. Suitable inorganic oxidiZing 
agents include oZone, hydrogen peroxide, hydrogen peroxide 
adduct, group lllA oxidiZing agent, group VIA oxidiZing 
agent, group VA oxidiZing agent, group VIIA oxidiZing agent, 
or mixtures thereof. Suitable examples of such inorganic 
oxidiZing agents include percarbonate, perborate, persulfate, 
perphosphate, persilicate, or mixtures thereof. 
[0186] Hydrogen peroxide presents one suitable example 
of an inorganic oxidiZing agent. Hydrogen peroxide can be 
provided as a mixture of hydrogenperoxide and Water, e. g., as 
liquid hydrogen peroxide in an aqueous solution. Hydrogen 
peroxide is commercially available at concentrations of 35%, 
70%, and 90% in Water. For safety, the 35% is commonly 
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used. The present compositions can include, for example, 
about 2 to about 30 Wt-% or about 5 to about 20 Wt-% 
hydrogen peroxide. 
[0187] In an embodiment, the inorganic oxidiZing agent 
includes hydrogen peroxide adduct. For example, the inor 
ganic oxidiZing agent can include hydrogen peroxide, hydro 
gen peroxide adduct, or mixtures thereof. Any of a variety of 
hydrogen peroxide adducts are suitable for use in the present 
compositions and methods. For example, suitable hydrogen 
peroxide adducts include percarbonate salt, urea peroxide, 
peracetyl borate, an adduct of H202 and polyvinyl pyrroli 
done, sodium percarbonate, potassium percarbonate, mix 
tures thereof, or the like. Suitable hydrogen peroxide adducts 
include percarbonate salt, urea peroxide, peracetyl borate, an 
adduct of H202 and polyvinyl pyrrolidone, or mixtures 
thereof. Suitable hydrogen peroxide adducts include sodium 
percarbonate, potassium percarbonate, or mixtures thereof, 
for example sodium percarbonate. 
[0188] In an embodiment, the present compositions and 
methods can include hydrogen peroxide as oxidiZing agent. 
Hydrogen peroxide in combination With the percarboxylic 
acid can provide certain antimicrobial action against micro 
organisms. Additionally, hydrogen peroxide can provide an 
effervescent action Which can irrigate any surface to Which it 
is applied. Hydrogen peroxide can Work With a mechanical 
?ushing action once applied Which further cleans the surface 
of an object. An additional advantage of hydrogen peroxide is 
the food compatibility of this composition upon use and 
decomposition. 
[0189] In certain embodiments, the present composition 
includes about 0.001 to about 30 Wt-% oxidiZing agent, about 
0.001 to about 10 Wt-% oxidiZing agent, 0.002 to about 10 
Wt-% oxidiZing agent, about 2 to about 30 Wt-% oxidiZing 
agent, about 2 to about 25 Wt-% oxidiZing agent, about 2 to 
about 20 Wt-% oxidiZing agent, about 4 to about 20 Wt-% 
oxidiZing agent, about 5 to about 10 Wt-% oxidiZing agent, or 
about 6 to about 10 Wt-% oxidiZing agent. The composition 
can include any of these ranges or amounts not modi?ed by 
about. 

Acidulant 

[0190] In an embodiment, the present composition can 
include an acidulant. The acidulant can act as a catalyst for 
conversion of carboxylic acid to peroxycarboxylic acid. The 
acidulant can be effective to form a concentrate composition 
With pH of about 1 or less. The acidulant can be effective to 
form a use composition With pH of about 5, about 5 or less, 
about 4, about 4 or less, about 3, about 3 or less, about 2, about 
2 or less, or the like. In an embodiment, the acidulant includes 
an inorganic acid. Suitable inorganic acids include sulfuric 
acid, phosphoric acid, nitric acid, hydrochloric acid, methane 
sulfonic acid, ethane sulfonic acid, propane sulfonic acid, 
butane sulfonic acid, xylene sulfonic acid, benZene sulfonic 
acid, mixtures thereof, or the like. 
[0191] In an embodiment, the acidulant includes a carboxy 
lic acid With pKa less than 4. Suitable carboxylic acids With 
pKa less than 4 include hydroxyacetic acid, hydroxypropi 
onic acid, other hydroxycarboxylic acids, mixtures thereof, 
or the like. Such an acidulant is present at a concentration 
Where it does not act as a solubiliZer. 

[0192] In certain embodiments, the present composition 
includes about 0.001 to about 50 Wt-% acidulant, about 0.001 
to about 30 Wt-% acidulant, about 1 to about 50 Wt-% acidu 
lant, about 1 to about 30 Wt-% acidulant, about 2 to about 40 
Wt-% acidulant, about 2 to about 10 Wt-% acidulant, about 3 
to about 40 Wt-% acidulant, about 5 to about 40 Wt-% acidu 
lant, about 5 to about 25 Wt-% acidulant, about 10 to about 40 
































