ANTI M CROBI AL COVPQCSI TI ONS CROSS REFERENCE TO RELATED APPLI CATI ONS

[ 0001] The present application clainms the benefit of USSN 61/347,439, filed
May 23, 2W0Qommndesdser eby i ncorporated by reference in it®@censeei@oyzcod-l ELD

[ 0002] The di scl osed subject matter relates to conpositions having
antimcrobial activity, and nethods of reducing the antimcrobial activity
of a solid, liquid or surrounding air space that enploy such conpositions.
BACKGROUND [0003] Mustard essential oil (MEO has been described as a

def ense nechani sm agai nst herbivores in plants of the Crucifereae famly.
VWil e the antim crobial actiANTMIIROBEARIDNMPOSPIIONY Y conponent al |yl

i sot hi ocyanate (AIT), individually, has been reported in various studies,
there remains a need for antimcrobial conpositions with increased
efficacy, and that reduce the amount of MEO required to achieve sufficient
antimcrobial activity. There also remains a need for antim crobial

conposi tions that are GRO$YREFERENCE FOREDATED ARPEIGA HIONS posi tive

bacteria in the vapor phase. SUMVARY [Q004]]lt has b fo t hat _t he
conbi nati on [8P0Hn al | pﬁmreseat %@f@ngﬁlm|thfyﬁ_36qe§ib?ﬁ§§%l§éﬁgﬁ_&ﬁ?ﬁ@egcti ve
corponent OfMHg?ﬁ,aio‘i‘R%ﬁéﬁ&febﬁ‘ﬁnc%ﬂorat&{ gy}é#&%néeﬂﬁﬁ@%ﬁ%gﬁ”“ m crobi al
activity again bot h gram negative and gram positive bacteri a.

Accordi ngly, one aspect of the presently disclosed subject matter provides
an antimcrobial conposition that incltiflEdat | east one aliphatic al dehyde

conmponent a |yl 1sqthj.ocyanat.e. 100051ln one enmbadi nent. aliphatic
al (rtlrghyde coﬁ'ﬂg n%/ ilss]g’e(%g’@ﬁgé}ﬂa‘éﬁ%agferﬁlﬁgs EFOmpPISt If)gseﬁ?] , Iolro a IC?- Cl1
al dehyde, or@infiSobhBadhvitd NMfiBnetRbdPofed@cing il dRniclAA AT $15261i8/ 037600

Cl12 al dehyde. These al dehyde conponents can be unsaturated (e.g., a, O
unsat ur at ed liuikbrysteioundisg eir sparsshatempdeysieh composiaenss can be
straight-chained (i.e., unbranched). The allyl isothiocyanate can be

obt ai ned from nustard essential oi lBAbk(ﬁ?@Uﬂ‘f) obt ai ned from other sources,
or added as a pure, or relatively pure comnponent to the antim crobi al
conposi ti on.j0p@306] | n Mostaghdssshtiabsit (MEDS hasbdenidescibedbs ¢ defposi ti on

i ncludes fromabout 5 wt% to about 40 wt% or from abqut w % to about 12
Wt % of an URSHMERISE:against heabivares i plagls ofthe @Wﬁé@ﬂfﬁ? gi n‘g}iﬂ%?hebranched

al phati o 2l dahidsyidl RO PRIt @R BRaf cddfonBh B Mlsbiidlhafhopersubi ect

matter provides a net reduci n acterial activity'o
envi ronment intividualie) had beeragepbyédig varigusstedi¢s themprem)ainsfa nded fant i mi cr obi al

conposi tion of, the esent .appli.cation. .In_one e i nent .the antim crobi al
conposi tion mgﬁl’ﬁ‘gﬁom?f’sﬁfg‘s Pcrﬁfﬁfgé??‘@.c&.afl { rr%’ﬁﬁg’sel Ein?od#[ Péﬂ al | owned
to evapor at eyl R fird foekRielhd flifceRNMHinatobRAGAIVity[ GRR]AROEhaInsasRest oOf
the presently disclosed subject natter provides a nethod of preserving a

product agaifosantépierdbéa) somipasitipnrcthaiches acipislaghingt app-rsgetiveomdgsia) of t he
anti m crobi al (;[ongjosti t.ion,of the,present application. Another aspect of the
presently diROSTEEECIETH{UE VAR PEA% ovi des a method of preventing nal odor
in a confined air space that includes introducing any one of the

antim crobial conmpositions disclosedsShBvMRIARYO the confined air space.

[ 0009] Anot her aspect of the presently disclosed subject matter provides an

air sanitizer conprising any one of the antimcrobial, co i.tions
di scl osed heP80. " For Iéﬁ%e&fo%h%titlge E%é@?%o%l@ga&‘r};ﬁe}’fm? ﬁ’il‘z:apabl e
of being mai amygiseﬁf#odfyana&,%@aarmbg?g%e&tgfam_&fatd &eriialtbil, TR6viakd ins@Rdeki Zer

can be in the“formof a polyneric an oil or a gel. “Yet another aspect
of the presemtinjicbmt habey againptdwth gmint-segapgvoudigemppusktagibagtefiar f oodst uf f

t hat i ncludes any. ane of th timcrobial, co sitions discl osed herein.
BRI EF DESCRI MAIRnel: S BRART r‘[’stiﬁ'ibf’lﬁ?l&&"r‘g?“%e é‘bﬂ?@?fé’fﬂlﬁ?snﬁﬂn | nhi bi t ory
Concentr at i ofpginfiMoBial 8dmpdsititir Rat iNfBdss/at RaébonkZliphatic aldehyde component and

allyl isothiocyanate.

[0005] In one embodiment, aliphatic aldehyde component is a C¢-Ci3
aldehyde, or a C7-Cy; aldehyde, or a C7-Cy; aldehyde, or a Co-C)3 aldehyde, or a Cyo-
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WO 2011/ 149851PCT/ US2011/ 037600 octenal and trans-2-octenal and nustard
essential oil against gramnegative and gram positive bacteria.

100111Fi gmoeo/degsiict s M ni mum | nhi bitory Concentrati on®CTMS@)11/08160€C6- C11
trans- 2-al kenal s al one and in conbination with nustard essential oi

agai nst gram negative and grampositive bacteria. DETAI LED DESCRI PTI ON

Al dehyde Conponent 10012] The presently discl osed subject matter provides
anti.m crobi al conpositions that include at |east one al dehyde conponent. In
one enbodi nent, the al dehyde conponent is an aliphatic al dehyde. [0013]In

one enbodi ngnt gldbkglcalinedydeHsaepanpstenistan be ahidplratet ¢e. 66 o J1 Snsaalrsiedy de,
i ncl udi ng unsaturated aliphatic C6-Cl3 al dehydes havi.n , 3, 4 or nore

gl .2

doubl e bondgldebyde) and/ar ticspaidelivde companents capdeshaightiphaingg (Bf-dehyde). In one
enbodi nent | deh ] ' ' [ - K

i ncl udi ng uﬁég{eaﬁg%ﬁ% 'di(%fe?lbﬁg%% %@8@%@5%21’0%%@%2@5%3}% Hggl%%g&%gy Glg 1tor nor e
doubl e bondsaf Be gbtain@d fidki (that so0rdes,-Chaddal askpurasa trelntitebyipak detmpdadnt | n one
enbodi ment, the al dehyde, conponent is an aliphatic C9-Cl3 al dehyde,

i ncl udi ng ur@ dheqndimaerobin] ¢aaRQsEioBy. c13 al dehydes having 1, 2, 3, 4 or nore
doubl e bonds (e.g., an aliphatic C9-Cl13 a, O unsaturated al dehyde). In one
embodi ment, Aéﬁtﬁs&a' dehyfle,coABONERRt, it AfindtlopARtdfpdshidalacialisiaRm bout

i ncl udi ng unsatuarated aliphatic C7-Cl1 al dehydes having 1, 2, 3, 4 or nore
doubl e bonds W& tp aboahd@ivitPhat from@Po@BIWEH to Sbauh $AMtToapean EsgarafRib. | n one

enbodi ment, the aldehyde conppnent i.s an alj.phati -Cl2 al dehyde,

i ncl udi ng uﬁ@%%?%eﬁmhﬁ?ﬁaﬁ%ﬁ?ﬁ%m W—Whgﬁagﬁvgiggf%g%%hg 1, 2, 3, 4 or nore
doubl e bonds (e.g., an aliphatic Cl0-Cl2 a, 13 unsaturated al dehyde).

[0014] I'n ongoowqodi e nothdr @splctlehwe prosampatisisset sulsitctanagtet prividesed, and
not branche (@;3;?' a straight-chai ned upnsat ur at ed C6-Cl?i | dehyde, a

st rai ght - chanether] eireducingihe pactyrid petinityelnavirgnentihgipcledesiapplyng any

unsat ur at ed P . L1 -chal - '
al dehyde, a°s§r(‘éqi]‘é%%5 R O R S L S A dehyde,
a strai ght - chaiodiaent isantindtretiaCtoropdSitibnab dppiieda) the @PasSphase ng.atheer nat i ve
enbodi nent, the al dehyde cqnponent is.a brapched unsaturated aliphatic

al dehyde (e.cgmpogitigp éﬁﬂgh@@dﬁﬁg‘éﬁpﬁaﬁgﬁg@@‘@g@vﬁﬁyﬁgﬂ ' SPAYr anched
unsaturated C7-Cl2 al dehyde, a branched unsaturated C7-Cl1l al dehyde, a

branched ungggegjat ed Biddle? gpdebyde réeﬁrfamgdl@ﬁd@ﬁﬁja&tuﬁaﬁegr@i&s@1_2
al dehyde, or a branched unsaturated 810-0 2 al dehglde). I n one enbodi nent

the al kyl chadthodsf priserting aphethichagaptshsiotlags thehipgbdpsapplitag pRXEAORi t h one

or nore of nethyl,.,.ethyl.and/,or propyl ups.. An I

unsat ur at ed ra?rle%?l%ql? En%rflﬁgﬂ%}%}ec 05%8 FllE%%%B?{gl%fpgefserﬁtsa@ pﬁéﬁ{&ﬁé E‘a%:ngtrpﬁg é@t%?{c}ﬁg of

t he present {RPpckllyl dME1dsBE butsest ndatter pioRich) Indthdiegfipee@nting Bakflbt ma stil |
alternative enbodi nent, the al dehyde conponent can be, a satuyrated al dehyde,

such as an epfiagtaieepacethyt inchdeniniioducing amaene fdbamiinicEydia) camppaiionse. g. |
2- et hyl undcﬁsccg&%}m%glttgr g(glfﬁgag&g %dehyde. Conbi nati ons of saturated
e enpl oyecsﬁe% e g., a B

al dehydes can i nation of octanal, nonanal and
decanal al dehdyes), or they can be used alone with, or w thout unsaturated

al dehydes (Vja0@s] t henssloties aspact bitho pedentlyodieslosed sibjectonddien aravades anlair one
enbodi nment, the al dehyde corrponeﬂgﬁ is.sel ectled frogm onﬁ. olqu %e .Of F
hexanal , heERWZFT cogyrisig any waf Shthe anHRICIRYIE! COMRPSHORS AISCIgSHRREIfE FOhng
tridecanal . LOOLE] 1 ANGnRIFBODN TR a f6ME A HRDIBRING GHAAARRY ih Sloge CB

al dehyde (e.g., trans-2-octenal, 2, 4 octadienal). In an alternative
enbodi nment , prvematyde byoidet ciompBhesir singtizer Girpbeini thé Erncolal ppdymperéc eadgan

trans- 2-dodecenal , ,2,, 4 dodecadi en 2- t hyl, _undecanal 00 I n one
enbodi ment, %ﬁ%&%l', Ygkan ,aSI??Sﬁ%ﬁh? ?feéﬁfgguﬁ%%%%a R et @}et&e(r: T % as
al dehyde corpepgitstor fMMAshPAhatliAAB8dNRT 1830 hl HEAHEOLR DR dsiticns e

enbodi ment, "t he al dehyde conponent is selected from trans-2-hexenal:
t r ans- 2- heptdispdgsed hemghs- 2- oct enal : trans- 2-nonenal : trans-2-decenal :
NY02: 713676. 15

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 depicts Minimum Inhibitory Concentrations (MIC) of trans-2-
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trans- 2-undecenal : trans-2-dodecenal: 2, 4 hexadienal: 2, 4 heptadienal:
2, 4 octadienal: 2,4 nonadienal: 2, 4 decadienal: \ 2, 4 undecadi enal:
2, 4 dodewednamabsst WO 2011/ 149851PCT/ US2011/ 037600 [ OOP2Qrsé1e/0816e0
above-descri bed al dehyde conponents can be used in conmbination with allyl

i sot hi ocyanate, in certain enbodi ments, the antimcrobial conposition does
not contain ally! isothiocyanate. For exanple, one enbodi nent of the
presently disclosed subject matter provides a conposition that includes
fromabout 5 wt%to about 40% w % or from about 8 wt% to about 12 wt % of
one or nore atieevude tapPol i E £ t wt % to
about 40 wt% or from abou?ﬁgalv%tn Oq/o%?%gdégg%?%l%El%&sﬁs&rﬁnr}slg%@ri‘ge?% grzlirin
sat ur at ed CGP@IQV%bﬂcéﬁﬂght chai ned or branched aliphatic al dehyde). AI | y!

| sot hi ocvanate [0021]In addition to an al dehyde conponent, the presently

di scl osed antjgiyfr obi a i can Iud hi,ocyanat e.
Al Iyl isothi cd}zlli ate cg}%ﬁg‘%})gﬁléﬁs %glm%llﬁgﬁlg%I é’nc?r&&?ﬁf’ﬂ%@f[@cfg’éé@ hit i al

oi |, which i trats2-alkendls blen€ advey @infihdtioB kit Mastard\RédnBaRiPaM st Wakid- vary
dependl ng on the source, nustard essential oil typically contains greater

t han about 9BC&RYE & %‘PF’yPOSFtéV&tWFT&E?anat e. Alternatively, allyl

i sot hi ocyanate can be added in pure, or relatively pure formto the
conposition. [0022]Allyl isothi EE BESCRISA obt ai ned, for exanple,
from brussels sprouts (about O. bout 3 rrg/ kg),

caul i fl ower (about 0.08ny/kg), horser ad| sh (about 1350 ng/kg) and nustard
(about 400- ]AEMQQMEEDB] Al lyl isothiocyanate can be obtained, for
exanpl e, by pressing the seeds of brown nmustard (Brassica juncea) to renove
non-vol atile £ ee can. .be cer d with warm
dei oni zed Waogrﬁ and ae}'ﬁ%‘éﬂag&‘ay%{s& Oéeésllﬁ’éecﬁﬁ@g?raqrg‘”éﬁ% lfﬁogffﬁ lled (e.g.,
via steam dismipdsitionothat inolude @t kast o6 Rlehyd dohffohem INbhdertBR A en e %0

allyl isothi anat e.
y 338311 ¢ component is an aliphatic aldehyde.

[0013] In one embodiment, the aldehyde component is an aliphatic Cs-C3
aldehyde, including unsaturated aliphatic Cs-Ci3 aldehydes having 1, 2, 3, 4 or more
double bonds (e.g., an aliphatic C¢-C)3 0, B unsaturated aldehyde). In one
embodiment, the aldehyde component is an aliphatic C7-Cy aldehyde, including
unsaturated aliphatic C;-Cy; aldehydes having 1, 2, 3, 4 or more double bonds (c.g.,
an aliphatic C;-C)2 0, B unsaturated aldehyde). In one embodiment, the aldehyde
component is an aliphatic Co-C;3 aldehyde, including unsaturated aliphatic Co-Cy3
aldehydes having 1,2, 3, 4 or more double bonds (e.g., an aliphatic Co-Cy3 a, p
unsaturated aldehyde). In one embodiment, the aldehyde component is an aliphatic
C7-Cy; aldehyde, including unsaturated aliphatic C7-Cy; aldehydes having 1, 2, 3, 4 or
more double bonds (e.g., an aliphatic C+-Cy; o, p unsaturated aldehyde). In one
embodiment, the aldehyde component is an aliphatic C;o-C1, aldehyde, including
unsaturated aliphatic Ci4-Cy; aldehydes having 1, 2, 3, 4 or more double bonds (e.g.,
an aliphatic C,o-Cjz 0, § unsaturated aldehyde).

[0014] In one embodiment, the aldehyde component is straight-chained, and
not branched (e.g., a straight-chained unsaturated C¢-C1;3 aldehyde, a straight-chained
unsaturated C;-Cy; aldehyde, a straight-chained unsaturated C5-Cy; aldehyde, a

straight-chained unsaturated Co-C)3 aldehyde, a straight-chained unsaturated Ci1-Cin

NY02:713676.1 3



Anti m crobial Conpositions [0024] O her conponents suitable for use in an
antim crobial conposition, and known to those of ordinary skill in the art,
can be addeaotioi4pbsse anti m crobi al conpositions of the presarstolappiodecati on
The antim crobial conpositions of the NY-02:713676.18 present application
are particularly active in the vapor phase. Thus, other antim crobi al
conponents that are antimcrobially active in solution (i.e., the liquid
phase), can be added to presently disclosed conmpositions to supplenment the
overall activity of the presently disclosed conpositions. Furthernore, it
has been T ouRfhidiak sai B@cﬁéﬂ?eﬂ%h&ﬁhﬁ%dﬁtﬂﬁﬂ?’ﬁiﬁéhyd@ﬁ”l cularly C9-13 a,
f-3-unsaturated al dehydes, are active in solution and thus can be included
to provide antimcrobial activity in solution (as well as the_ vapor, phase).

[ 0025] The arf®@¥]cr obi dn ae aligroative erhodinentyibe gldshdercommenentds # Branghsd

contain, for_exampl.e,. fragn 0 I o beff r,eservatives
and ot her adlﬂﬁaﬁl%g akﬁ%ﬁ?%%%gﬁ%geéggggﬁggﬁ%& ;S/leslﬁ%lE IC(i ﬁ”’taﬁ%&g?étg 'a The

al dehyde compgreat uaatiratd ¥i-0,satétiydeyahahche( fmsaterardil,eCalaldehyde, a

i sot hi ocyanate obtained fromnustard essential oil) ¢ %g qiluted to use
concent r at | Gnanchgd wnsaRraphetni ddehysds a,‘@rﬁpqhegiuﬁgaéurgreﬁfﬁﬂo*, APt e i s

deconposed - aguegu n ; rance

Gecommosed Bk s B:REECH AR S Rl EnRUERERNAEpls Gun $ra

processed t Grachédlaliphgtic hidalydeds ndstiexeiesih ves oenperdmatied, ¢thylgnd/oabove

e added t o PYGERNEE BRICSamPIeRs Grargh otk s LS RS PPRCARfef  on ¢ o
e added to ; ; : ion to

liquids, th o1 I TROSL P BSpIRAti ST RCRUE SN HiARRY L CBEfteipl can be

i ncor porate Saﬁpﬁgk&égﬁ?%géqguch a%hpﬁg%ti%s, gaper ana soap/déiergent

solid blocks (e.g., but not limted to, polyner beads, such as EVA beads,
or gels, oil[801&@tc.) deestiHiakgnaive anbndineestemiishydoconmesenigRndedi nary

)
skill in the art,. 27] Use, ampunt,s of e a 1yl
isothiocyané?@mﬁﬁhhgaﬂg"%%ﬂﬁ%ﬁ%ﬁ@gm%?ﬂéﬁ%gcgﬁggéﬁﬁp%%ﬁggﬁgﬁﬁ)%@ternined by
persons of arsliched ¥e.&Ki-lethyd uhi@asdly satAsted d-Ci; aldehydy. Samiihationsbfie t ot al
anount of the al dehyde conponent(s) in the antinicgﬁbial conposi tion can

range from abeiatedalipludescaminrmmoyss @me-Greombination of ocngl; vgregalapd e 40

w% or fro 0 9 out 50
W0 based QECRALAERIM b BeFBatte fRaMd A b e 48281 s
non- | i m ti ngwhichripeslves heayttetwakd alonendr intormbiaagd)y In bso¢thbabmentathe i n t he
antim crobi al  conposition can range fron1about_88000 W % t .0 %bo t 40 wt %
or from aboddehyde Gampangntis selectsd fipm, ongoramesEoLlisiinah hstalple a8l out 0. 5
w % based ' I+ ial conposition.
[0029]Basedq%ﬁ&%ﬁékg%?%éggeagtL%@%%?ﬁ?%gbfﬂg&ﬁﬁgehyde conponent with allyl

i sot hi ocyanate, the antim crobial conpositions can contain |ess allyl

i sot hi ocyand0@l7and wHewenebmhpdigwnd, thenaldehyde comppnent jsexGs dideltydedesé i) t han

antimcrobial c siti,ons of.t rion, art. th : i

i sot hi ocyanglfa(??'%g%?enﬁh 2n6f’“88ﬁf‘§$£“a?? afe eﬁ%lyég%ﬁ:jggrlp%%%gﬁ% ﬁ?%ﬁ%%] I'n

enbodi nent s Johipehertiea &l ) aliphaGeileaay a8t eans2 dotiaiensid? f4 dudcoatismal, Q-
essential oil, the weight ratio of the total anount of al dehyde conponent

to nustard esgbyltundecagpl). can range, for exanple, fromabout 0.1:1 to about
500:1, or fromabout 0.1:1 to about 100:1 (e.g., 50:1), or fromabout 0.5:1
to about 5 j[Héﬂ?]g' . ahguh %m%ogi%ené:h%%enaﬁ)vb%aﬂ Abd051 GADuREcHSEdredependi ng
on, anong ot'her "t hi ngs, theTend USE of tHe antim crobi al conposi tion and

t he ot her caxphhidedasaldéhydbeompommmsd.ti on. [ 0031] The anti m crobi al
conpositions of the present application have been found to exhibit
antimcrobial activity in the vapor phase agai nst both gram positive
bacteria (e.g., Staphyl ococcus aureus, Enterococcus faecalis, Enterococcus
hirae) and gram negative bacteria (e.g., Escherichia coli, Salnonella
enterica, Pseudonobnas aerugi nosa). Applications [0032] The presently

di scl osed anti-m crobial conpositions can be enployed in any application in
which it is desired to reduce bacterial activity, such as, for exanple, as
bat hroom and ki tchen cl eani ng and deodori zi ng products (e.g., as a

di shwasher deodorizer for use in a dishwasher to reduce mal odor). The
presently discl osed conpositions can be enployed, for exanple, as a
preservative for foodstuff, for malodor control (e.g., as an air sanitizer
for a confned space), and as an antim crobi al agent. Because of the high
vapor phasebﬂggﬁ%%gy of the presently discloged conpositions, they are
particularly suitable in enclosed spaces, such as bat hr oom appl i cati ons
(e.g., around the toilet), in |locker roonms, closets and other confined
spaces in which vapors emanating fromthe conposition can be retained for a
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[ 0035] Based on the surprising benefits obtained from conbi ni ng an al dehyde
conponent with allyl isothioeyanate, one benefit of the presently discl osed
conposi t iweL0is4pssat t he anount of nustard essential oi IPCTA$R6INB8760©
provi de active levels of allyl isothiocyanate can be reduced. Accordingly,
one enbodi nent of the present application provides a nmethod of increasing
the antimcrobial activity of a conposition containing allyl isothiocyanate
(e.g., a conposition containing nustard essential oil) that includes adding
at | east one, or a conbination of al dehyde conponents to the conposition,

i n which thepabgehyde Lt engaissdimeiithe Atdetigde @myponeet ivkeledial pomsent |y

descri bed al dehyde conponents. EXAMPLES [0036] The present invention is
further describeg$by ans of the exanples, presented below The use of
such exanpl 83n§-%- ¥@@E?rative only and in no way linmts the scope and
meani ng of the invention or of any exenplified term Likew se, the
invention is not limted to any particular preferred enbodi nents descri bed
herei n. I ndeed, many nodifications and variations of the invention will be

appar ent to(L$§;§é§g%%;§g/Lg\iﬁﬁ{art upon reading this specification. The
invention is fo 0 b pfited only by the terns of the appended
clains along with the full scope of equivalents to which the clains are
entitled. Exanple 1 [0037] Seeded brain heart infusion (BH) agar plates of
Escherichia colt ATCC 10536, Sal nonella enterica ATCC 13311, Pseudonobnas
aer ugi nosa hpGEZ-bspenal: St aphyl ococcus aureus ATCC 6538, Enterococcus
faecal is ATCC 29212, and Enterococcus hirae ATCC 10541 were placed in
sealed 7L acrylic boxes and exposed to vapors of trans-2-al kenals (C6 to
Cl1l carbon chain length) and nustard essential oil (MEO binary

conbi nati ons. [0038] The trans-2-al kenals and MEO were wei ghed neat into a
gl ass jar whi was Siti din e box between the seeded agar pl ates.
The concentrati of t Si ng ter~al s and binary conbi nati ons introduce
in the 7L box were expressed as weight per unit volunme of the box (ng/L).
Several concentrations ranging fromO0.5 ng/L to 43 ng/L of the single

mat eri als and conbi nations were tested for each organism The vapor phase
nininun1inhpﬁ?%'ﬁﬁwB%hcentration (MC with "no growth" after 3 days of

i ncubation at roomtenperature. Fractional Inhibition Concentrations (FIC)
was determned to evaluate the antibacterial effect of trans-2- al kenals

and MEO conDppati int vapo hase _based on the foll ow ng fornmula:
Conbi ned FI CMMi naton/ M C of
trans- 2-al kenal ai on0 (M C of ME Ccom bi natodM C O MeOal one) 100391M C s
of the trans-2-al kenal conbi nati on was determ ned by starting wth one-half
or one-quarter of the MC of the trans-2-al kenal al one and one-half or
one-quarter of the MC of the MEOaione for the particular bacteria tested,
and st eppi ngrangdwon¢tta concentrati on of the al dehyde until the m ni num
concentration is achieved such that the agar plate showed no bacteri al
grom h (as observed by the naked eye). M C s of the MECconbi nati on was
determ ned by starting with one-half or one-quarter of the MC of the
trans- 2- al Keral ai n -ha r ope~quarter of the MC of the

VEOai one, and eppi ng”down ttfe concentration of the MEO until the m ninmum
concentration is reached such that the agar plate showed no bacteri al
grow h (as observed by the naked eye). [00401Conbi ned FTC val ues for
trans- 2-al kenal s and MEO conbi nati ons are shown below in Table 1

Combi nati ons w E@congined FI C equal or less than 0.5 are considered to
have a stroﬁ@n§é' tAPstic effect. Conbinations with conbined FIC equal to
or less than 1, but greater than 0.5 are considered to exhibit synergistic
properties. trans-2- hexenal + MEO trans-2- heptenal + MEO trans-2-
octenal + MEO trans-2- nonenal + MEO trans-2- decenal + MEO trans-2-
undecenal + P. g« CC 22

NY02:713676.1 5



ATCC 13311 1.0 1.0 0.5 0.5 0.5 0.5 E.c.
E.f ATCC 29212 1.1 1.3 0.4
2011/149851 PCT/US2011/037600

trans-2-undecenal:

N P U N

{rans-2-dodecenal:

O\/\/\/\/\/\/

2, 4 hexadienal:

N

2, 4 heptadienal:

e YV NN

2, 4 octadienal:

NY02:713676.1 6
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0.8 0.8 0.8 WD 2011/149851PCT/ US2011/ 037600 E. h. ATCC 10541 0.8 0.8 0.5
0.8 0.8 0.8 S.a. ATCC 6538 0.8 1.0 1.0 0.8 0.9 0.8 Table 1: Conbined FIC
val ues fowotznang9gsial kenal s and MEO conbi nations (vapor ppinase)11/@G4d1M C
val ues used to obtain the FIC values in Table 1 is shown in Tables 2-5,
below. MC trans- 2-al kenal

O\/\/\/\/
2,4 nonadienal:

NP P N

2, 4 decadienal:

e YV e P

2, 4 undecadienal:

I PO VN

2, 4 dodecadienal

e o YU e e

NY02:713676.1 7



alone (nmg/L) MC trans- 2-al kenal in conbination with MEO (ng/L) M C MEO
alone (ng/L) MC MEO in conbination (ng/1l-) Conbined FIC trans-2- hexenal +
MEO 12. 8 MO@0Mm2148856. 4 0.8 trans-2- heptenal + MEO 12. 8 6PCTAR2@183600. 8
trans-2- octenal + MEO 25.6

[0020] While the above-described aldehyde components can be used in
combination with allyl isothiocyanate, in certain embodiments, the antimicrobial
composition does not contain allyl isothiocyanate. For example, one embodiment of
the presently disclosed subject matter provides a composition that includes from about
5 wt% to about 40% wt%, or from about 8 wi% to about 12 wt%, of one or more
aldehyde components described herein (e.g., from about 5 wt% to about 40 wt%, or
from about 8 wt% to about 12 wt%, of unsaturated or saturated C¢-Cys straight-
chained or branched aliphatié aldehyde).

Allyl Isothiocyanate

[0021] In addition to an aldehyde component, the presently disclosed
antimicrobial compositions can also include allyl isothiocyanate. Allyl isothiocyanate
can be obtained, for example, from mustard essential oil, which in turn can be
commercially obtained. While amounts will vary depending on the source, mustard
essential oil typically contains greater than about 90 wt% of allyl isothiocyanate.
Alternatively, allyl isothiocyanate can be added in pure, or relatively pure form to the

composition.

[0022] Allyl isothiocyanate can also be obtained, for example, from brussels
sprouts (about 0.1 mg/kg), cabbage (about 3 mg/kg), cauliflower (about 0.08mg/kg),
horseradish (about 1350 mg/kg) and mustard (about 400-15,000mg/kg).

[0023] Allyl isothiocyanate can be obtained, for example, by pressing the
seeds of brown mustard (Brassica juncea) to remove non-volatile oils. The residue of
Iﬁressed seeds can be macerated with warm, deionized water and allowed to

stand. The macerate can be distilled (e.g., via steam distillation) to yield a volatile

fraction with >about 95 wt% allyl isothiocyanate.

Antimicrobial Compaositions

[0024] Other components suitable for use in an antimicrobial composition,
and known to those of ordinary skill in the art, can be added to the antimicrobial

compositions of the present application. The antimicrobial compositions of the

NY02:713676.1 8



6.4 12.8 3.6 0.5 trans-2- nonenal+ 6.4 3.6 12.8 3.6 0.8 NYO2: 713676. 114
VEO trans-2- deeenal+ MEO 6.4 3.6 12.8 3.6 0.8 trans-2- undecenal +
VMEO 12. 8 W04£011/149851 PCT/US2011/037600

present application are particularly active in the vapor phase. Thus, other
antimicrobial components that are antimicrobially active in solution (i.e., the liquid
phase), can be added to presently disclosed compositions to supplement the overall
activity of the presently disclosed compositions. Furthermore, it has been found that
o, B-unsaturated aldehydes, particularly Co-13 @, p-unsaturated aldehydes, are active in
solution and thus can be included to provide antimicrobial activity in solution (as well

as the vapor phase).

[0025] The antimicrobial compositions of the present application can contain,
for example, fragrance components, fillers, buffers, preservatives and other additives
known to those of ordinary skill in the art. The aldehyde component and allyl
isothiocyanate (for example allyl isothiocyanate obtained from mustard essential oil)
can be diluted to use concentrations with an appropriate solvent. Since allyl
isothiocyanate is decomposed by water, non-aqueous solvents are preferred (e.g.,
fragrance oils or glycols). Furthermore, the compositions should be stored and
processed to avoid high heat, since excessive temperatures (e.g., above 170°C) can

also degrade the allyl isothiocyanate.

[0026] The compositions can be added to fragrance oils, flavor oils, and
essential oils. In addition to liquids, the antimicrobial compositions of the present
application can be incorperated within solids, such as plastics, paper and
soap/detergent solid blocks (e.g., but not limited to, polymer beads, such as EVA
beads, or gels, oils, etc.) according to techniques known to those of ordinary skill in

the art.

[0027] Use amounts of the aldehyde component, allyl isothiocyanate and other
components of the composition can be determined by persons of ordinary skill in the
art. As non-limiting examples, the total amount of the aldehyde component(s) in the
antimicrobial composition can range from about 2 wt% to about 80 wt%, or from
about 5 wi% to about 40 wt%, or from about 20 wt% to about 60 wt%, or from about
30 wt% to about 50 wt%, based on the total weight of the antimicrobial composition.

[0028] As non-limiting examples, the total amount of the allyl isothiocyanate

NY02:713676.1 9



12.8 3.6 0.8 ableConbined MC and FIC val ues for trans-2-al kenals and MEQ
conbi nations - E.h. 10541 (vapor phase) MC trans- 2-al kenal al one (ng/L)
M C transwo2enliessal in conbination with MEO (ng/L) M CrPvEWSadiona76(erg/ L)
¥2C8N504i n conbi nation (ng/L) Conbined FIC trans-2- hexenal+ MEO 6.4 3.6

: .4 1.1

in the antimicrobial composition can range from about 0.0001 wt% to about 40 wi%,
or from about 0.1 wt% to about 5 wt%, or from about 0.05 wi% to about 0.5 wt%,

based on the total weight of the antimicrobial composition.

[0029] Based on the efficacy of combining the aldehyde component with allyl
isothiocyanate, the antimicrobial compositions can contain less allyl isothiocyanate
(and when obtained from mustard oil, less mustard oil) than antimicrobial
compositions of the prior art that contain allyl isothiocyanate, but do not contain an

aldehyde component.

[0030] In embodiments which the allyl isothiocyanate is obtained from
mustard essential oil, the weight ratio of the total amount of aldehyde component to
mustard essential oil can range, for example, from about 0.1:1 to about 500:1, or from
about 0.1:1 to about 100:1 (e.g., 50:1), or from about 0.5:1 to about 5:1 (e.g., about
1:1, or 3:1). Other ratios can be used depending on, among other things, the end use

of the antimicrobial composition and the other components of the composition.

[0031] The antimicrobial compositions of the present application have been
found to exhibit antimicrobial activity in the vapor phase against both gram-positive
bacteria (e.g., Staphylococcus aureus, Enterococcus faecalis, Enterococcus hirae) and
gram-negative bacteria (e.g., Escherichia coli, Salmonella enterica, Pseudomonas

aeruginosa).

Applications

[0032] The presently disclosed anti-microbial compositions can be employed
in any application in which it is desired to reduce bacterial activity, such as, for
example, as bathroom and kitchen cleaning and deodorizing products (e.g., as a
dishwasher deodorizer for use in a dishwasher to reduce malodor). The presently
disclosed compositions can be employed, for example, as a preservative for foodstuff,
for malodor control (e.g., as an air sanitizer for a confined space), and as an
antimicrobia] agent. Because of the high vapor phase activity of the presently

disclosed compositions, they are particularly suitable in enclosed spaces, such as

NY02:713676.1 10



trans-2- heptenal + MED 6.4 6.4 12.8 3.6 1.3 trans-2- oetenal+ MEO 43.0 3.6
12.8 3.6 0.4 trans-2- 6.4 3.6 12.8 3.6 0.8 nonenal + MEO trans- 2-
decenal + WBQ011/149851 PCT/US2011/037600

bathroom applications (e.g., around the toilet), in locker rooms, closets and other
confined spaces in which vapors emanating from the composition can be retained for

a time sufficient to reduce bacterial activity.

[0033] Preferred applications include employing the compositions to control
bacteria and/or malodor for use in small spaces/small rooms, and for use in
dishwashers, refrigerator, garbage pails, sink garbage disposals, toilet bowls (e.g., as a
toilet rim deodorizer), laundry hampers, diaper pails, closets, show boxes,
(clothes/fabric) storage boxes, cat litter, pet litter boxes, pet cages, pet bedding, gym

lockers, gym bags, sneakers, shoes, etc.

[0034] One embodiment of the presently disclosed subject matter provides a
method of reducing the activity of Enterococcus hirae, comprising applying a
composition that includes a Cy to Cj3 aldehyde component, such as any one of the Cq
to Cy3 aldehyde components disclosed herein (or a combination thereof). Another
embodiment of the presently disclosed subject matter provides a method of reducing
the activity of Staphylococcus aureaus, comprising applying a composition that
includes a Cyp to Cy; aldehyde component, such as any one of the Cy¢ to C;; aldehyde

components disclosed herein (or a combination thereof).

[0035] Based on the surprising benefits obtained from combining an aldehyde
component with allyl isothiocyanate, one benefit of the presently disclosed
compositions is that the amount of mustard essential oil required to provide active
levels of allyl isothiocyanate can be reduced. Accordingly, one embodiment of the
present application provides a method of increasing the antimicrobial activity of a
composition containing allyl isothiocyanate (e.g., a composition containing mustard
essential oil) that includes adding at least one, or a combination of aldehyde
components to the composition, in which the aldehyde component can include any

one of the presently described aldehyde components.
EXAMPLES

[0036] The present invention is further described by means of the examples,

NY02:713676.1 11



6.4 3.6 12.8 3.6 0.8 trans-2- undecenal + MEO ea,'-.s.An., 12.8 .?.- 6.4
12.8 3.6 0.8 able : (.onbined MC and FIC val ues for trans-2-al kenal s and
MEO conbiwetnong9ssiEl . 29212 (vapor phase) M C trans- PcCalusemalo3mbone
(mg/L) MC trans- 2-al kenal in conmbination with MEO (ng/L) M C MEO al one
(my/L) MC MEO in conbination

presented below. The use of such examples is illustrative only and in no way limits
the scope and meaning of the invention or of any exemplified term. Likewise, the
invention is not limited to any particular preferred embodiments described herein.
Indeed, many modifications and variations of the invention will be apparent to those
skilled in the art upon reading this specification. The invention is therefore to be
limited only by the terms of the appended claims along with the full scope of

equivalents to which the claims are entitled.

Example 1

[0037] Seeded brain heart infusion (BHI) agar plates of Escherichia coli
ATCC 10536, Salmonella enterica ATCC 13311, Pseudomonas aeruginosa ATCC
15422, Staphylococcus aureus ATCC 6538, Enterococcus faecalis ATCC 29212, and
Enterococcus hirae ATCC 10541 were placed in sealed 7L acrylic boxes and exposed
to vapors of trans-2-alkenals (Cg to Cy; carbon chain length) and mustard essential oil

{MEO) binary combinations.

[0038] The trans-2-alkenals and MEO were weighed neat into a glass jar
which was positioned in the box between the seeded agar plates. The concentration of
the single materials and binary combinations introduce in the 7L box were expressed
as weight per unit volume of the box (mg/L). Several concentrations ranging from 0.5
mg/L. to 43 mg/L of the single materials and combinations were tested for each
organism. The vapor phase minimum inhibition concentration (MIC) with “no
growth” after 3 days of incubation at room temperature. Fractional Inhibition
Concentrations (FIC) was determined to evaluate the antibacterial effect of trans-2-

alkenals and MEQO combinations in the vapor phase based on the following formula:

Combined FIC = (MIC of trans-2-alkenalcombinaton/ MIC of trans-2-alkenalyjgne) + (MIC
of MEQOcombinaton/MIC 0f MEQyi45e)

10039} MIC’s of the trans-2-alkenal ompination Was determined by starting with
one-half or one-quarter of the MIC of the trans-2-alkenalygne and one-half or one-
quarter of the MIC of the MEQ e for the particular bacteria tested, and stepping
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(mg/ L) Conbined FIC trans-2- hexenal+ MEO 12.8 1.8 2.0 1.0 0.6 trans-2-
heptenal + MEO 25.6 1.0 2.0 1.0 0.5 trans-2- octenal+ 43.0 1.8 2.0 1.0 0.5

VEO

WO 2011/149851 PCT/US2011/037600

down the concentration of the aldehyde until the minimum concentration is achieved
such that the agar plate showed no bacterial growth (as observed by the naked eye).
MIC’s of the MEO ombination Was determined by starting with one-half or one-quarter of
the MIC of the trans-2-alkenal,one and one-half or one-quarter of the MIC of the
MEOQi0ne, and stepping down the concentration of the MEQ until the minimum
concentration is reached such that the agar plate showed no bacterial growth (as

observed by the naked eye).

[0040] Combined FIC values for trans-2-alkenals and MEQ combinations are
shown below in Table 1. Combinations with combined FIC equal or less than 0.5 are
considered to have a strong synergistic effect. Combinations with combined FIC

equal to or less than 1, but greater than 0.5 are considered to exhibit synergistic

properties.
trans-2- trans-2- trans-2- {rans-2- frans-2- frans-2-
hexenal + | heptenal + | octenal + | nonenal + | decenal + | undecenal
MEO MEQO MEO MEQ MEO + MEQ
P a 0.6 0.5 0.5 0.5 0.5 0.5
ATCC
15422
S e 1.0 1.0 0.5 0.5 0.5 0.5
ATCC
13311
E c 1.0 1.0 0.5 0.8 0.9 0.5
ATCC
10536
E f 1.1 1.3 0.4 0.8 0.8 0.8
ATCC
29212

NY02:713676.1 13



trans-2- nonenal+ MEO 43.0 0.9 2.0 1.0 0.5 trans-2- decenal+ MEO 43.0 1.8
2.0 1.0 0.5 trans-2- undecenal + MEO 43.0 1.8 2.0 1.0 0.5 able : Conbi ned
M C and PBvQG20dl/14e851f or trans-2-al kenal s and MEO conbi naPConEs201R037600.5442

(vapor phase) MC trans- 2-octenal alone MC trans- 2-octenal in
conbination with MEO M C MEO al one M C MEO
E. h 0.8 0.8 0.5 0.8 0.8 0.8
ATCC
10541
S. a. 0.8 1.0 1.0 0.8 0.9 0.8
ATCC
6538

Table 1: Combined FIC values for frans-2-alkenals and MEQ combinations

(vapor phase)

[0041] MIC values used to obtain the FIC values in Table 1 is shown in

Tables 2-5, below:

MIC trans- | MIC trans- | MIC MEO | MIC MEO | Combined
2-alkenal | 2-alkenal in alone in FIiC
alone combination | (mg/L) | combination
(mg/L) with MEO (mg/L)
(mg/L)
trans-2-
hexenal +
MEO
12.8 3.6 12.8 6.4 0.8
trans-2-
heptenal +
MEOQ
12.8 6.4 12.8 3.6 0.8
trans-2-
octenal +
MEO
25.6 6.4 12.8 3.6 0.5
trans-2-
nonenal + 6.4 3.6 12.8 3.6 0.8
NY02:713676.1 14




in conbi nati on Conbined FIC P.a. 15442 43.0 1.8 2.0 1.0 0.5 S.e. 13311 43.0
1.8 2.0 1.0 0.5 E.c. 10536 43.0 1.8 2.0 1.0 0.5 EI 29212 43.0 6.4 12.8 3.6
0.4 Eh. 1Wb4011259%51 PCT/US2011/037600
MEOQO
trans-2-
decenal +
MEO
6.4 3.6 12.8 3.6 0.8
trans-2-
undecenal
+ MEQ
12.8 6.4 12.8 3.6 0.8

Table 2: Combined MIC and FIC values for trans-2-alkenals and MEO
combinations - E.h. 10541 (vapor phase)

MIC trans- | MIC trans- | MIC MEO | MIC MEO | Combined
2-alkenal | 2-alkenal in alone in FIC
alone combination (mg/L) combination
(mg/L) with MEO (mg/L)
(mg/L)
trans-2-
hexenal +
MEOQ
6.4 3.6 12.8 6.4 1.1
trans-2-
heptenal -+
MEO
6.4 6.4 12.8 3.6 1.3
trans-2-
octenal +
MEO
43.0 3.6 12.8 3.6 0.4
trans-2- 6.4 3.6 12.8 3.6 0.8

NY02:713676.1
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6.4 12.8 3.

6 0.5

FI C val ues for trans-2-oetenal

S.a. 6538 3.6 1.8 2.0 1.0 1.0
formul ati ons (vapor
trans- 2- o¥oendli1498sh one and i n conbi nation with MEQ

able 5 Conbi ned M C and

phase) [0042]M C s of
i n PoE/vsa@pon3phase

agai nst agar plates of Escherichia colt ATCC 10536, Sal nonella enterica

ATCC 13311, Pseudononas aerugi nosa ATCC 15422, Staphyl ococcus aureus ATCC
6538, Enterococcus faecalis ATCC 29212, _
are shown in Figure 1. The MCto inhibit the growh of Pseudononas
ATCC 15422 and Enterococcus hirae ATCC 10541 in the vapor phase

aer ugi nosa

and Ent erococcus hirae ATCC 10541

i s shown i pndiiegalr e+2. 100431As shown aBove, binafy conbingiions of g,
0- unsat ur a | i phatic al dehydes and [MEO showed a synergistic effect in
t he vapor p to iinhibit the gromh of bacteri@a. Hi gher [chain | engthed
al dehydes showed a hi gher act|ivity agaiinst the gram positijve bacter|a in
t hi s exanp| gadsSt.aphyl 0Coccus [aur eus ATQC 6538, Gnterococcys—faecal+s ATCC
29212, and| Ent eroco¢cus hirag ATCC 10541). [0044] M C val ugs were al so
det er m ned dasenalr ahg- 2 octengl, octanal| fornul atlions, and [WD i n sol ution
and in the y r phase. The rlesults are shown beglow in Tahle 6. trjns-2-
| i h: L | i h L

octenal in vapor phase g_gg/ ) octfga in vlaz%)r p aseigng/ ) 0.8

trans-2-

undecenal

+ MEO

12.8 6.4 12.8 3.6 0.8

Table 3: Combined MIC and FIC values for trans-2-alkenals and MEO

combinations - E.f. 29212 (vapor phase)

MIC trans- | MIC trans- | MIC MEO | MIC MEO | Combined
2-alkenal § 2-alkenal in alone in FiC
alone combination | (mg/L) | combination
{mg/L) with MEO (mg/L)
(mg/L)
trans-2-
hexenal +
MEO
12.8 1.8 2.0 1.0 0.6
trans-2-
heptenal +
MEO
25.6 1.0 2.0 1.0 0.5
trans-2-
octenal  + 43.0 1.8 2.0 1.0 0.5

NY02:713676.1

16



, , , |
MEO al one in vapor phase (ng/L) trans-2- octenal in solution (ng/L) octana
in solution (ny/L) MEO in solution (ng/L) P.a. 15442 43.0 84.8 2.0 >125
>125 >62.W020H/144%10 42.4 2.0 >125 >125 >62.5 13311 PCT/US2011/037600

MEO

trans-2-
nonenal +

MEO

43.0 0.9 2.0 1.0 0.5

trans-2-
decenal +

MEO

43.0 1.8 20 1.0 0.5

trans-2-
undecenal

+MEQ
43.0 1.8 2.0 1.0 0.5

Table 4: Combined MIC and FIC values for trans-2-alkenals and MEQO

combinations - P.a. 15442 (vapor phase)

MIC trans- | MIC trans- | MIC MEO | MIC MEO | Combined
2-octenal | 2-octenal in alone in FIC
alone combination combination
with MEO

P.a 15442

43.0 1.8 2.0 1.0 0.5
S.e 13311

43.0 1.8 2.0 1.0 0.5
E.c. 10536

43.0 1.8 2.0 1.0 0.5
Ef 29212

43.0 6.4 12.8 3.6 0.4
Eh 10541

256 6.4 12.8 3.6 0.5
NY02:713676.1 17




43.0 21.1 2.0 >125 >125 >62.5 E.f.

WO 2011/149851

29212

PCT/US2011/037600

S.a 6538

3.6

1.8

2.0

1.0

1.0

Table 5: Combined MIC and FIC values for trans-2-octenal formulations (vapor

phase)

[0042]

MIC’s of trans-2-octenal, alone and in combination with MEO, in the

vapor phase against agar plates of Escherichia coli ATCC 10536, Salmonella enterica
ATCC 13311, Pseudomonas aeruginosa ATCC 15422, Staphylococcus aureus ATCC
6538, Enterococcus faecalis ATCC 29212, and Enterococcus hirge ATCC 10541 are

shown in Figure 1. The MIC to inhibit the growth of Pseudomonas aeruginosa
ATCC 15422 and Enterococcus hirae ATCC 10541 in the vapor phase is shown in

Figure 2.

[0043]

As shown above, binary combinations of a, B-unsaturated aliphatic

aldehydes and MEO showed a synergistic effect in the vapor phase to inhibit the

growth of bacteria. Higher chain lengthed aldehydes showed a higher activity against

the gram positive bacteria in this example (Staphylococcus aureus ATCC 6538,
Enterococcus faecalis ATCC 29212, and Enterococcus hirae ATCC 10541).

[0044) MIC values were also determined for trans-2 octenal, octanal
formulations, and MEO in solution and in the vapor phase. The results are shown
below in Table 6.
trans-2- MEO
octepal in | octanal in | alone in trans-2-
vapor vapor vapor octenal in | octanal in | MEQ in
phase phase phase solution solution | solution
(mg/L) (mg/ll) | (mg/L) (mg/L) (mg/L) (mg/L)
P.a
15442
43.0 84.8 2.0 >125 >125 >62.5
S.e. 43.0 42.4 2.0 >125 >125 >62.5
NY02:713676.1 18




43.0 42.4 12.8 >125 >125 >62.5 E. h. 10541 25.6 42.4 12.8 >125
>125 >62.5 S. a. 6538

WO 2011/149851 PCT/US2011/037600

13311
E.c.
10536

43.0 21.1 2.0 >125 >125 >62.5
E.f.
29212

43.0 42.4 12.8 >125 >125 >62.5
E.h.
10541 '

25.6 42 .4 12.8 >125 >125 >62.5
S.a. 6538

3.6 7.8 2.0 >125 >125 >62.5

Table 6: MIC values for trans-2-octenal and octanal formulations in vapor phase

and in solution

[0045] Table 6 indicates that the tested compositions active in the vapor
phase, but not in solution. This demonstrates that antibacterial activity in the vapor
phase is distinct from activity in solution. When creating compositions with
antibacterial activity, one or more active materials can be selected. Materials active in
the vapor phase may not be active in solution (and vice versa). To provide
compositions with activity in the vapor phase, consideration need only given to
materials that are active in the vapor phase -- its’ activity in solution is not a
consideration. The reverse also holds for compositions active in solution. Therefore
active compositions that demonstrate activity in the vapor phase are expected to be
quite different from active compositions that demonstrate activity in solution. The
differences are not simply due to test methods as both test for antibacterial activity.
While not being bound by any particular theory, research suggests that the mechanism
of antibacterial activity in the vapor phase and activity in solution is distinct and
different from activity in solution. The molecular and/or structural targets on the

bacteria can be different.
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3.6 7.8 2.0 >125 >125 >62.5 Table 6: M C values for trans-2-oetenal and
oetanal fornulations in vapor phase and in solution 100451Table 6 indicates
t hat t he wesbadi4essmposi ti ons active in the vapor phase, PoUtUSR@/ 031600
solution. This denonstrates that antibacterial activity in the vapor phase
is distinct fromactivity in solution. Wen creating conpositions wth

anti bacterial activity, one or nore active materials can be sel ected.
Materials active in the vapor phase may not be active in solution (and vice
versa). To provide conpositions with activity in the vapor phase,
consideratitﬁ_?l.;n;a@gg only given to materials that are active in the vapor
phase -- i vity in solution is not a consideration. The reverse al so
hol ds for conpositions active in solution. Therefore active conpositions

t hat denonq0@4tile act iSeeded brainttigert wxfpsion dbagar Malex pbbtcderieiia b&li qui t e

The i £ 1r dhick 1538 RabraRhg eiferig ATot: LERT ERRLSH Yebtdhdba g, ' O
anti bacter il%hf@,%&%ﬂﬁ!g%éoic\% nhiReuR AT AT 6 53R, BRIASCIYLsaBYcalia TEMDOT12t hebr y,

research suggests he nmechani sm of anti bacterial _acti vglquyl in the vapor
phase and dotéerececspui hireohTCCoH S wereplaerd ingreledi 7k peylinLoxss SR &¥RI6T Ly i n

solution. The_nol ecul ar and/. I ¢ [ an be
different. to\)ﬂ@%ﬁﬁ#’fﬁ@@ﬁ%%ﬁ%&%%%@@% Egatﬁfagi%?tzaﬁl%glggglg%svgfec eeﬂtljé:brai n
heart i nf usicanpla@kivhs agiareapldaiigls vafor&escheri chia coil ATCC 10536, Sal nonel | a
enterica AT%C 13311, Pseudononas aerugi nosa ATCC 15422, Staphyl ococcus

aur eus ATCC 6538, . Ent er ococcu faecgl is ATCC 29212, and Enterococcus hirae
ATCC 10541 Gepposgionced-? i S?Eﬁpsﬂ_' i c boxes and exposed to vapors of
t he conpositions shown below. A control was established in which the agar

pl ates was @gh &sEtﬁﬁ'itEGb.MgVL ARMMsS2-héRemesi tion A1 9.3 ng/L of
trans-2- hexenal Conposition B: 9.3 ng/L of trans-2-heptenal Conposition C

9.3 ng/L of 2, 4-heptadienal Conposition D: 7.1 nmg/L of trans-2-hexenal
Conposi t i orCanpdpitionrfgy/9.3 ofe/l2 ofi2 Heberteflien®hl Conposition F: 7.1 ng/L of
2,4-heptadienal + citronellol (1:1) Conposition G 9.3 ng/L of citronella'

+ citral 1 i t4 X L of benzal dehyde + citral DVA
' -2-h , oV

(1:D ‘Conp%rﬁm)s#}of%g?gﬂr%ffﬁ?g&% ur%l(f!rﬁg{ + citronellol (1:1) Conposition
J: 7.1 ng/L of citral + citronella' (1:1) Conposition K 7.1 ng/L of
t r ans- 2- hex@sapositici E:rohaigllobf 7, 3:hkptadieealf ol | owi ng resul ts were obt ai ned:
S.a. 6538

Composition F: 7.1 mg/L of 2,4-heptadienal + citronellol (1:1)

Composition G: 9.3 mg/L of citronellal + citral DMA (1:1)

Composition H: 9.3 mg/L of benzaldehyde + citral DMA (1:1)

Composition I: 9.3 mg/LL of furfural + citronellol (1:1)

Composition J: 7.1 mg/L of citral + citronellal (1:1)

Composition K: 7.1 mg/L of trans-2-hexenal + citronellol (1:1)

The foliowing results were obtained:

S.a. 6538 | E.f. E.h E.c. S.e. P.a.
29212 10541 10536 13311 15442
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ES. 29212 Rh 10541 E.c. 10536 S.e. 13311 P.a. 15442 NY02:713676.120
2011/ 149851PCT/ US2011/ 037600 Conposition A +++ +++ + +++ +++ +++

Conposi t iW0 2BI #9853t ++  +++ +++ + PCT/US2011/037600
Composition | +++ +++ + +4+ +++ +++
A
Composition | +++ +++ +++ +++ +++ +
B
Composition | +++ ++ + ot -+ +++
C
Composition | +++ 4+ + +—+ -+ -t
D
Composition | +++ ++ + 4+ +4++ ++
E

Composition | +++ - - - - B
F

Composition | - - - - - -

G

Composition | ++ - - - - -
H

Composition | - - - - - -

|

Composition | +++ - - - - ;

J

Composition | +++ - - ++ T+ _
K

KEY: - No Activity (growth)

NY02:713676.1 21



Conposition C lil +++ + +++ +++ +++ CONPOSi tion D +++ +-H + +++ +++
- F++

WO 2011/149851 PCT/US2011/037600

+ Slight Activity (some growth, but much less than control)
++  Medium Activity (pinprick growth)
+++  High Activity (no growth)

Table 7: Vapor Phase Activity Against Bacteria

Example 3

[0047] A detergent base was obtained based on a commercially-available gel
detergent product and used as a positive control. To the positive control was added,
in separate trials, a fragrance composition containing 0.2 wt% of trans-2-nonenal,
trans-2-decenal, trans-2-undecenal, trans-2-dodecenal, and trans-2-tridecenal

aldehydes.

[0048] The activity log reduction of these compositions was determined
against Enterococcus hirae ATCC 10541 and Staphylococcus aureus ATCC 6538 in
solution. Each 1 gram of product was diluted with 116 grams of water, stirred with a
stir bar for about 10 minutes. An aliquot was added with bacteria, mixed on a vortex
mixer and placed in a 50°C water bath. After 1 hour, sample was diluted in D/E
Neutralization broth (Dey and Engley) and plated onto solid media. Surviving bacteria

was counted after 1 day incubation at 37°C The results are shown below in Table 8.

Composition Tested Enterococcus hirae ATCC | Staphylococcus avreus
10541 ATCC 6538

Detergent base (control) 1.5 3.1

+ trans-2-nonenal 2.2 3.9

+ trans-2-decenal 3.6 >5
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Conmposition E +++ ++ + +++ +++ ++ Conposition F +++ - _ - _ Conposition G
_ Conposition H ++ -

© WO 2011/149851 o PCT/US2011/037600
+ trans-2-undecenal 4.8 4.7
+ trans-2-dodecenal >5 >5
+ trans-2-tridecenal >5 39

Table 8: Activity Log Reduction of Enferococcus hirae ATCC 10541 and
Staphylococcus aureus ATCC 6538 in solution

[0049] The activity log reduction of a fragrance composition containing trans-
2-dodecenal was tested when used in increasing amounts from 0.3% to 0.5%. The
composition was tested against Pseudomonas aeruginosa ATCC 15422, Escherichia
coli ATCC 10536, Staphylococcus aureus ATCC 6538, and Enterococcus hirae
ATCC 10541. The results are shown below in Table 9, in which the anti-microbial
composition decreased bacterial activity in a dose-related manner, while providing a

hedonically appealing fragrance.

Pseudomonas | Escherichia Staphylococcus | Enterococcus
aeruginosa coli  ATCC | aureus ATCC | hirae ATCC
ATCC 15422 | 10536 6538 10541

Detergent base | >5 >5 (2 1

(control)

Base + 0.3% | >5 >5 4 3

Table 8 trans-

2-dodecenal

composition

Base + 0.4% | >S5 >5 >5 35

Table 8 trans-
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_ _ Composition | - - - - Conmposition J +++ - - Conmposition K +++

_ ++ ++ _ KEY: -No Activity (growh) NYO2:713676, 121

WO 2011/149851 PCT/US2011/037600
2-dodecenal
composition
Base + 0.53% | >3 >5 >5 >5
Table § trans-

2-dodecenal

composition

Table 9: Activity log reduction of a fragrance composition containing trans-2-

dodecenal

Example 4

[0050] The following composition was prepared by mixing the following

components, in which the percentages are weight percent.

Component Amount (wt %)
decanal 36%

octanal 2%

nonanal 2%

citronellyl acetate (available from | 13%

Takasago Int’] Corp.)

citronellyl  nitrile  (available  from | 8%

Takasago Int’] Corp.)

dh citronellal (@10%) (available from | 3%
Takasago Int’l Corp.}
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WO 2011/ 149851PCT/ US2011/ 037600 Slight Activity (sonme growth, but nmuch |ess
than control) ++Medium Activity (pinprick growh) +++ High Activity (no
growt h) Tabl2e1171498%apor Phase Activity Agai nst Bacteria Exargsb@1/o864v] A
detergent base was obtai ned based on a comrerci ally-avail abl e gel detergent
product and used as a positive control. To the positive control was added,
in separate trials, a fragrance conposition containing 0.2 wt % of

trans- 2- nonenal , trans-2-decenal, trans-2-undecenal, trans-2-dodecenal, and
trans-2-tridecenal al dehydes. [0048] The activity | og reduction of these
conposi ti OEy Bty HRL €r M ned agal nst Ent énggoccus hirae ATCC 10541 and
St aphyl ococcus ael,reus ATCC 6538 in solution. Each 1 gram of product Was
diluted wijth 116 grans of water, stirred with a stir bar for about 10
M nut es. Ahiralingu@Evailebde dcaedlakasagobt’d ¢df@, ni xed on a vortex mi xer {and
pl aced in Q}SO water bath. After 1 hour, sanple was diluted in D E
Neutral i zati°%’broth (Dey and Engley) and plated onto solid nedi a.
Surviving|bacteria was counted after 1 day incubation at 37C The results
are shown [hgJ %pd}yT@{thp RAlicHarpesiatlile | Test ed Enterococcus hirae ATEC
10541 St aphyl ococcusaur eus ATCC 6538 Defergent base (control) 1.5 3.1 +
t rans- 2- ngiemalaasag@ingl Lorp-hns- 2- decenal 3.6 >5 NY02713676.122 WO
2011/ 149851PCT/ US2011/ 037600 + trans-2-undecenal 4.8

linalyl acetate synthetic 9%
terpinyl acetate 10%
3,5,5-trimethylhexyl acetate 1%

Table 10: Antibacterial Aldehyde-Containing Composition with Fragrance

Components

[0051] This composition was shown to have antibacterial activity against all

of the bacteria tested, including gram-negative and gram-positive bacteria.

[0052] The present invention is not to be limited in scope by the specific
embodiments described herein. Various modifications of the invention in addition to
those described herein will become apparent to those skilled in the art from the
foregoing description and the accompanying figures. Such modifications are intended

to fall within the scope of the appended claims.

[0053] Patents, patent applications, publications, product descriptions, and
protocols are cited throughout this application, the disclosures of each of which is

incorporated herein by reference in its entirety for all purposes..
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4.7 + trans-2-dodecenal >5 >5 + trans-2-tridecenal >5 3.9 - - - abl e :
Activity Log Reduction of Enterococcus hirae ATCC 10541 and Staphyl ococcus
aureus AMQ26638985m sol uti on [ 0049] The activity | og redRCTiusr010/03 500
fragrance conposition containing trans-. 2-dodecenal was tested when used
in increasing amounts fromO0.3%to 0.5% The conposition was tested agai nst
Pseudononas aerugi nosa ATCC 15422, Escherichia coil ATCC 10536,
St aphyl ococcus aureus ATCC 6538, and Enterococcus hirae ATCC 10541. The
results are shown below in Table 9, in which the anti-mcrobial conposition
decreased b®HATISICIaOMBNDYY: i n a dose-rel ated manner, while providing a
hedoni cal | y appealing fragrance. Pseudononas aerugi nosa ATCC 15422
Escherichia coil ATCC 10536 Staphyl ococcus aureus ATCC 65380Egg/e_rrogf)ccgs
hi raeATCC 105 . ntrol) >5 >5 2 1 Base + 0.3% Tabl e
trans2- dodeg'e?%l agg%l?r%g@?{ clrogr?}%ggi(oﬁ%oﬁip %SI)ng‘

(a) at least one aliphatic aldehyde component;

(b) allyl isothiocyanate.

- 2. The antimicrobial composition of claim 1, wherein the aliphatic aldehyde

component is a C¢-C 3 aldehyde.

3. The antimicrobial composition of claim 2, wherein the aliphatic aldehyde

component is unsaturated.

4. The antimicrobial composition of claim 3, wherein the aliphatic aldehyde

component is an o, 8 unsaturated aldehyde.

5. The antimicrobial composition of claim 3, wherein the aliphatic aldehyde

component is straight-chained.

6. The antimicrobial composition of claim 2, wherein the aliphatic aldehyde

component is a C;-Cy; aldehyde.

7. The antimicrobial composition of ¢claim 6, wherein the aliphatic aldehyde

component is unsaturated.

8. The antimicrobial composition of claim 7, wherein the aliphatic aldehyde

component is an «,  unsaturated aldehyde.

9. The antimicrobial composition of claim 7, wherein the aliphatic aldehyde

component is straight-chained.
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3 Base + 0.4% Table 8 trans- >5 >5 >5 3.5 WD 2011/ 149851PCT/ US2011/ 037600

2- dodecenal conposition Base + 0.5% Tabl e 8 trans2-dodecenal
conposi tiwo 208/4985¢5 >5  Table 9: Activity | og reducti eaTafS2@1/08m00 ance
conposition containing rans- - dodecenal Exanple 4 10050] The fol |l ow ng

conposition was prepared by m xing the foll owm ng conponents, in which the
percent ages are wei ght percent. Conponent Anobunt (wt % &canal 36% oct anal

2%
10. The antimicrobial composition of claim 1, wherein the aliphatic aldehyde

component is selected from:

trans-2-hexenal;

O\/\/\/

trans-2-heptenal:

e Y

trans-2-octenal:

O\/\/\/\/

trans-2?-nonenal:

O
\/\/\/\/\

trans-2-decenal:

O\/\/\/\/\/
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nonanal 2% citronel |yl acetate(avail abl efrom Takasago Int' | Corp.) 13%
citronellylnitrite(avail abl efrom Takasago Int'l Corp.) 8% dh citronell al
(@0% (awai2bubi4essfirom Takasago Int'l Corp.) 3% NYO2: 7P86H5201243760@t hy|
butyrate 1% hi ndi nol (avail able from Takasago Int'l Corp.) 1% i sopropoxy
ethyl salicylate (available from Takasago Int'l Corp.) 15%Ilinalyl acetate
synthetic 9% terpinyl acetate 10% 3,5, 5-tri met hyl hexyl acetate 1% Tabl e 10:
Anti bacterial Al dehyde-Containing Conposition with Fragrance Conponents
10051] Thi s conposition was shown to have anti bacterial activity against all
of the bactgpi-a jngsdaq: i ncluding gram negative and gram positive bacteri a.

NP P T N\

trans-2-dodecenal:

O\/\/\/\/\/\/
2, 4 hexadienal:

0\/\/\/

2, 4 heptadienal:

I YV SN

2, 4 octadienal:
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[ 0052] The present invention is not to be limted in scope by the specific
enbodi nents descri bed herein. Various nodifications of the invention in
addi ti on wo 20hioessdescri bed herein wil|l beconme apparent pPCo/ush@sm3mhké | | ed in
the art fromthe foregoing description and the acconpanying figures. Such
nodi fications are intended to fall within the scope of the appended cl ai ns.
[ 0053] Patents, patent applications, publications, product descriptions, and
protocols are cited throughout this application, the disclosures of each of
which is incorporated herein by reference in its entirety for all purposes.
WHAT IS CLAIMED IS: 1. An antimcrobial conposition conprising: (a) at

| east one aliphatic al dehyde conponent; (b) allyl isothiocyanate. 2. The
antim crobi co itio cl g 1, erein the aliphatic al dehyde
conponent is -C1 dehyte” 3. @ antimcrobial conmposition of claim
2, wherein the aliphatic al dehyde conponent is unsaturated. 4. The
antlnlcrobqaimﬁgﬁﬁggltlon of claim3, wherein the aliphatic al dehyde
conponent i$ an a, 13 unsaturated al dehyde. 5. The anti ni crobi al
conposition of claim3, wherein the aliphatic al dehyde conponent is

strai ght-chained. 6. The antim crobial conposition of claim2, wherein the
al i phatic alglehyde gompone is a Cr-Cl2 _al dehyde. 7. The antim crobi al
conposition O i m eret he~al+phatywg¢c al dehyde conponent is
unsaturated. 8. The antim crobial conposition of claim?7, wherein the

al i phati c al dehyde component is an a, 13 unsaturated al dehyde. 9. The
antim crobial conposition of claim7, wherein the aliphatic al dehyde

conponent is straight-chained. 10. The antim crobial conposition of claim
1, wherein o heealdighnti ¢ al dehyde conponent is selected from

trans 2-hexénal: trans-2-heptenal: trans-2-octenal: trans-2-nonenal:

trans- 2- decenal : trans- 2- undecenal :

N GO Y Vg

2, 4 undecadienal

I NN

2, 4 dodecadienal

I e PO Y e g
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trans- 2-dodeeenal : 2, 4 hexadienal: 2, 4 heptadienal: 2, 4 octadienal: \
2,4 nonadienal 2, 4 decadienal 2, 4 undecadienal 2, 4 dodecadi enal

11. The awoi2miicwedsial conposition of claim 1, wherein tIreTaiSkY1/037600

i sot hi ocyanate is obtained fromnustard essential oil. 12. An

antim crobial conposition conprising fromabout 5 wt% to about 40 wt % of an
unsaturated or saturated C6-Cl3 straight-chained or branched aliphatic

al dehyde. 13. The antim crobial conposition of claim12, wherein the
conposition contains fromabout 8 w%to about 12 wt % of the unsaturated or
saturated C6-Cl3 straight-chained or branched aliphatic al dehyde. 14. A
nmet hod of reducing the bacterial activity of an environnment conprising
applying an antim crobial conposition of any one of clains 1 to 13. 15.
The met hod &1. dhepptimigrobil spmipasiemed gJaigt Liwkergadhed!lyhisothipevdndeds 16. The
met hod of cl.ai.m wherein gram negative bacteria is reduced. 17. The

nmet hod of cPg%ﬁFéi$m%ﬁ§ﬁ%Fngﬂgg%ﬁﬁinicrobial conposition is allowed to
evaporate within a confined space and is active in the vapor phase. 18. A

met hod of preserving. ,a product against spoil age conprisin% intro%ucing an
anti ni cr obi & ABAIEEVEPBIAl mpasiHionsemprispr Afoms about § Witk osbpwthwbeaEt . 19.
A net hod of I oyl : _']{g?g i 11§l

i ntroduci ngalgr[%ﬁ%ﬁ{}%ﬂﬁl@gf g(;ggﬁ&rg%accc?n%%g?%gg{léo g?l)lfl%léa?lle o§ 1@?&%@’%@{: 513 to the
confined air space. 20. An air sanitizer conprising the conposition of any

one of clai to 13. . i . . s .
IITE. ;l’he antljinicroblal composition of claim 12, wherein the composition contains
from about 8 wt% to about 12 wt% of the unsaturated or saturated C¢-C;3 straight-
chained or branched aliphatic aldehyde.

14. A method of reducing the bacterial activity of an environment comprising

applying an antimicrobial composition of any one of claims 1 to 13.
15. The method of claim 14, wherein gram-positive bacteria is reduced.
16. The method of claim 14, wherein gram-negative bacteria is reduced.

17. The method of claim 14, wherein the antimicrobial composition is allowed to

evaporate within a confined space and is active in the vapor phase.

18. A method of preserving a product against spoilage comprising introducing an

antimicrobial composition of any one of claims 1 to 13 to the product.

19. A method of preventing malodor in a confined air space comprising introducing

an antimicrobial composition of any one of claims 1 to 13 to the confined air space.

20. An air sanitizer comprising the composition of any one of claims 1 to 13.
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21. The air sanitizer of claim20, wherein the air sanitizer is in a form
capabl e of being maintained in close proximty to atoilet rim 22. The
ai r sani twoeniiofs9gshai m 20, wherein the air sanitizer i sPpcm/usb@ifdsrene of a
polynmeric bead, an oil or a gel. 23. Packaging for foodstuff conprising
the conposition of any one of clains 1 to 13.

21. The air sanitizer of claim 20, wherein the air sanitizer is in a form capable of

being maintained in close proximity to a toilet rim.

22. The air sanitizer of claim 20, wherein the air sanitizer is in the form of a

polymeric bead, an oil or a gel.

23, Packaging for foodstuff comprising the composition of any one of claims 1 to 13.
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