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ABSTRACT 

Disclosed are antimicrobial compositions for treating poul 
try, meat, and other surfaces to substantially eliminate 
bacteria and microorganism harmful to humans. The com 
positions include a combination of an aliphatic heteroaryl 
salt, trichloromelamine, and at least tWo ammonium salts 
comprising an aliphatic benZylalkyl ammonium salt, 
dialiphatic dialkyl ammonium salt, or a tetraalkyl ammo 
nium salt. 
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ANTIMICROBIAL SOLUTIONS AND PROCESS 
RELATED THERETO 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of Inter 
national Application No. PCT/US2004/006599, ?led Mar. 5, 
2004. Application PCT/US2004/006599 claims bene?t of 
priority to US. Provisional Application No. 60/451,678, 
?led Mar. 5, 2003, and US. Provisional Application No. 
60/507,949 ?led Oct. 3, 2003. International Application No. 
PCT/U S2004/0065 99 and US. Provisional Application Nos. 
60/451,678 and 60/507,949 are each incorporated by refer 
ence herein in their entireties. 

FIELD 

[0002] The disclosed matter generally relates to composi 
tions and methods for reducing or preventing microorganism 
groWth or survival. More speci?cally, the disclosed matter 
relates to compositions and methods for treating meat and 
poultry to eliminate pathogenic microorganisms. 

BACKGROUND 

[0003] Prevention of food-borne illness has been of para 
mount concern for the food industry, the public, and the 
regulatory agencies. The Centers for Disease Control and 
Prevention (CDC) conducted an evaluation to better quan 
tify the impact of food-borne diseases on health in the US. 
(Mead, et al., Food-Related Illness and Death in the United 
States, Centers for Disease Control and Prevention, Atlanta, 
Ga., USA, 2003). The report estimated that food-borne 
diseases cause approximately 76 million illnesses, 325,000 
hospitaliZations, and 5,000 deaths in the US. each year. 
KnoWn pathogens account for an estimated 14 million 
illnesses, 60,000 hospitaliZations, and 1,800 deaths. Three 
pathogens, Salmonella, Listeria, and Toxoplasma, are 
responsible for 1,500 deaths each year, more than 75% of 
those deaths caused by knoWn pathogens, While unknoWn 
agents account for the remaining 62 million illnesses, 265, 
000 hospitaliZations, and 3,200 deaths. Other food-borne 
microorganisms that are of public health concern include 
Aeromonas hydrophila, Arcobacter butzleri, Bacillus cereus, 
Campylobacterjejuni, Escherichia coli, and Staphylococcus 
aureus. Fred R. Shank, Director of the Center for Food 
Safety and Applied Nutrition of the Food and Drug Admin 
istration testi?ed before the US. Congress that the yearly 
cost of food-borne illness in the US. is betWeen $7.7 and 
$23 billion. 

[0004] Salmonella is one of the more common intestinal 
infections With potentially fatal consequences. The CDC 
reports that every year approximately 40,000 cases of sal 
monellosis are reported in the US. Because many milder 
cases are not diagnosed or reported, the actual number of 
infections is likely much higher. Salmonellosis is more 
common in Warmer months than during the Winter months. 
And the most likely to have severe infections are young 
children, the elderly, and the immuno-compromised. It is 
estimated that approximately 600 persons die each year With 
acute salmonellosis. 

[0005] Salmonella and many other microorganisms can 
adhere to poultry, meat, and other food tissues, making 
removal of the microorganisms dif?cult With rinsing alone. 
Consequently, treatments including irradiation, chemical 
treatment, and physical processing have been used to 
address the problem of microorganism contamination of 
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food. For example, trisodium phosphate has been used in 
poultry processing to eliminate Salmonella lyphimurium. 
HoWever, studies have provided con?icting results on ef? 
cacy of trisodium phosphate against treating Salmonella. 

[0006] A common problem With many treatments is that 
they may be effective against one type of microorganism but 
not others. For example, US. Pat. No. 5,366,983 discloses 
a composition containing an aqueous solution of a quater 
nary ammonium compound (“QAC”). It has been reported, 
hoWever, that QAC’s including alkyl pyridinium halides 
(such as cetylpyridinium chloride (“CPC”) and cetylpyri 
dinium bromide (“CPB”)) Were effective in removing Sal 
monella but not other types of microorganisms. It has also 
been found that treatment With CPC requires contacting the 
meat or poultry With large quantities of CPC for long periods 
of time. This requires costly doWnstream processing steps to 
remove the CPC. Typically, this is done by recapturing the 
product as it is sprayed and hauled out, similar to toxic 
Waste. 

[0007] US. Pat. No. 5,855,940 also discloses a composi 
tion containing a QAC for inhibiting attachment of and 
removing pathogenic toxin-producing Escherichia contami 
nation. This patent discloses a composition containing QAC 
selected from the group consisting of alkyl pyridinium, 
tetraalkylammonium, and alkylalicyclic ammonium salts in 
an aqueous solution. 

[0008] Other treatment methods include treatment With a 
chlorine solution or With a solution of tri-sodium phosphate. 
Chlorine solutions have been found ineffective in eliminat 
ing all of the pathogenic microorganisms. Also, When chlo 
rine is added to a solution or Water, the ef?cacy of the 
chloride is only as good as the mole concentration of the 
chloride ion. The concentration of chloride ion can decrease 
rapidly due to the ion interacting With, for example, nascent 
oxygen. Tri-sodium phosphate has been used during the 
reprocessing stage Where the inside and outside of the 
poultry is sanitiZed. This process, hoWever, requires ?ltering 
the reprocessor’s Water before disposal in order to remove 
tri-sodium phosphate. Still other common antimicrobial 
compositions that are used, While effective on some sur 
faces, can not be used on food surfaces due to their toxicity. 

[0009] Presently, there are no knoWn effective antimicro 
bial compositions that are effective against a broad range of 
microorganisms and can be safely be used on food surfaces. 
Accordingly, there is a need for antimicrobial compositions 
and methods for treating contaminated food such as poultry 
and meat to eliminate a broad range of microorganisms. 
Further there is also a need for antimicrobial compositions 
that can be effectively be used on other surfaces, such as 
?oors, coolers, tables, trays, and the like. The antimicrobial 
compositions and methods disclosed herein meet these and 
other needs. 

SUMMARY 

[0010] In accordance With the purposes of the disclosed 
materials, compounds, compositions, and methods, as 
embodied and broadly described herein, the disclosed mat 
ter, in one aspect, relates to compositions and methods for 
preparing and using such compositions. In another aspect, 
disclosed herein are antimicrobial compositions and meth 
ods for using such compositions to reduce, prevent, or 
eliminate a microorganism, such as a food-borne microor 
ganism on poultry and meat. 

[0011] The advantages described beloW Will be realiZed 
and attained by means of the elements and combinations 
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particularly pointed out in the appended claims. It is to be 
understood that both the foregoing general description and 
the folloWing detailed description are exemplary and 
explanatory only and are not restrictive. 

BRIEF DESCRIPTION OF THE FIGURES 

[0012] The accompanying ?gures, Which are incorporated 
in and constitute a part of this speci?cation, illustrate several 
aspects described beloW. 

[0013] FIG. 1 is a How chart shoWing the steps taken in 
poultry processing. 
[0014] FIG. 2 is a How chart shoWing a poultry processing 
method according to one aspect of the disclosed subject 
matter. 

[0015] In the folloWing ?gures “ST” refers to Salmonella 
lyphimurium, “LM” refers to Listeria monocytogenes, “SA” 
refers to Staphylococcus aureau, “EC” refers to Escherichia 
coli, “PF” refers to Pseudomonas?uorscens, and “SP” refers 
to Shewanella putrefaciens. Also, an antimicrobial compo 
sition as disclosed herein is indicated as “Test Solution” and 
a control solution is indicated as “Controls.” 

[0016] FIG. 3 is a graph shoWing the effect of an antimi 
crobial composition as disclosed herein and a control solu 
tion on pathogenic and spoilage bacterial isolates. The 
results are shoWn in terms of detection times (hours). 
Detection times of 24 hours mean no groWth occurred after 
exposure to test solution. 

[0017] FIG. 4 is a graph shoWing the reduction of the 
indicated bacterial colonies (in log1O colony forming units) 
When exposed to an antimicrobial composition as disclosed 
herein or a control solution. 

[0018] FIG. 5 is a graph shoWing the effect of an antimi 
crobial composition as disclosed herein and control solution 
on the indicated bacterial isolates. The results are shoWn in 
terms of detection times (hours). Detection times of 24 hours 
mean no groWth occurred after exposure to test solution. 

[0019] FIG. 6 is a graph shoWing the reduction of indi 
cated bacterial colonies (in logo colony forming units) When 
exposed to an antimicrobial composition as disclosed herein 
or a control solution. 

[0020] FIG. 7 is a graph shoWing the effect of an antimi 
crobial composition as disclosed herein and a control solu 
tion When used to treat the indicated microorganisms 
attached to food contact surfaces. The results are shoWn in 
terms of detection times (hours). Detection times of 24 hours 
mean no groWth occurred after exposure to test solution. 

[0021] FIG. 8 is a graph comparing Salmonella content 
(in log1O colony forming units) in control samples treated 
With Water and samples treated With a diluted antimicrobial 
composition as disclosed herein. 

[0022] FIG. 9 is a graph comparing E. coli or coliforms 
microbial content (in log1O colony forming units) in control 
samples treated With Water and samples treated With a 
diluted antimicrobial composition as disclosed herein. 

DETAILED DESCRIPTION 

[0023] The materials, compositions, articles, devices, and 
methods described herein may be understood more readily 
by reference to the folloWing detailed description of speci?c 
aspects of the disclosed subject matter, and methods and the 
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Examples included therein and to the Figures and their 
previous and folloWing description. 

[0024] Before the present materials, compositions, 
articles, devices, and methods are disclosed and described, 
it is to be understood that the aspects described beloW are not 
limited to speci?c synthetic methods or speci?c reagents, as 
such may, of course, vary. It is also to be understood that the 
terminology used herein is for the purpose of describing 
particular aspects only and is not intended to be limiting. 

[0025] Also, throughout this speci?cation, various publi 
cations are referenced. The disclosures of these publications 
in their entireties are hereby incorporated by reference into 
this application in order to more fully describe the state of 
the art to Which the disclosed subject matter pertains. The 
references disclosed are also individually and speci?cally 
incorporated by reference herein for the material contained 
in them that is discussed in the sentence in Which the 
reference is relied upon. 

[0026] General De?nitions 

[0027] In this speci?cation and in the claims that folloW, 
reference Will be made to a number of terms, Which shall be 
de?ned to have the folloWing meanings: 

[0028] As used in the speci?cation and the appended 
claims, the singular forms “a,”“an,” and “the” include plural 
referents unless the context clearly dictates otherWise. Thus, 
for example, reference to “a compound” includes mixtures 
of tWo or more such compounds, reference to “an agent” 
includes mixtures of tWo or more such agents, reference to 
“the composition” includes mixtures of tWo or more such 
compositions, and the like. 

[0029] Throughout the speci?cation and claims, the Word 
“comprise” and variations of the Word, such as “comprising” 
and “comprises,” means “including but not limited to,” and 
is not intended to exclude, for example, other additives, 
components, integers, or steps. 

[0030] “Optional” or “optionally” means that the subse 
quently described event or circumstance can or cannot 
occur, and that the description includes instances Where the 
event or circumstance occurs and instances Where it does 
not. 

[0031] Ranges can be expressed herein as from “about” 
one particular value, and/or to “about” another particular 
value. When such a range is expressed, another embodiment 
includes from the one particular value and/or to the other 
particular value. Similarly, When values are expressed as 
approximations, by use of the antecedent “about,” it Will be 
understood that the particular value forms another embodi 
ment. It Will be further understood that the endpoints of each 
of the ranges are signi?cant both in relation to the other 
endpoint, and independently of the other endpoint. It is also 
understood that there are a number of values disclosed 
herein, and that each value is also herein disclosed as 
“about” that particular value in addition to the value itself. 
For example, if the value “10” is disclosed, then “about 10” 
is also disclosed. It is also understood that When a value is 
disclosed that “less than or equal to” the value, “greater than 
or equal to the value” and possible ranges betWeen values 
are also disclosed, as appropriately understood by the skilled 
artisan. For example, if the value “10” is disclosed then “less 
than or equal to 10” as Well as “greater than or equal to 10” 
is also disclosed. It is also understood that the throughout the 
application, data is provided in a number of different for 
mats, and that this data, represents endpoints and starting 



US 2005/0271781 A1 

points, and ranges for any combination of the data points. 
For example, if a particular data point “10” and a particular 
data point “15” are disclosed, it is understood that greater 
than, greater than or equal to, less than, less than or equal to, 
and equal to 10 and 15 are considered disclosed as Well as 
betWeen 10 and 15. It is also understood that each unit 
betWeen tWo particular units are also disclosed. For 
eXample, if 10 and 15 are disclosed, then 11, 12, 13, and 14 
are also disclosed. 

[0032] References in the speci?cation and claims to parts 
by Weight of a particular element or component in a com 
position or article denotes the Weight relationship betWeen 
the element or component and any other elements or com 
ponents in the composition or article for Which a part by 
Weight is expressed. Thus, in a compound containing 2 parts 
by Weight of component X and 5 parts by Weight component 
Y, X and Y are present at a Weight ratio of 2:5, and are 
present in such ratio regardless of Whether additional com 
ponents are contained in the compound. 

[0033] A Weight percent of a component, unless speci? 
cally stated to the contrary, is based on the total Weight of the 
formulation or composition in Which the component is 
included. 

[0034] By “reduce” or other forms of the Word, such as 
“reducing” or “reduction,” is meant loWering of an event or 
characteristic (e.g., microorganism groWth or survival). It is 
understood that this is typically in relation to some standard 
or expected value, in other Words it is relative, but that it is 
not alWays necessary for the standard or relative value to be 
referred to. For eXample, “reduces the population of bacte 
ria” means loWering the amount of bacteria relative to a 
standard or a control. 

[0035] By “prevent” or other forms of the Word, such as 
“preventing” or “prevention,” is meant to stop a particular 
event or characteristic, to stabiliZe or delay the development 
or progression of a particular event or characteristic, or to 
minimize the chances that a particular event or characteristic 
Will occur. Prevent does not require comparison to a control 
as it is typically more absolute than, for eXample, reduce. As 
used herein, something could be reduced but not prevented, 
but something that is reduced could also be prevented. 
Likewise, something could be prevented but not reduced, 
but something that is prevented could also be reduced. It is 
understood that Where reduce or prevent are used, unless 
speci?cally indicated otherWise, the use of the other Word is 
also expressly disclosed. 

[0036] By “treat” or other forms of the Word, such as 
“treated” or “treatment,” is meant to administer a composi 
tion or to perform a method in order to reduce, prevent, 
inhibit, break-doWn, or eliminate a particular characteristic 
or event (e.g., microorganism groWth or survival). 

[0037] By “antimicrobial” is meant the ability to treat 
(e.g., reduce, prevent, inhibit, break-doWn, or eliminate) 
microorganism groWth or survival at any concentration. 

[0038] Chemical De?nitions 

[0039] As used herein, the term “substituted” is contem 
plated to include all permissible substituents of organic 
compounds. In a broad aspect, the permissible substituents 
include acyclic and cyclic, branched and unbranched, car 
bocyclic and heterocyclic, and aromatic and nonaromatic 
substituents of organic compounds. Illustrative substituents 
include, for eXample, those described beloW. The permis 
sible substituents can be one or more and the same or 
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different for appropriate organic compounds. For purposes 
of this disclosure, the heteroatoms, such as nitrogen and 
oXygen, can have hydrogen substituents and/or any permis 
sible substituents of organic compounds described herein 
Which satisfy the valencies of the heteroatoms. This disclo 
sure is not intended to be limited in any manner by the 
permissible substituents of organic compounds. Also, the 
terms “substitution” or “substituted With” include the 
implicit proviso that such substitution is in accordance With 
permitted valence of the substituted atom and the substitu 
ent, and that the substitution results in a stable compound, 
e.g., a compound that does not spontaneously undergo 
transformation such as by rearrangement, cycliZation, elimi 
nation, etc. Also, as used herein “substitution” or “substi 
tuted With” is meant to encompass con?gurations Where one 
substituent is fused to another substituent. For eXample, an 
alkyl group substituted With an aryl group (or vice versa) can 
mean that the aryl group is bonded to the alkyl group via a 
single sigma bond and also that the aryl group and alkyl 
group are fused, e.g., tWo carbons of the alkyl group are 
shared With tWo carbons of the aryl group. 

[0040] “A1,”“A2,”“A3,” and “A4” are used herein as 
generic symbols to represent various speci?c substituents. 
These symbols can be any substituent, not limited to those 
disclosed herein, and When they are de?ned to be certain 
substituents in one sentence it does not mean that, in another 
sentence, they cannot be de?ned as some other substituents. 

[0041] The term “alkyl” as used herein is a branched or 
unbranched saturated hydrocarbon group of 1 to 40 carbon 
atoms, such as methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, t-butyl, pentyl, heXyl, heptyl, octyl, nonyl, decyl, 
dodecyl, tetradecyl, heXadecyl, octadecyl, eicosyl tetracosyl, 
and the like. The alkyl group can also be substituted or 
unsubstituted. The alkyl group can be substituted With one or 
more groups including, but not limited to, alkyl, halogenated 
alkyl, alkoXy, alkenyl, alkynyl, aryl, heteroaryl, aldehyde, 
amino, carboXylic acid, ester, ether, halide, hydroXy, ketone, 
sulfo-oXo, sulfonylamino, nitro, silyl, or thiol, as described 
beloW. 

[0042] Throughout the speci?cation “alkyl” is generally 
used to refer to both unsubstituted alkyl groups and substi 
tuted alkyl groups; hoWever, substituted alkyl groups are 
also speci?cally referred to herein by identifying the speci?c 
substituent(s) on the alkyl group. For eXample, the term 
“alkyl halide” speci?cally refers to an alkyl group that is 
substituted With one or more halides, e.g., ?uorine, chlorine, 
bromine, or iodine. When “alkyl” is used in one sentence 
and a speci?c term such as “alkyl halide” is used in another, 
it is not meant to imply that the term “alkyl” does not also 
refer to speci?c terms such as “alkyl halide” and the like. 

[0043] This practice is also used for other groups 
described herein. That is, While a term such as “heteroaryl” 
refers to both unsubstituted and substituted heteroaryl moi 
eties, the substituted moieties can, in addition, be speci? 
cally identi?ed herein; for eXample, a particular substituted 
heteroaryl can be referred to as, e.g., an “alkyl heteroaryl.” 
Similarly, a substituted alkenyl can be, e.g., an “alkenyl 
halide,” and the like. Again, the practice of using a general 
term, such as “heteroaryl,” and a speci?c term, such as 
“alkyl heteroaryl,” is not meant to imply that the general 
term does not also include the speci?c term. 

[0044] The term “alkenyl” as used herein is a hydrocarbon 
group of from 2 to 40 carbon atoms With a structural formula 
containing at least one carbon-carbon double bond. Asym 
metric structures such as (A1A2)C=C(A3A4) are intended 
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to include both the E and Z isomers. This may be presumed 
in structural formulae herein Wherein an asymmetric alkene 
is present, or it may be explicitly indicated by the bond 
symbol C=C. The alkenyl group can be substituted With 
one or more groups including, but not limited to, alkyl, 
halogenated alkyl, alkoxy, alkenyl, alkynyl, aryl, heteroaryl, 
aldehyde, amino, carboxylic acid, ester, ether, halide, 
hydroxy, ketone, sulfo-oxo, sulfonylamino, nitro, silyl, or 
thiol. 

[0045] The term “alkynyl” as used herein is a hydrocarbon 
group of 2 to 40 carbon atoms With a structural formula 
containing at least one carbon-carbon triple bond. The 
alkynyl group can be substituted With one or more groups 
including, but not limited to, alkyl, halogenated alkyl, 
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, aldehyde, amino, 
carboxylic acid, ester, ether, halide, hydroxy, ketone, sulfo 
oxo, sulfonylamino, nitro, silyl, or thiol. 

[0046] The term “aliphatic” as used herein refers to a 
non-aromatic hydrocarbon group and includes branched and 
unbranched, alkyl, alkenyl, or alkynyl groups. 

[0047] The term “aryl” as used herein is a group that 
contains any carbon-based aromatic group including, but not 
limited to, benZene, benZyl, naphthalene, phenyl, biphenyl, 
phenoxybenZene, and the like. The term “aryl” also includes 
“heteroaryl,” Which is de?ned as a group that contains an 
aromatic group that has at least one heteroatom incorporated 
Within the ring of the aromatic group. Examples of heteroa 
toms include, but are not limited to, nitrogen, oxygen, sulfur, 
and phosphorus. Likewise, the term “non-heteroaryl,” Which 
is also included in the term “aryl,” de?nes a group that 
contains an aromatic group that does not contain a heteroa 
tom. The aryl group can be substituted or unsubstituted. The 
aryl group can be substituted With one or more groups 
including, but not limited to, alkyl, halogenated alkyl, 
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, aldehyde, amino, 
carboxylic acid, ester, ether, halide, hydroxy, ketone, sulfo 
oxo, sulfonylamino, or thiol as described herein. The term 
“biaryl” is a speci?c type of aryl group and is included in the 
de?nition of aryl. Biaryl refers to tWo aryl groups that are 
bound together via a fused ring structure, as in naphthalene, 
or are attached via one or more carbon-carbon bonds, as in 
biphenyl. 
[0048] The term “cycloalkyl” as used herein is a non 
aromatic carbon-based ring composed of at least three 
carbon atoms. Examples of cycloalkyl groups include, but 
are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, etc. The term “heterocycloalkyl” is a cycloalkyl 
group as de?ned above Where at least one of the carbon 
atoms of the ring is substituted With a heteroatom such as, 
but not limited to, nitrogen, oxygen, sulfur, or phosphorus. 
The cycloalkyl group and heterocycloalkyl group can be 
substituted or unsubstituted. The cycloalkyl group and het 
erocycloalkyl group can be substituted With one or more 
groups including, but not limited to, alkyl, alkoxy, alkenyl, 
alkynyl, aryl, heteroaryl, aldehyde, amino, carboxylic acid, 
ester, ether, halide, hydroxy, ketone, sulfo-oxo, sulfony 
lamino, nitro, silyl, or thiol. 

[0049] The term “cycloalkenyl” as used herein is a non 
aromatic carbon-based ring composed of at least three 
carbon atoms and contains at least one double bound, e.g., 
C=C. Examples of cycloalkenyl groups include, but are not 
limited to, cyclopropenyl, cyclobutenyl, cyclopentenyl, 
cyclopentadienyl, cyclohexenyl, cyclohexadienyl, and the 
like. The term “heterocycloalkenyl” is a type of cycloalkenyl 
group as de?ned above, and is included Within the meaning 
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of the term “cycloalkenyl,” Where at least one of the carbon 
atoms of the ring is substituted With a heteroatom such as, 
but not limited to, nitrogen, oxygen, sulfur, or phosphorus. 
The cycloalkenyl group and heterocycloalkenyl group can 
be substituted or unsubstituted. The cycloalkenyl group and 
heterocycloalkenyl group can be substituted With one or 
more groups including, but not limited to, alkyl, alkoxy, 
alkenyl, alkynyl, aryl, heteroaryl, aldehyde, amino, carboxy 
lic acid, ester, ether, halide, hydroxy, ketone, sulfo-oxo, 
sulfonylamino, nitro, silyl, or thiol. 

[0050] The term “cyclic group” is used herein to refer to 
either aryl groups (e.g., heteraryl, biaryl), non-aryl groups 
(i.e., cycloalkyl, heterocycloalkyl, cycloalkenyl, and hetero 
cycloalkenyl groups), or both. Cyclic groups have one or 
more ring systems that can be substituted or unsubstituted. 
A cyclic group can contain one or more aryl groups, one or 
more non-aryl groups, or one or more aryl groups and one 
or more non-aryl groups. 

[0051] The terms “amine” or “amino” as used herein are 
represented by the formula: 

[0052] Where A1, A2, and A3 can each be, independent of 
one another, hydrogen, an alkyl, halogenated alkyl, alkenyl, 
alkynyl, aryl, heteroaryl, cycloalkyl, cycloalkenyl, hetero 
cycloalkyl, or heterocycloalkenyl group described above. 
Also, any of the A1, A2, and A3 substituents can be absent 
and any of the remaining substituents can be a multivalent 
group, i.e., form more than one bond With N. 

[0053] The terms “ammonium” or “quaternary ammo 
nium” are represented by the formula: 

A1 

[0054] Where A1, A2, A3, and A4 can each be, independent 
of one another, hydrogen, an alkyl, halogenated alkyl, alk 
enyl, alkynyl, aryl, heteroaryl, cycloalkyl, cycloalkenyl, 
heterocycloalkyl, or heterocycloalkenyl group described 
above. Also, any of the A1, A2, A3, and A4 substituents can 
be absent and any of the remaining substituents can be a 
multivalent group. 

[0055] The term “halide” as used herein refers to the 
halogens ?uorine, chlorine, bromine, and iodine. 
[0056] “X,”“R1,”“R2,” and “R“,” Where n is some integer, 
as used herein can, independently, possess tWo or more of 
the groups listed above. For example, if R is a straight chain 
alkyl group, one of the hydrogen atoms of the alkyl group 
can optionally be substituted With a hydroxyl group (OH), an 
alkoxy group, halide, etc. Depending upon the groups that 
are selected, a ?rst group can be incorporated Within second 
group or, alternatively, the ?rst group can be pendant (i.e., 
attached) or fused to the second group. 

[0057] Unless stated to the contrary, a formula With chemi 
cal bonds shoWn only as solid lines and not as Wedges or 



US 2005/0271781 A1 

dashed lines contemplates each possible isomer, e.g., each 
enantiomer and diastereomer, and a mixture of isomers, such 
as a racemic or scalemic mixtures. 

[0058] Reference Will noW be made in detail to speci?c 
aspects of the disclosed materials, compounds, composi 
tions, components, devices, articles, and methods, examples 
of Which are illustrated in the following description and 
examples, and in the ?gures and their previous and folloW 
ing description. 

[0059] Compositions 
[0060] Disclosed herein, in one aspect, are antimicrobial 
compositions. The disclosed antimicrobial compositions can 
be used to treat poultry and meat tissue, as Well as other 
foods, against various microorganisms. 

[0061] The materials and components that can be used for, 
can be used in conjunction With, can be used in preparation 
for, or are products of the disclosed compositions and 
methods are disclosed herein, and it is understood that When 
combinations, subsets, interactions, groups, etc. of these 
materials are disclosed that While speci?c reference of each 
various individual and collective combinations and permu 
tation of these compounds may not be explicitly disclosed, 
each is speci?cally contemplated and described herein. For 
example, if a molecule is disclosed and a number of modi 
?cations that can be made to a number of substituents are 
discussed, each and every combination and permutation that 
are possible are speci?cally contemplated unless speci?cally 
indicated to the contrary. In another example, if a compo 
sition is disclosed and a number of modi?cations that can be 
made to a number of components in the composition are 
discussed, each and every combination and permutation that 
are possible are speci?cally contemplated unless speci?cally 
indicated to the contrary. Thus, if a class of substituents or 
components A, B, and C are disclosed as Well as a class of 
substituents or components D, E, and F and an example of 
a combination molecule or combination composition, A-D is 
disclosed, then even if each is not individually recited, each 
is individually and collectively contemplated. Thus, in this 
example, each of the combinations A-E, A-F, B-D, B-E, B-F, 
C-D, C-E, and C-F are speci?cally contemplated and should 
be considered disclosed from disclosure of A, B, and C; D, 
E, and F; and the example combination A-D. Likewise, any 
subset or combination of these is also speci?cally contem 
plated and disclosed. Thus, for example, the sub-group of 
A-E, B-F, and C-E are speci?cally contemplated and should 
be considered disclosed from disclosure of A, B, and C; D, 
E, and F; and the example combination A-D. This concept 
applies to all aspects of this disclosure including, but not 
limited to, steps in methods of making and using the 
disclosed compositions. Thus, if there are a variety of 
additional steps that can be performed it is understood that 
each of these additional steps can be performed With any 
speci?c embodiment or combination of embodiments of the 
disclosed methods, and that each such combination is spe 
ci?cally contemplated and should be considered disclosed. 

[0062] The disclosed antimicrobial compositions, in one 
aspect, comprise an aliphatic heteroaryl salt, trichlo 
romelamine, an at least tWo ammonium salts comprising an 
aliphatic benZylalkyl ammonium salt, a dialiphatic dialkyl 
ammonium salt, or a tetraalkyl ammonium salt. For 
example, the disclosed antimicrobial compositions can com 
prise an aliphatic heteroaryl salt, trichloromelamine, an 
aliphatic benZylalkyl ammonium salt, and a tetraalkyl 
ammonium salt. In another example, the disclosed antimi 
crobial compositions can comprise an aliphatic heteroaryl 
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salt, trichloromelamine, a dialiphatic dialkyl ammonium 
salt, and a tetraalkyl ammonium salt. In a still further 
example, the disclosed antimicrobial compositions can com 
prise an aliphatic heteroaryl salt, trichloromelamine, an 
aliphatic benZylalkyl ammonium salt, and a dialiphatic 
dialkyl ammonium salt. 

[0063] Aliphatic Heteroaryl Salt 

[0064] The aliphatic heteroaryl salt component of the 
disclosed antimicrobial compositions can be one or more 
aliphatic heteroaryl salts. An aliphatic heteroaryl salt is a 
compound that comprises an aliphatic moiety bonded to a 
heteroaryl moiety, and a counterion, as are de?ned herein. 
One or more types of aliphatic heteroaryl salts can be used 
in the antimicrobial compositions disclosed herein. 

[0065] Aliphatic Moiety 
[0066] In the aliphatic heteroaryl salt component of the 
disclosed antimicrobial compositions, the aliphatic moiety 
can be any alkyl, alkenyl, alkynyl, cycloalkyl, or cycloalk 
enyl group, as described herein. Generally, the aliphatic 
moiety can comprise at least 10, at least 12, at least 14, at 
least 16, at least 18, or at least 20 carbon atoms. In other 
examples, the aliphatic moiety can comprise a mixture of 
aliphatic groups having a range of carbon atoms. For 
example, the aliphatic moiety can comprise from 10 to 40, 
from 12 to 38, from 14 to 36, from 16 to 34, from 18 to 32, 
from 14 to 18, or from 20 to 30 carbon atoms. In some 
speci?c examples, the aliphatic moiety can contain 10, 11, 
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 
44, or 45 carbon atoms, Where any of the stated values can 
form an upper or loWer endpoint When appropriate. 
Examples of speci?c aliphatic moieties that can be used in 
the disclosed aliphatic heteroaryl salts include, but are not 
limited to, decyl, dodecyl (lauryl), tetradecyl (myristyl), 
hexadecyl (palmityl or cetyl), octadecyl (stearyl), eicosyl 
(arachidyl), and linolenyl groups, including branched 
derivatives thereof and any mixtures thereof. In the aliphatic 
heteroaryl salts, the aliphatic moiety is bonded to a heteroa 
tom in the heteroaryl moiety. 

[0067] Heteroaryl Moiety 
[0068] In the aliphatic heteroaryl salt component of the 
disclosed antimicrobial compositions, the heteroaryl moiety 
can be any heteroaryl moiety as described herein. For 
example, the heteroaryl moiety can be an aryl group having 
one or more heteroatoms. Examples of speci?c heteroaryl 
moieties that can be used in the aliphatic heteroaryl salts 
include, but are not limited to, pyraZole, pyridine, pyraZine, 
pyrimidine, pryidaZine, indoliZine, isoindole, indole, inda 
Zole, imidaZole, oxaZole, triaZole., thiaZole, purine, iso 
quinoline, quinoline, phthalaZine, quinooxaline, phenaZine, 
and the like, including substituted derivatives and mixtures 
thereof. 

[0069] In the aliphatic heteroaryl salts, a heteroatom in the 
heteroaryl moiety is bonded to the aliphatic moiety. When 
the heteroatom is nitrogen, this forms a quaternary ammo 
nium species. 

[0070] Counterion 

[0071] In the disclosed aliphatic heteroaryl salts, the coun 
terion can be any ion that has an opposite charge as the 
remaining aliphatic heteroaryl portion of the salt. For 
example, When the heteroatom of heteroaryl moiety is 
bonded to the aliphatic moiety to form a positively charged 
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quaternary ammonium moiety, the counterion can be a 
negatively charged moiety. Likewise, if the aliphatic het 
eroaryl portion is negatively charged, then the counterion 
can be positively charged. In the disclosed aliphatic het 
eroaryl salts, one or more different types of counterions can 
be present. 

[0072] In some speci?c examples, the counterion can be a 
halide, such as a ?uoride, chloride, bromide, or iodide. In 
other examples, suitable counterions for the aliphatic het 
eroaryl salt can include, but are not limited to, sul?de, 
sulfates, sul?tes, phosphide, phosphates, phosphites, car 
bonates, bicarbonates, nitrates, nitrites, hypochlorite, chlo 
rite, perchlorate, acetate, formate, hydroxide, and the like, 
including mixtures thereof. 

SPECIFIC EXAMPLES 

[0073] In one aspect, the aliphatic heteroaryl salt can have 
any of the aliphatic moieties disclosed above combined With 
any of the heteroaryl moieties disclosed above. In some 
speci?c examples, the aliphatic heteroaryl salt can be an 
alkyl pyridinium salt, an alkyl quinolinium salt, an alkyl 
imidaZolinium salt, or any mixture thereof. In other 
examples, the aliphatic heteroaryl salt can be an alkenyl 
pyraZolium salt, an alkenyl pyraZinium salt, an alkenyl 
quinolinium salt, or any mixture thereof. The counter ions 
for these speci?c examples can be halides, nitrates, sulfates, 
carbonates or any other counterion disclosed herein. In other 
aspects, a speci?c example of an alkyl pyridinium salt 
includes an alkyl pyridinium halide such as, but not limited 
to, cetylpyridinium halide (e.g., cetylpyridinium chloride, 
cetylpyridinium bromide, or mixtures thereof), laurylpyri 
dinium halide (e.g., laurylpyridinium chloride, laurylpyri 
dinium bromide, or mixtures thereof), myristylpyridinium 
halide (e.g., myristylpyridinium chloride, myristylpyri 
dinium bromide, or mixtures thereof), stearylpyridinium 
halide (e.g., stearylpyridinium chloride, stearylpyridinium 
bromide, or mixtures thereof), and arachidylpyridinium 
halide (arachidylpyridinium chloride, arachidylpyridinium 
bromide, or mixtures thereof). In a speci?c example, the 
aliphatic heteroaryl salt can comprise cetylpyridinium chlo 
ride, cetylpyridinium bromide, or a mixture thereof. 

[0074] Amounts 

[0075] The aliphatic heteroaryl salts disclosed herein can 
be prepared by methods knoWn in the art or can be obtained 
from commercial sources. The aliphatic heteroaryl salt can 
be present in the antimicrobial compositions disclosed 
herein in an amount of from less than about 20 Weight %, 
less than about 15 Weight %, less than about 10 Weight %, 
less than about 8 Weight %, less than about 6 Weight %, less 
than about 5 Weight %, less than about 4 Weight %, less than 
about 3 Weight %, less than about 2 Weight %, less than 
about 1 Weight %, or less than about 0.5 Weight %, based on 
the total Weight of the antimicrobial composition. In another 
aspect, the aliphatic heteroaryl salt can be present in the 
antimicrobial compositions disclosed herein in an amount of 
from greater than about 0.5 Weight %, greater than about 1 
Weight %, greater than about 2 Weight %, greater than about 
3 Weight %, greater than about 4 Weight %, greater than 
about 5 Weight %, greater than about 6 Weight %, greater 
than about 8 Weight %, greater than about 10 Weight %, 
greater than about 15 Weight %, or greater than about 20 
Weight %, based on the total Weight of the antimicrobial 
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composition. In still another aspect, the aliphatic heteroaryl 
salt can be present in the antimicrobial compositions dis 
closed herein in an amount of from about 0.5 to about 20 
Weight %, from about 1 to about 15 Weight %, from about 
2 to about 10 Weight %, from about 3 to about 8 Weight %, 
from about 3.5 to about 8 Weight %, from about 4 to about 
6 Weight %, from about 6 to about 8 Weight %, or about 7.5 
Weight %, based on the total Weight of the antimicrobial 
composition. In yet another aspect, the aliphatic heteroaryl 
salt can be present in the antimicrobial compositions dis 
closed herein in an amount of about 0.25, 0.5, 0.75, 1.0, 
1.25, 1.5, 1.75, 2.0, 2.25, 2.5, 2.75, 3.0, 3.25, 3.5, 3.75, 4.0, 
4.25, 4.5, 4.75, 5.0, 5.25, 5.5, 5.75, 6.0, 6.25, 6.5, 6.75, 7.0, 
7.25, 7.5, 7.75, 8.0, 8.25, 8.5, 8.75, 9.0, 9.25, 9.5, 9.75, 10.0, 
10.25, 10.5, 10.75, 11.0, 11.25, 11.5, 11.75, 12.0, 12.25, 
12.5, 12.75, 13.0, 13.25, 13.5, 13.75, 14.0, 14.25, 14.5, 
14.75, 15.0, 15.25, 15.5, 15.75, 16.0, 16.25, 16.5, 16.75, 
17.0, 17.25, 17.5, 17.75, 18.0, 18.25, 18.5, 18.75, 19.0, 
19.25, 19.5, 19.75, or 20.0 Weight %, based on the total 
Weight of the antimicrobial composition and Where any of 
the stated values can form an upper or loWer endpoint When 
appropriate. 
[0076] In another aspect, the antimicrobial compositions 
disclosed herein can contain less than about 20 parts by 
Weight, less than about 15 parts by Weight, less than about 
10 parts by Weight, less than about 8 parts by Weight, less 
than about 6 parts by Weight, less than about 5 parts by 
Weight, less than about 4 parts by Weight, less than about 3 
parts by Weight, less than about 2 parts by Weight, less than 
about 1 part by Weight, or less than about 0.5 parts by Weight 
of the aliphatic heteroaryl salt. In another aspect, the anti 
microbial compositions disclosed herein can contain greater 
than about 0.5 parts by Weight, greater than about 1 part by 
Weight, greater than about 2 parts by Weight, greater than 
about 3 parts by Weight, greater than about 4 parts by Weight, 
greater than about 5 parts by Weight, greater than about 6 
parts by Weight, greater than about 8 parts by Weight, greater 
than about 10 parts by Weight, greater than about 15 parts by 
Weight, or greater than about 20 parts by Weight of the 
aliphatic heteroaryl salt. In still another aspect, the antimi 
crobial compositions disclosed herein can contain from 
about 0.5 to about 20 parts by Weight, from about 1 to about 
15 parts by Weight, from about 2 to about 10 parts by Weight, 
from about 3 to about 8 parts by Weight, from about 3.5 to 
about 8 parts by Weight, from about 4 to about 6 parts by 
Weight, from about 6 to about 8 parts by Weight, or about 7.5 
parts by Weight of the aliphatic heteroaryl salt. In yet another 
aspect, the antimicrobial compositions disclosed herein can 
contain about 0.25, 0.5, 0.75, 1.0, 1.25, 1.5, 1.75, 2.0, 2.25, 
2.5, 2.75, 3.0, 3.25, 3.5, 3.75, 4.0, 4.25, 4.5, 4.75, 5.0, 5.25, 
5.5, 5.75, 6.0, 6.25, 6.5, 6.75, 7.0, 7.25, 7.5, 7.75, 8.0, 8.25, 
8.5, 8.75, 9.0, 9.25, 9.5, 9.75, 10.0, 10.25, 10.5, 10.75, 11.0, 
11.25, 11.5, 11.75, 12.0, 12.25, 12.5, 12.75, 13.0, 13.25, 
13.5, 13.75, 14.0, 14.25, 14.5, 14.75, 15.0, 15.25, 15.5, 
15.75, 16.0, 16.25, 16.5, 16.75, 17.0, 17.25, 17.5, 17.75, 
18.0, 18.25, 18.5, 18.75, 19.0, 19.25, 19.5, 19.75, or 20.0 
parts by Weight of the aliphatic heteroaryl salt, Where any of 
the stated values can form an upper or loWer endpoint When 
appropriate. 

[0077] Trichloromelamine 

[0078] The trichloromelamine (i.e., N2,N4,N6-Trichloro 
2,4,6-triamino-s-triaZine) component of the disclosed anti 
microbial compositions can be prepared by methods knoWn 
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in the art or can be obtained from commercial sources. 
Trichloromelamine can be present in the antimicrobial com 
positions disclosed herein in any amount as is described 
above for the aliphatic benZylalkyl ammonium salt. For 
example, trichloromelamine can be present in an amount of 
from in an amount of from less than about 1.0 Weight %, less 
than about 0.75 Weight %, less than about 0.5 Weight %, less 
than about 0.25 Weight %, less than about 0.10 Weight %, 
less than about 0.075 Weight %, less than about 0.05 Weight 
%, less than about 0.025 Weight %, less than about 0.01 
Weight %, less than about 0.0075 Weight %, less than about 
0.005 Weight %, less than about 0.0025 Weight %, or less 
than about 0.001 Weight %, based on the total Weight of the 
antimicrobial composition. In another aspect, trichlo 
romelamine can be present in the antimicrobial composi 
tions disclosed herein in an amount of from greater than 
about 0.001 Weight %, greater than about 0.0025 Weight %, 
greater than about 0.005 Weight %, greater than about 
0.0075 Weight %, greater than about 0.01 Weight %, greater 
than about 0.025 Weight %, greater than about 0.05 Weight 
%, greater than about 0.075 Weight %, greater than about 0.1 
Weight %, greater than about 0.25 Weight %, greater than 
about 0.5 Weight %, greater than about 0.75 Weight %, or 
greater than about 1.0 Weight %, based on the total Weight 
of the antimicrobial composition. In still another aspect, 
trichloromelamine can be present in the antimicrobial com 
positions disclosed herein in an amount of from about 0.001 
to about 1.0 Weight %, from about 0.0025 to about 0.75 
Weight %, from about 0.005 to about 0.5 Weight %, 0.005 to 
about 0.1 Weight %, from about 0.0075 to about 0.25 Weight 
%, from about 0.01 to about 0.1 Weight %, from about 0.025 
to about 0.075 Weight %, about 0.005 to about 0.1 Weight %, 
about 0.005 to about 0.02 Weight %, about 0.005 to about 
0.01 Weight %, or about 0.01 Weight %, based on the total 
Weight of the antimicrobial composition. Still further, 
trichloromelamine can be present in an amount of from 
about 0.001 to about 0.1 Weight %, from about 0.005 to 
about 0.075 Weight %, from about 0.0075 about 0.05 Weight 
%, or from about 0.01 to about 0.02 Weight %, based on the 
total Weight of the antimicrobial composition. In yet another 
aspect, trichloromelamine can be present in the antimicro 
bial compositions disclosed herein in an amount of about 
0.001, 0.0015, 0.002, 0.0025, 0.003, 0.0035, 0.004, 0.0045, 
0.005, 0.005, 0.0055, 0.006, 0.0065, 0.007, 0.0075, 0.008, 
0.0085, 0.009, 0.009, 0.0095, 0.01, 0.0105, 0.011, 0.0115, 
0.012, 0.0125, 0.013, 0.013, 0.0135, 0.014, 0.0145, 0.015, 
0.0155, 0.016, 0.0165, 0.017, 0.017, 0.0175, 0.018, 0.0185, 
0.019, 0.0195, 0.02, 0.0205, 0.021, 0.021, 0.0215, 0.022, 
0.0225, 0.023, 0.0235, 0.024, 0.0245, 0.025, 0.025, 0.03, 
0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 
0.7, 0.8, 0.9, or 1 Weight %, based on the total Weight of the 
antimicrobial composition and Where any of the stated 
values can form an upper or loWer endpoint When appro 
priate. 

[0079] In another examples, the disclosed antimicrobial 
compositions can contain less than about 1.0 parts by 
Weight, less than about 0.75 parts by Weight, less than about 
0.5 parts by Weight, less than about 0.25 parts by Weight, less 
than about 0.10 parts by Weight, less than about 0.075 parts 
by Weight, less than about 0.05 parts by Weight, less than 
about 0.025 parts by Weight, less than about 0.01 parts by 
Weight, less than about 0.0075 parts by Weight, less than 
about 0.005 parts by Weight, less than about 0.0025 parts by 
Weight, or less than about 0.001 parts by Weight of trichlo 
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romelamine. In another aspect, the antimicrobial composi 
tions disclosed herein can contain greater than about 0.001 
parts by Weight, greater than about 0.0025 parts by Weight, 
greater than about 0.005 parts by Weight, greater than about 
0.0075 parts by Weight, greater than about 0.01 parts by 
Weight, greater than about 0.025 parts by Weight, greater 
than about 0.05 parts by Weight, greater than about 0.075 
parts by Weight, greater than about 0.1 parts by Weight, 
greater than about 0.25 parts by Weight, greater than about 
0.5 parts by Weight, greater than about 0.75 parts by Weight, 
or greater than about 1.0 parts by Weight of trichlo 
romelamine. In still another aspect, the antimicrobial com 
positions disclosed herein can contain from about 0.001 to 
about 1.0 parts by Weight, from about 0.0025 to about 0.75 
parts by Weight, from about 0.005 to about 0.5 parts by 
Weight, 0.005 to about 0.1 parts by Weight, from about 
0.0075 to about 0.25 parts by Weight, from about 0.01 to 
about 0.1 parts by Weight, from about 0.025 to about 0.075 
parts by Weight, about 0.005 to about 0.1 parts by Weight, 
about 0.005 to about 0.02 parts by Weight, about 0.005 to 
about 0.01 parts by Weight, or about 0.01 parts by Weight of 
trichloromelamine. Still further, trichloromelamine can be 
present in an amount of from about 0.001 to about 0.1 parts 
by Weight, from about 0.005 to about 0.075 parts by Weight, 
from about 0.0075 about 0.05 parts by Weight, or from about 
0.01 to about 0.02 parts by Weight trichloromelamine. In yet 
another aspect, the antimicrobial compositions disclosed 
herein can contain about 0.001, 0.0015, 0.002, 0.0025, 
0.003, 0.0035, 0.004, 0.0045, 0.005, 0.005, 0.0055, 0.006, 
0.0065, 0.007, 0.0075, 0.008, 0.0085, 0.009, 0.009, 0.0095, 
0.01, 0.0105, 0.011, 0.0115, 0.012, 0.0125, 0.013, 0.013, 
0.0135, 0.014, 0.0145, 0.015, 0.0155, 0.016, 0.0165, 0.017, 
0.017, 0.0175, 0.018, 0.0185, 0.019, 0.0195, 0.02, 0.0205, 
0.021, 0.021, 0.0215, 0.022, 0.0225, 0.023, 0.0235, 0.024, 
0.0245, 0.025, 0.025, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 
0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, or 1 parts by Weight 
of trichloromelamine, Where any of the stated values can 
form an upper or loWer endpoint When appropriate. 

[0080] Ammonium Salts 

[0081] As noted previously, in addition to the aliphatic 
heteroaryl salt and trichloromelamine, the disclosed antimi 
crobial compositions can comprise at least tWo ammonium 
salts comprising aliphatic benZylalkyl ammonium salt, 
dialiphatic dialkyl ammonium salt, or tetraalkyl ammonium 
salt. 

[0082] Aliphatic BenZylalkyl Ammonium Salt 

[0083] The aliphatic benZylalkyl ammonium salt compo 
nent of the disclosed antimicrobial compositions can be one 
or more aliphatic benZylalkyl ammonium salts. An aliphatic 
benZylalkyl ammonium salt is a compound that comprises 
an aliphatic moiety bonded to the nitrogen atom of a 
benZylalkyl amine moiety, and a counterion, as are de?ned 
herein. The aliphatic moiety and counterion can be as 
described above. The benZylalkyl amine moiety can be a 
benZyl amine Where the amine is bonded to an alkyl or cyclic 
alkyl group, as described above. One or more types of 
aliphatic benZylalkyl ammonium salts can be used in the 
antimicrobial compositions disclosed herein. The aliphatic 
benZylalkyl ammonium salts suitable for use herein can be 
prepared by methods knoWn in the art or can be obtained 
from commercial sources. 
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[0084] In one aspect, the aliphatic benZylalkyl ammonium 
salt can be represented by the following formula: 

I1 X' 
N+—R2 

R3 

[0085] Wherein R1 is an aliphatic group, as described 
above, R2 and R3 are, independent of one another, alkyl 
groups or cyclic alkyl groups as described herein, and X is 
a counterion as described herein. In some examples, one or 
more of the “R” substituents can be a long chain alkyl group 
(e.g., the number of carbon atoms is greater than 6). In other 
examples, one or more of the “R” substituents can be a short 
chain alkyl group (e.g., the number of carbon atoms is 6 or 
less). In still other examples, one of the “R” substituents is 
a long chain alkyl group and the other tWo “R” substituents 
are short chain alkyl groups. 

SPECIFIC EXAMPLES 

[0086] In one aspect, the aliphatic benZylalkyl ammonium 
salt can have any of the aliphatic moieties disclosed above 
bonded to any benZylalkyl amine moieties disclosed above. 
In some speci?c examples, R1 in the formula of aliphatic 
benZylalkyl ammonium salts can be an aliphatic group of 
from 10 to 40 carbon atoms, e.g., a decyl, dodecyl (lauryl), 
tetradecyl (myristyl), hexadecyl (palmityl or cetyl), octade 
cyl (stearyl), or eicosyl (arachidyl) group, and R2 and R3 can 
each be, independent of one another, a methyl, ethyl, propyl, 
butyl, pentyl, or hexyl group. 

[0087] In another aspect, the aliphatic benZylalkyl ammo 
nium salts can include, but are not limited to, alkyl dimethyl 
benZyl ammonium halides (e.g., alkyl dimethyl benZyl 
ammonium chloride, alkyl dimethyl benZyl ammonium bro 
mide, or mixtures thereof). Speci?c examples of alkyl 
dimethyl benZyl ammonium halides include, but are not 
limited to, cetyl dimethyl benZyl ammonium halide (e.g., 
cetyl dimethyl benZyl ammonium chloride, cetyl dimethyl 
benZyl ammonium chloride bromide, or mixtures thereof), 
lauryl dimethyl benZyl ammonium halide (e.g., lauryl dim 
ethyl benZyl ammonium chloride, lauryl dimethyl benZyl 
ammonium bromide, or mixtures thereof), myristyl dimethyl 
benZyl ammonium halide (e.g., myristyl dimethyl benZyl 
ammonium chloride, myristyl dimethyl benZyl ammonium 
bromide, or mixtures thereof), stearyl dimethyl benZyl 
ammonium halide (e.g., stearyl dimethyl benZyl ammonium 
chloride, stearyl dimethyl benZyl ammonium bromide, or 
mixtures thereof), and arachidyl dimethyl benZyl ammo 
nium halide (e.g., arachidyl dimethyl benZyl ammonium 
chloride, arachidyl dimethyl benZyl ammonium bromide, or 
mixtures thereof). 

[0088] In yet another aspect, the aliphatic benZylalkyl 
ammonium salts can include, but are not limited to, alkyl 
methylethyl benZyl ammonium halides. Speci?c examples 
of alkyl methylethyl benZyl ammonium halides include, but 
are not limited to, cetyl methylethyl benZyl ammonium 
halide (e.g., cetyl methylethyl benZyl ammonium chloride, 
cetyl methylethyl benZyl ammonium chloride bromide, or 
mixtures thereof), lauryl methylethyl benZyl ammonium 
halide (e.g., lauryl methylethyl benZyl ammonium chloride, 
lauryl methylethyl benZyl ammonium bromide, or mixtures 
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thereof), myristyl methylethyl benZyl ammonium halide 
(e.g., myristyl methylethyl benZyl ammonium chloride, 
myristyl methylethyl benZyl ammonium bromide, or mix 
tures thereof), stearyl methylethyl benZyl ammonium halide 
(e.g., stearyl methylethyl benZyl ammonium chloride, 
stearyl methylethyl benZyl ammonium bromide, or mixtures 
thereof), and arachidyl methylethyl benZyl ammonium 
halide (e.g., arachidyl methylethyl benZyl ammonium chlo 
ride, arachidyl methylethyl benZyl ammonium bromide, or 
mixtures thereof). 

[0089] Amounts 

[0090] The aliphatic benZylalkyl ammonium salts dis 
closed herein can be prepared by methods knoWn in the art 
or can be obtained from commercial sources. The aliphatic 
benZylalkyl ammonium salt can be present in the disclosed 
antimicrobial compositions in an amount of from less than 
about 1.0 Weight %, less than about 0.75 Weight %, less than 
about 0.5 Weight %, less than about 0.25 Weight %, less than 
about 0.10 Weight %, less than about 0.075 Weight %, less 
than about 0.05 Weight %, less than about 0.025 Weight %, 
less than about 0.01 Weight %, less than about 0.0075 Weight 
%, less than about 0.005 Weight %, less than about 0.0025 
Weight %, or less than about 0.001 Weight %, based on the 
total Weight of the antimicrobial composition. In another 
aspect, the aliphatic benZylalkyl ammonium salt can be 
present in the antimicrobial compositions disclosed herein in 
an amount of from greater than about 0.001 Weight %, 
greater than about 0.0025 Weight %, greater than about 
0.005 Weight %, greater than about 0.0075 Weight %, greater 
than about 0.01 Weight %, greater than about 0.025 Weight 
%, greater than about 0.05 Weight %, greater than about 
0.075 Weight %, greater than about 0.1 Weight %, greater 
than about 0.25 Weight %, greater than about 0.5 Weight %, 
greater than about 0.75 Weight %, or greater than about 1.0 
Weight %, based on the total Weight of the antimicrobial 
composition. In still another aspect, the aliphatic benZylalkyl 
ammonium salt can be present in the antimicrobial compo 
sitions disclosed herein in an amount of from about 0.001 to 
about 1.0 Weight %, from about 0.0025 to about 0.75 Weight 
%, from about 0.005 to about 0.5 Weight %, 0.005 to about 
0.1 Weight %, from about 0.0075 to about 0.25 Weight %, 
from about 0.01 to about 0.1 Weight %, from about 0.025 to 
about 0.075 Weight %, about 0.005 to about 0.1 Weight %, 
about 0.005 to about 0.02 Weight %, about 0.005 to about 
0.01 Weight %, or about 0.01 Weight %, based on the total 
Weight of the antimicrobial composition. Still further, the 
aliphatic benZylalkyl ammonium salt can be present in an 
amount of from about 0.001 to about 0.1 Weight %, from 
about 0.005 to about 0.075 Weight %, from about 0.0075 
about 0.05 Weight %, or from about 0.01 to about 0.02 
Weight %, based on the total Weight of the antimicrobial 
composition. In yet another aspect, the aliphatic benZylalkyl 
ammonium salt can be present in the antimicrobial compo 
sitions disclosed herein in an amount of about 0.001, 0.0015, 
0.002, 0.0025, 0.003, 0.0035, 0.004, 0.0045, 0.005, 0.005, 
0.0055, 0.006, 0.0065, 0.007, 0.0075, 0.008, 0.0085, 0.009, 
0.009, 0.0095, 0.01, 0.0105, 0.011, 0.0115, 0.012, 0.0125, 
0.013, 0.013, 0.0135, 0.014, 0.0145, 0.015, 0.0155, 0.016, 
0.0165, 0.017, 0.017, 0.0175, 0.018, 0.0185, 0.019, 0.0195, 
0.02, 0.0205, 0.021, 0.021, 0.0215, 0.022, 0.0225, 0.023, 
0.0235, 0.024, 0.0245, 0.025, 0.025, 0.03, 0.04, 0.05, 0.06, 
0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, or 
1 Weight %, based on the total Weight of the antimicrobial 
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composition and Where any of the stated values can form an 
upper or lower endpoint When appropriate. 

[0091] In another aspect, the disclosed antimicrobial com 
positions can contain less than about 1.0 parts by Weight, 
less than about 0.75 parts by Weight, less than about 0.5 parts 
by Weight, less than about 0.25 parts by Weight, less than 
about 0.10 parts by Weight, less than about 0.075 parts by 
Weight, less than about 0.05 parts by Weight, less than about 
0.025 parts by Weight, less than about 0.01 parts by Weight, 
less than about 0.0075 parts by Weight, less than about 0.005 
parts by Weight, less than about 0.0025 parts by Weight, or 
less than about 0.001 parts by Weight of the aliphatic 
benZylalkyl ammonium salt. In another aspect, the antimi 
crobial compositions disclosed herein can contain greater 
than about 0.001 parts by Weight, greater than about 0.0025 
parts by Weight, greater than about 0.005 parts by Weight, 
greater than about 0.0075 parts by Weight, greater than about 
0.01 parts by Weight, greater than about 0.025 parts by 
Weight, greater than about 0.05 parts by Weight, greater than 
about 0.075 parts by Weight, greater than about 0.1 parts by 
Weight, greater than about 0.25 parts by Weight, greater than 
about 0.5 parts by Weight, greater than about 0.75 parts by 
Weight, or greater than about 1.0 parts by Weight of the 
aliphatic benZylalkyl ammonium salt. In still another aspect, 
the antimicrobial compositions disclosed herein can contain 
from about 0.001 to about 1.0 parts by Weight, from about 
0.0025 to about 0.75 parts by Weight, from about 0.005 to 
about 0.5 parts by Weight, 0.005 to about 0.1 parts by Weight, 
from about 0.0075 to about 0.25 parts by Weight, from about 
0.01 to about 0.1 parts by Weight, from about 0.025 to about 
0.075 parts by Weight, about 0.005 to about 0.1 parts by 
Weight, about 0.005 to about 0.02 parts by Weight, about 
0.005 to about 0.01 parts by Weight, or about 0.01 parts by 
Weight of the aliphatic benZylalkyl ammonium salt. Still 
further, the aliphatic benZylalkyl ammonium salt can be 
present in an amount of from about 0.001 to about 0.1 parts 
by Weight, from about 0.005 to about 0.075 parts by Weight, 
from about 0.0075 about 0.05 parts by Weight, or from about 
0.01 to about 0.02 parts by Weight. In yet another aspect, the 
antimicrobial compositions disclosed herein can contain 
about 0.001, 0.0015, 0.002, 0.0025, 0.003, 0.0035, 0.004, 
0.0045, 0.005, 0.005, 0.0055, 0.006, 0.0065, 0.007, 0.0075, 
0.008, 0.0085, 0.009, 0.009, 0.0095, 0.01, 0.0105, 0.011, 
0.0115, 0.012, 0.0125, 0.013, 0.013, 0.0135, 0.014, 0.0145, 
0.015, 0.0155, 0.016, 0.0165, 0.017, 0.017, 0.0175, 0.018, 
0.0185, 0.019, 0.0195, 0.02, 0.0205, 0.021, 0.021, 0.0215, 
0.022, 0.0225, 0.023, 0.0235, 0.024, 0.0245, 0.025, 0.025, 
0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4, 0.5, 
0.6, 0.7, 0.8, 0.9, or 1 parts by Weight of the aliphatic 
benZylalkyl ammonium salt, Where any of the stated values 
can form an upper or loWer endpoint When appropriate. 

[0092] Dialiphatic Dialkyl Ammonium Salts 

[0093] The dialiphatic dialkyl ammonium salt component 
of the disclosed antimicrobial compositions can be one or 
more dialiphatic dialkyl ammonium salt. A dialiphatic 
dialkyl ammonium salt is a compound that comprises tWo 
aliphatic moieties and tWo alkyl moieties bonded to a 
nitrogen atom, and a counterion, as are de?ned herein. The 
aliphatic moieties can be the same or different and can be 
any aliphatic group as described above. The alkyl moieties 
can be the same or different can be any alkyl group as 
described above. The counterion can also be as described 
above. In the disclosed dialiphatic dialkyl ammoniums salts, 

Dec. 8, 2005 

the tWo aliphatic moieties can have more than 10 carbon 
atoms and the tWo alkyl moieties can have less than 10 
carbon atoms. In another alternative, the tWo aliphatic 
moieties can have less than 10 carbon atoms and the tWo 
alkyl moieties can have more than 10 carbon atoms. One or 
more types of dialiphatic dialkyl ammonium salts can be 
used in the antimicrobial compositions disclosed herein. 

[0094] In some particular examples, the dialiphatic dialkyl 
ammonium salt can be di-dodecyl dimethyl ammonium 
chloride or bromide, di-tetradecyl dimethyl ammonium 
chloride or bromide, diheXadecyl dimethyl ammonium chlo 
ride or bromide, and the like, including combinations 
thereof. 

[0095] Amounts 

[0096] The dialiphatic dialkyl ammonium salts disclosed 
herein can be prepared by methods knoWn in the art or can 
be obtained from commercial sources. The dialiphatic 
dialkyl ammonium salt can be present in the disclosed 
antimicrobial compositions in an amount of from less than 
about 1.0 Weight %, less than about 0.75 Weight %, less than 
about 0.5 Weight %, less than about 0.25 Weight %, less than 
about 0.10 Weight %, less than about 0.075 Weight %, less 
than about 0.05 Weight %, less than about 0.025 Weight %, 
less than about 0.01 Weight %, less than about 0.0075 Weight 
%, less than about 0.005 Weight %, less than about 0.0025 
Weight %, or less than about 0.001 Weight %, based on the 
total Weight of the antimicrobial composition. In another 
aspect, the dialiphatic dialkyl ammonium salt can be present 
in the antimicrobial compositions disclosed herein in an 
amount of from greater than about 0.001 Weight %, greater 
than about 0.0025 Weight %, greater than about 0.005 Weight 
%, greater than about 0.0075 Weight %, greater than about 
0.01 Weight %, greater than about 0.025 Weight %, greater 
than about 0.05 Weight %, greater than about 0.075 Weight 
%, greater than about 0.1 Weight %, greater than about 0.25 
Weight %, greater than about 0.5 Weight %, greater than 
about 0.75 Weight %, or greater than about 1.0 Weight %, 
based on the total Weight of the antimicrobial composition. 
In still another aspect, the dialiphatic dialkyl ammonium salt 
can be present in the antimicrobial compositions disclosed 
herein in an amount of from about 0.001 to about 1.0 Weight 
%, from about 0.0025 to about 0.75 Weight %, from about 
0.005 to about 0.5 Weight %, 0.005 to about 0.1 Weight %, 
from about 0.0075 to about 0.25 Weight %, from about 0.01 
to about 0.1 Weight %, from about 0.025 to about 0.075 
Weight %, about 0.005 to about 0.1 Weight %, about 0.005 
to about 0.02 Weight %, about 0.005 to about 0.01 Weight %, 
or about 0.01 Weight %, based on the total Weight of the 
antimicrobial composition. Still further, the dialiphatic 
dialkyl ammonium salt can be present in an amount of from 
about 0.001 to about 0.1 Weight %, from about 0.005 to 
about 0.075 Weight %, from about 0.0075 about 0.05 Weight 
%, or from about 0.01 to about 0.02 Weight %, based on the 
total Weight of the antimicrobial composition. In yet another 
aspect, the dialiphatic dialkyl ammonium salt can be present 
in the antimicrobial compositions disclosed herein in an 
amount of about 0.001, 0.0015, 0.002, 0.0025, 0.003, 
0.0035, 0.004, 0.0045, 0.005, 0.005, 0.0055, 0.006, 0.0065, 
0.007, 0.0075, 0.008, 0.0085, 0.009, 0.009, 0.0095, 0.01, 
0.0105, 0.011, 0.0115, 0.012, 0.0125, 0.013, 0.013, 0.0135, 
0.014, 0.0145, 0.015, 0.0155, 0.016, 0.0165, 0.017, 0.017, 
0.0175, 0.018, 0.0185, 0.019, 0.0195, 0.02, 0.0205, 0.021, 
0.021, 0.0215, 0.022, 0.0225, 0.023, 0.0235, 0.024, 0.0245, 
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0.025, 0.025, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 
0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, or 1 Weight %, based on the 
total Weight of the antimicrobial composition and Where any 
of the stated values can form an upper or lower endpoint 
When appropriate. 

[0097] In another aspect, the disclosed antimicrobial com 
positions can contain less than about 1.0 parts by Weight, 
less than about 0.75 parts by Weight, less than about 0.5 parts 
by Weight, less than about 0.25 parts by Weight, less than 
about 0.10 parts by Weight, less than about 0.075 parts by 
Weight, less than about 0.05 parts by Weight, less than about 
0.025 parts by Weight, less than about 0.01 parts by Weight, 
less than about 0.0075 parts by Weight, less than about 0.005 
parts by Weight, less than about 0.0025 parts by Weight, or 
less than about 0.001 parts by Weight of the dialiphatic 
dialkyl ammonium salt. In another aspect, the antimicrobial 
compositions disclosed herein can contain greater than about 
0.001 parts by Weight, greater than about 0.0025 parts by 
Weight, greater than about 0.005 parts by Weight, greater 
than about 0.0075 parts by Weight, greater than about 0.01 
parts by Weight, greater than about 0.025 parts by Weight, 
greater than about 0.05 parts by Weight, greater than about 
0.075 parts by Weight, greater than about 0.1 parts by 
Weight, greater than about 0.25 parts by Weight, greater than 
about 0.5 parts by Weight, greater than about 0.75 parts by 
Weight, or greater than about 1.0 parts by Weight of the 
dialiphatic dialkyl ammonium salt. In still another aspect, 
the antimicrobial compositions disclosed herein can contain 
from about 0.001 to about 1.0 parts by Weight, from about 
0.0025 to about 0.75 parts by Weight, from about 0.005 to 
about 0.5 parts by Weight, 0.005 to about 0.1 parts by Weight, 
from about 0.0075 to about 0.25 parts by Weight, from about 
0.01 to about 0.1 parts by Weight, from about 0.025 to about 
0.075 parts by Weight, about 0.005 to about 0.1 parts by 
Weight, about 0.005 to about 0.02 parts by Weight, about 
0.005 to about 0.01 parts by Weight, or about 0.01 parts by 
Weight of the dialiphatic dialkyl ammonium salt. Still fur 
ther, the dialiphatic dialkyl ammonium salt can be present in 
an amount of from about 0.001 to about 0.1 parts by Weight, 
from about 0.005 to about 0.075 parts by Weight, from about 
0.0075 about 0.05 parts by Weight, or from about 0.01 to 
about 0.02 parts by Weight. In yet another aspect, the 
antimicrobial compositions disclosed herein can contain 
about 0.001, 0.0015, 0.002, 0.0025, 0.003, 0.0035, 0.004, 
0.0045, 0.005, 0.005, 0.0055, 0.006, 0.0065, 0.007, 0.0075, 
0.008, 0.0085, 0.009, 0.009, 0.0095, 0.01, 0.0105, 0.011, 
0.0115, 0.012, 0.0125, 0.013, 0.013, 0.0135, 0.014, 0.0145, 
0.015, 0.0155, 0.016, 0.0165, 0.017, 0.017, 0.0175, 0.018, 
0.0185, 0.019, 0.0195, 0.02, 0.0205, 0.021, 0.021, 0.0215, 
0.022, 0.0225, 0.023, 0.0235, 0.024, 0.0245, 0.025, 0.025, 
0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4, 0.5, 
0.6, 0.7, 0.8, 0.9, or 1 parts by Weight of the dialiphatic 
dialkyl ammonium salt, Where any of the stated values can 
form an upper or loWer endpoint When appropriate. 

[0098] Tetraalkyl Ammonium Salts 

[0099] The tetraalkyl ammonium salt component of the 
disclosed antimicrobial compositions can be one or more 
tetraalkyl ammonium salts. Suitable tetraalkyl ammonium 
salts comprise four alkyl moieties, as disclosed herein, and 
a counterion, also disclosed herein. In one eXample, a 
tetraalkyl ammonium salt can comprise one long chain alkyl 
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moiety (e.g., greater than 10 carbon atoms in length) and 
three short chain alkyl moieties (e.g., 10 carbon atoms or 
less in length). 

[0100] Some speci?c examples of tetraalkyl ammonium 
salts that can be included in the disclosed antimicrobial 
compositions include, but are not limited to, cetyl trimethyl 
ammonium halide (e.g., chloride or bromide), lauryl trim 
ethyl ammonium halide (e.g., chloride or bromide), myristyl 
trimethyl ammonium halide (e.g., chloride or bromide), 
stearyl trimethyl ammonium halide (e.g., chloride or bro 
mide), arachidyl trimethyl ammonium halide (e.g., chloride 
or bromide), or miXtures thereof. Other eXamples include, 
but are not limited to, cetyl dimethylethyl ammonium bro 
mide, lauryl dimethylethyl ammonium chloride, lauryl dim 
ethylethyl ammonium bromide, myristyl dimethylethyl 
ammonium chloride, myristyl dimethylethyl ammonium 
bromide, stearyl dimethylethyl ammonium chloride, stearyl 
dimethylethyl ammonium bromide, arachidyl dimethylethyl 
ammonium chloride, arachidyl dimethylethyl ammonium 
bromide, or miXtures thereof. 

[0101] Amounts 

[0102] The tetraalkyl ammonium salts disclosed herein 
can be prepared by methods knoWn in the art or can be 
obtained from commercial sources. The tetraalkyl ammo 
nium salt can be present in the disclosed antimicrobial 
compositions in an amount of from less than about 1.0 
Weight %, less than about 0.75 Weight %, less than about 0.5 
Weight %, less than about 0.25 Weight %, less than about 
0.10 Weight %, less than about 0.075 Weight %, less than 
about 0.05 Weight %, less than about 0.025 Weight %, less 
than about 0.01 Weight %, less than about 0.0075 Weight %, 
less than about 0.005 Weight %, less than about 0.0025 
Weight %, or less than about 0.001 Weight %, based on the 
total Weight of the antimicrobial composition. In another 
aspect, the tetraalkyl ammonium salt can be present in the 
antimicrobial compositions disclosed herein in an amount of 
from greater than about 0.001 Weight %, greater than about 
0.0025 Weight %, greater than about 0.005 Weight %, greater 
than about 0.0075 Weight %, greater than about 0.01 Weight 
%, greater than about 0.025 Weight %, greater than about 
0.05 Weight %, greater than about 0.075 Weight %, greater 
than about 0.1 Weight %, greater than about 0.25 Weight %, 
greater than about 0.5 Weight %, greater than about 0.75 
Weight %, or greater than about 1.0 Weight %, based on the 
total Weight of the antimicrobial composition. In still 
another aspect, the tetraalkyl ammonium salt can be present 
in the antimicrobial compositions disclosed herein in an 
amount of from about 0.001 to about 1.0 Weight %, from 
about 0.0025 to about 0.75 Weight %, from about 0.005 to 
about 0.5 Weight %, 0.005 to about 0.1 Weight %, from about 
0.0075 to about 0.25 Weight %, from about 0.01 to about 0.1 
Weight %, from about 0.025 to about 0.075 Weight %, about 
0.005 to about 0.1 Weight %, about 0.005 to about 0.02 
Weight %, about 0.005 to about 0.01 Weight %, or about 0.01 
Weight %, based on the total Weight of the antimicrobial 
composition. Still further, the tetraalkyl ammonium salt can 
be present in an amount of from about 0.001 to about 0.1 
Weight %, from about 0.005 to about 0.075 Weight %, from 
about 0.0075 about 0.05 Weight %, or from about 0.01 to 
about 0.02 Weight %, based on the total Weight of the 
antimicrobial composition. In yet another aspect, the tet 
raalkyl ammonium salt can be present in the antimicrobial 
compositions disclosed herein in an amount of about 0.001, 






























