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L, (57) Abstract: The present invention deals with a microbiocidal aqueons formulation comprising: (i) an effective amount of at least
one essential oil component, or derivatives thereof, said derivatives thereof obtained by exposure to light or by oxidation, or mixtures
O thercof; and (ii) at least one additional stabilizer selected from the group consisting: of ethano! in an amount of from 10% to about
50%, an emulsifier, an antioxidant, or an encapsulating agent. The invention is further directed to a method for inhibiting microbial

development using said microbiocidal aqueons formulation:
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exposure to Ii(ght or by oxidation, or mxtures thereof; and (ii) at |east
one addi t iVOR&8BAbi | i zer selected fromthe group consi @CTM200808t hanol in

- an anmount of from 10% to about 50% an enulsifier, an antioxi dant, or an

encapsul ati ng agent. The invention is further directed to a nethod for

i nhibiting mcrobial devel opnent usi‘n]g_sai d m crobi oci dal aqueous
formulation. 4 April 2006 WO 03/028451 PCT/1L02/00808 -1 M CROBI OCl DAL
FORMULATI ON COVPRI SI NG ESSENTIAL 5 O LS OR THEI R DERI VATI VES FI ELD OF
THE | NVENTI ON The present invention concerns neans to inhibit mcrobial
devel opment. More specifically, the present invention concerns

formul ati ons and nethods for inhibiting mcrobial developnent in

perishabl e agricuyltur Iggroduce househol d and human hygi ene conpri si ng of

essential oil colfgbr GFDMQWUMIQ%QQM?WW ENPIdur e t o

irradiation of light or byO??é@ﬁiﬂﬁlﬁBﬁ%ﬁ‘ ' Sh stabilizers. BACKGROUND
of “perishable agricultural produce is caused by

m crobial infection. Such produce is typically kept for I'ong enough
periods of FiRiTH GFT¥E INVENTION |

The present invention concerns means to inhibit microbial development.

More specifically, the present invention concerns formulations and methods for
inhibiting microbial development in perishable agricultural produce, household and
10 huma-n hygiene comprising of essential oil components or their derivatives obtained

by exposure to irradiation of light or by oxidation, together with stabilizers.

BACKGROUND OF THE INVENTION

The decay of perishable agricultural pfoduce is caused by microbial
~ infection. Such produce is typically kept for long enough periods of time during
.15 which conditions allowing for the propagation of various microorganisms exist and
accordingly, very ofien, a high percent of the produce becomes infected. In
addition to thf; obvious substantial financial loss due to siich decay, some of these
microorganisms produce toxic and carcinogenic metabolites, which are harmful to

. humans. _

20 Control of pathogen infection of perishabie agricultural produce is achieved
today mainly by exogenous application of synthetic fungicides and/or bactericides.
However, these synthetic chemicals have toxic residues in the produce.
Furtliermore, development of resistant strains of microorganisms has also been
observed. As a result, several such fungicides and bactericides are being phased

25 out by regulating agencies, The residual toxicify and the potential phasing out gave
rise to the developrnent of alternatives to the synthetic chemicals presently used for

prevention of decay.
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antagonistic yeast is not yet well accepted commercially, possibly because of

inadequate control of the pathogens. Furthermore, these methods have various
drawbacks and some of the relevant health authorities have not yet approVed some
15 ofthem. |
Citrus fruit, as well as various other plants, possess some endogenous
resistance against pathogens owing to the production of anti-microbial substances
in the plant tissues {Ben-Yehoshua, S., Rodov, V, Kim, J. J. aﬁd Carmeli; S.,
(1992) Preformed and induced antz_‘fungal materials of citrus fruits in relation to
AN 20 the enhancement of decay resistance by heat and ultraviolet treatments. J. Agric.
o * Food Chem., 40:1217-1221; Ben-Yehoshua, S., Rodov, V., Fang, D. Q., and Kim,
J. J., (1995) Prqfor}néd antifungal compounds of citrus fruit: effect of postharvest
treatments with heat and growth regulators. J. Agric. Food Chem. 43: '1062-1066;
. Rodqv, V., Ben-Yehoshua, S., Fang, D. Q., and Kim, J. J., (1995) Preformed
25 antifungal compounds of lemon fruit: citral and its relation to disease resistance.
J. Agric. Food Chem. 43: ‘1'062-,1066). It has I;een previously shown that these
~substances include essential oil components, which exhibit a broad range of
anti-microbial activity. US patents 5,334,619 and 5,958,490 describe the‘use of

several natural occurring oils as active agents for preventing decay in post-harvest
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antifungal activity. In fact, Ben Yehoshua et al (1992) and Rodov et al (1995) have
shown that citral is the most active constitutive antifungal compound in lemon fruit.

Limonene, 1-methyl- 4-(1-methylethenyl)cyclehexene (known also as
p-mentha-1,8-diene) is another .example of an abundant essential oil cemponent,

15 which may be extracted from glands of flavedo of citrus fruit. US 4,379,168 end
.US 5,951,992 describe tﬁe use of limonene as an insecticide and pesticide,
respectively. However in its pure form it has very low antifungal activity. Chalchat
et al. (Chalchat, J.C., Chiron, F,, Garry, R.Ph. and Lacoste (2000, J. Essent. Qil Res.
12, 125-134) disclose antimicrobial activity of limonene hydropcox1de against

20 Human pathogens.

Aureli et al. (Aureli, P,, Costantini, A. and Zolea, S., 1992. Antimicrobial
activity of some plant essential oil against Listeria monocytogenes. J. Food
Protection, 35:344-348) showed that some essential oil components have strong
actiyity against pathogenic bacteria such as Listeria and suggested their use in

25 preventing the infection of food by Listeria. |

Several attempts have been made to us_e'citral to control decay of various

) agricultural produce. It was shown that Citral could reduce. grain deterioration of
Aspergillus inoculated high moisture barley (Nandi, B., Thomke 8. and Fﬁes, N.,
1977. Preservation of high moisture barley grains with citral and allyl caproate and

30 preliminary écceptability tests with piglets. Acta Agric. Scand., 27:105-109), rough
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neral. Because of its intense |lenon aroma and flavor, citra as been
extensively used in food and cosnetic industries. Citral is recognized as
a safe foﬁ? addltlve and is approved for use in food by the U S. Food and
Drug Adnmi M &PP4bn. Gitral has also been shown to exhPBEAL008ES y
effective and broad range of antinicrobial and antifungal activity. In
fact, Ben Yehoshua et al (1992) and Rodov et al (1995) have shown that
citral is the nost active constitutive antifungal conpound in | emon fruit.
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most cases of the prior use of essential oil components to prevent deéay

of agricultural produce, the essential oil component was applied to the produce in

an aqueous emulsion. Although partial prevention of the proclube's decay was

achieved by the use of such substances, essential oil 'components, ﬁlcluding citral

and geraniol, are still not used commercially for decay control of perishable

20 agricultural produce. One main reason for not using those substances is that their

application to perishable produce, in a concentration effective against the
microorganisms, inflicts damage to the produce, wﬁiqh may cause decay later on.
For example, essential oils inflict pee! damage in fruit and color changes in meat.
This damage may be severe and results in a significant decay of the treated produce

. 25 after a relatively short period of time. Another reason for the lack of their
commercial use is their instability as many of thcse essential oils are unstable and

tend to decompose prior to carrying out their bactericidal activity.

30
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15 ' ethanol in an amount of from 10% to about 50%, an emulsifier, an

antioxidant, or an encapsulating agent.

The amount of added ethanol is from about 10 to about 50%. The essential
oil component is selected from the group of 'monoterpene- hydrocarbons,
sesquiterpenes, oxygenated terpene derivatives, non-terpene' derivatives such as
;';Tf-‘. ) 20 aldehydes, alcohols, acids and phenolics. The concentration of the essential oils in

the aqueous microbiocidal composition is from about 0.1% to about 1% (v/v). The

concentration of the derivative of the éssential oil obtained by exposure to light is

from about 1000 pl. L™ to about 12,000 uL L". The microbiocidal éompoéition

may,.fm'ther comprise an additional amount of another biocide in a small amount
25 which by itself is not sufficient for inhibiting microbial development. |

It is a further object of the present invention _tc; provide a methbd for inhibiting

microbial development in perishable agricultural produce by applying a

microbiocidal aqueous formulation comprising:
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invention either alone or together with commonly used detergents. ‘
Still yet a further object qf the present invention is to provide use of the microbiocidal
formulation for human hygiene where the essential oils or derivatives thereof together with
suitable additives is added to soap bars, hygiene, dish washing detergents, mouth washes
disinfecting or cosmetic applications. ' '
It is still a further object of the present invention to provide use of the microbiocidal
formulation as a nutraceutical for relieving or treating minor infections caused by microbials,

~as well as providing benefits to human health.

" BRIEF DESCRIPTION OF THE DRAWINGS
In order to understand the invention and to see how it may be carried out in practice,
a preferred embodiment will now be described, by way of non-limiting example only, with
reference to the accompanying drawings, in which:




(BHA), ascorbic acid, butylated hydroxytol uene (BHT) i soascgrAr)Pi £ 5(% d,
! e rf 2
a-tocopherol, (3- carotene, or mxtures thereof, and (iiii) a

encapsul ati ng agent selected fromthe group consisting of cornstarch,

mal t odextrin, silica gel, (3 -cyclodextrin, casein, chitosan, or mxtures
t hereof . THEI3@3MEhti al oil conponent is selected from thergooeposconsi sting

of citral, 1l-octanol, heptanol, nonanol, geraniol, octanal, nonanal,
decanal , perillal dehyde, perillalcohol, - citronellol, citronellal, carvone,
carveol, linalool, vanillin, cinnan167é1dehyde, ci nnam c acid, eugenol;-
‘ment hol, |inonene, |inonene hydroperoxide, carvacrol, terpineol, thynol,
vanillin sheptsothe induction] oft ssoparpne peasiuction frumafiwe gsgsnelemonfbyt he

}edl
present in o ' 0 BEQVI t hods for Jphibiting.mcrobial
Glevel openttCkn duh dsbfbg IS, TRkhGRRe’ firl BhiBkde, 37 bR EEEHAE 1 mut at i on
of the presmiints bintiieoil pRiAdein MRureagre@elefions.0get her with commonly used
detergents. Still yet a further object of the present inventionis to

provi de usEigef2 tshews the otffast i efalfruitf matwitatdfolenfons durther rodictine efhere t he
essential Qi . deriyatives thereof . to her with suitable additives is
added t:} S *3%%%5,3%a§%g%§en&ngﬁéﬁ%%m e%ﬂgergents, nout h washes

di si nfecti Wig.03 sE@BTeid fut@RP!de6at bP Penicklihinctliatdd Brabbirlib@ka@igct of the
present invention to provide use of the mcrobiocidal™ fornulation as a

nutraceut | $Bping &t formuiationsef ciiral; anskgerandolni nor i nf ecti ons caused by
m cr obi al Sg; S L1, as providin enef,its.to n heal th., BRI EF
- DESCRI :DTI ?Ngo% s?\é\ﬁs B&W%&g\élf?#yo‘%dé@'?‘&}%@8?@%}51%@% et Y"}%a fPand to see

~how it WYa?@o@aérﬁl'hlﬁdn fteitdd sl 912596 eBARIICAhE Y 222000 b N BiR}1ag! | now be
—.described, by way of non-limting exanple only, with reference to the

acconpalty i iygraxyadiselest i of puppyd tgallate 4% 26 0dtrie@ciBino@epBend giyeel),02/ 00808
-7 Fig. 1 | i ndugt i f ducti on i t |
by |1 eot SRR A P RlenE PR T B 20 S Sotetstor by

rel easi ng tb g decaynbLmiis obthe bitfle Rind vEtASUBS pofh dYewR 20AMdul &ARIRE: Fig. 2
shows the effect of fruit maturity of |enons on the production of 5

phyt.oal exilig: $shes theeraty eledecay dfyRaniadinimenomidted lensansregted3withhans the rate
_ _.Of' decay quug)oeiﬂ' gﬁlllllsfoﬁnbf %Rgall” c%[ifpgisglrgagt%lr-ﬁue%ylt Engl‘%&gr t?Q{cohol (Triton '
15 X100) and butylated hydroxyanisole (BHA).

Fig. 6 shows the rate of decay of Penicillium-inoculated lemons treated with an

aqueous emulsion of citral comprising polyoxyethylene sorbitan monolaurate
(Tween 20) and butylated hydroxyanisole (BHA) cdmpared to the rate of decay
where imazalil is added. (Imazalil is a fungicide, which is commonly used in the
S 20 post harvest protection of fruits and vegetables), '
Fig. 7 shows the rate of decay of Penicillium-inoculated lemons tfeated with a 25%
 ethanol aqueous emuision of dichloromethane crude extract of green lemon flavedo -
in comparison with imazalil 1000 ppm and 25% ethanol solution.
Fig. 8 shows the rate of decay of Penicillium-inoculated lemons treated with a 25%
25 ethanol aqueous solution of various combined formulations comprising citral,
l-octanol and dichloromethane crude extract in 25% ethanol from lemon flavedo
that, prior fo its use, was exposed to sunlight for 4 h, _
Fig. 9 shows the rate of decay of Penicillium-inoculated lemons treated with a 25%
ethanol solution of 5000 ppm limonene exposed to sunlight for 3 hours. Effect of

30 length of the dipping as well as the number of dips was compared.
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di pping in formulations of citral, and geraniol. Fig. 4 shov&sAérlﬂ%b te of
decay of Penicilliuminoculated |enons treated with an aqueous énul si on of
citral stabilized by 25% ethanol, amf 72 (20% of butylated 10

hydr oxyani sol e, 6% of propyl gallate, and 4% of citric acid in propyl ene

gl ycol), Moey@kstextrin and pol yoxyet hyl ene sorbitan nmpopimapoabe ( Tween
'20) as.conpared to the decay of fruit of the sanme kind with 5000 ppm of
Tween 20 without ethanol. Fig. 5 shows the rate of decay of

Penici | liuminocul ated | emons treated®ith an aqueous emul sion of citral
conprising octyl-phenyl polyether alcohol (Triton 15 X100) and butyl ated
hydr oxyani Jog-elQ shams. therage of dedayvof Renécilliamenodulated domanks treated with an

Penicilli i | .at.ed tr.eated wt [,Si itral
Pomei si ng RS SORHGS ok £ S RSt it i 40 05 S a17o a0 TasBetBe 1 af o
- hydr oxyani g6/ trdeBldtys S@may sigsa%&edtihi@gg@&tﬁmﬂﬁ. éﬁ@lﬁﬂnut%gf ﬁedtt‘i‘f%ﬁadv% i's

‘added. (lmazalil is a fungicide, wh I's comonly used I1n the post

har vest  pr dhiggelpden, 3UVE)vas cempared yithdlnee spnseBitive cheghinuie dipwinrthe e of
decay of Penicil, .uminocul ated.l ns treated w % et hanol aqueous
o o o PR AR RGeSl Bio B Ren bRy LAV 3 et Shagags | o

conpar i Son wekd onsRdPith a SR0A Wik R F5 Yrghiianol  sol ution. Fig. 8 shous
the rate of decay of Penicilliuminoculated |Ienons treated with a 25% 25

et'hanol aqfigodd Shewatthe atfedt ofdimenese dydtoperontideqprapdred by photoridaficai ng
citral, 1-0¢t I, and di ¢hl or omet hane, crude. extragt i.n .25% et hanol from

| enon fl av?avgtg‘ ﬁ%ﬁﬁ@ggr?ﬂo&ecﬁ‘%ﬂ#?tﬁ%ﬁe‘,’f W?ng.?’dB’élgﬂﬁ?'ﬁdéﬂ 4{ W‘BW- 4 h.

Fig. 9 showgihhm. rate of decay of Penicilliuminoculated |enons treated
“with a 25% “ethanol solution of 5000 ppm |inonene exposed to sunlight for 3
hours. K f Eig 13Shows theesffach oblimphencdiydpisyperasideprdpars witle a muotjisfatoof di ps

was conpar il 06 3/ 028451 .PCT/ 1L02/ 00808 -8 Fig. 10 shows the
rate of deg@yépﬁ%ﬁ%ycq%ﬁ?mﬂmﬁ&?ﬁﬁﬁe d" rﬁf’r’@g 84H M th an aqueous

sol uti on_okig2 39 CSHRRthé SRALBErftvelof (HE RBSe Behdal Fatht5G antt¥e ddladd oA i At ed

for three hours and then dissolved in 25% et hano e mnute p treatnent
with. thi sTwesnyt2bnon ( eviphytetexictnpefi deme t firuith rteeatedongitic utiineserene i nut e
dipsint spl ution with one hour period between these dips

- (3UVL3). ?%esma’?gig%f ffent s _

15 Fig. 14 Shows the effect of citral formulation on growth of Staphylococcus aureus
cells.
Fig. 15 Shows the effect of citral and sun-treated limonene on the growth of

Candida albicans celis.

DETAILED DESCRIPTION OF THE INVENTION

20 As stated above the present invention provides an environmentally friendly
_ microbiocidal formulation effective in ;ﬁrevcnting decay in agricultural produce, in -

household, for human hygiene and as a nutraceutical composition. The aqueous

- microbiocidal formulation comprises of as the active ingredient, at least one

. essential oil component or derivatives thereof obtained by exposure to light or by

25 oxidation, or mixtures of such essential oils and/or their derivatives, and at least

one additional stabilizer selected from the group consisting of ethanol in an amount

of from about 10% to about 50%, an emulsifier an antioxidant or an encapsulating
agent. The role of the stabilizer is to stabilize the essential oil components from

~ decomposing prior to performing their microbiocidal action and/or prevent and/or

& oo




were conpared with a dip inwater or in 25% ethanol. Fig. 1&)%9 t he
effect of |inonene hydroperoxi de prepared by photooxi dation ose
Bengal on decay percentage of lenon fruit inoculated with Penicillium
digitatum 10 Fig. 12 Shows the effect of |inobnene hydroxyperoxi de prepared
with a noMHHAEES! cat al yst on decay of |enon fruit inocRCHII@008)E h
“Penicilliumdigitatum Fig. 13 Shows the effect of renoval of the Rose
Bengal catal yst and the dosage of Tvvegn, 20 on the phytotoxicity of |enobn
fruit treated with |inonene hydroxypéroxide. 15 Fig. 14 Shows the effect
of citral faqrmulation on,growh of Staphylococcus aureus cells. Fig. 15

Shows the Efpes theophyiptoxigity apk] these-companiads. | Theo mierebionidah essgnigal ¢il of

o, i AT AT Tl N el 1 0

M cr obi oci staduiteppemss, aky gemart t@rpériedrivitivis Qe Rbh MpSRCRY vhtivea Bkl He t ur al
produce, i for human hygi ene and as a nutraceuti cal

[ househol d,
conposi ti oﬁfiehrﬁes aGU‘é‘(Bugf eepalhi gddolels fortarnlatnopanelhmand s phensiicais t he

active i | , . iak .ol |l coppone or ri.vatives
t her eof %g{cgﬁhggh b}/ﬁﬁég 1%%31% éﬁ P%bf"?g“ﬁf%o“r“ %}m?én%QEgé'f?dgﬁﬂr aBrcqfﬁcélY‘hr es of
such essentanabl aid mhibitddroof migobiadevielopiient All 38€nid! diEdmiponefts agsldi t i onal
~stabili zerwélgkl%%ct ed fromthe group consisting of ethanol i'n an anount of

from about own 48 dt H’]Qé%'a companents; Hyshgpldafrihex b stressed that all
encapsul atd T, . Ofs . abili.zer is Lo stabilize the
essenti al dg'iﬂﬁ) °Eg'gng§ﬁéhﬁt ih%fe ?%m&cgé%{))ﬁ%‘g?%f g“‘B‘!r‘ﬁg%Pfet%"B@ﬁ“[Sr ?ﬂdr%o PR%ei r
. microbi ocipat aaytham tndiohumaeviesdy. ©nd/ partiduldp Wille 2RRNONE340 28451
-PCT/ 1 'L02/ 00808. -9 recléﬁe the phytotoxicity of these conpounds. The
mi cr obi BciRIYFCHgs PrFLThaple, agricliyrb opreducy drose| desese apsedmby haicgehials. of

te | - d.t
or 1 vat | vecs Uil Bioaans map ol SRS bhe AFP e REIR e SO RE Moy o
nonanal ), btalspoilesl & a(resilaofahicrobialdnfettion, snh BRG] vgetbldohaunarfich) . The

aqueous m crobi oci dal forpul ati on nay be used for an effective
9 . dther potentuﬂ uses f[gy appropgate, ormulation may be in any case that an

effective protection from microbials is needed such as in household use, body

15 hygiene or nutraceuticals. For household use the aqueous microbiocidal
formulation may be used albne or together with commercial detergents. For use of

the c':omﬁonents of the essential oils or their derivatives for body hygiene, an

| effective amount of this essential oil components or its deri{rative may be
incorporated into soap bars, a cleansing formulation, detergents for washing dishes,

20 mouth wash or composition or a deodorizing solution or composition. An effective
~ amount of an essential oil component of the present invention, particularly for the
essential oils selected from citral, perillaldehyde or limonene, may also be part of a
composition used as a nutraceutical. Such nutraceutical composition may achieve
two gﬂ‘ects, namely protect against biocidal infections as well as yield additional

25 health benefit such as introduce anti-cancer activity. Several formulations of the
present invention comprising essential oils s_uc.:h as citral, limonene, geraniol,
menthol, carvone, perillaldehyde were found to act as anti-cancer agents and reduce
the level of cholesterol and LDL. Citral and citronellal are known to calm ahd relax
emotions and aid the body for proper digestive function. Such essential oil

30 components are known as phytonutrients or functional foods.

LI




control and inhibition of mcrobial devel opnent. essenti %ﬁ)éb
conponents are well known to be food-grade corrponents It & 96urther
be stressed that all conponents of the aqueous mi crobiocidal formnulation
are food-grade, and do not pose any harmto the human body. One particul ar
W de pot eMQ &2t is. for to protecting perishabl e agrpcoitoamehs pr oduce
from decay caused by mcrobials. Agricultural produce may include for
exanpl e any fresh food produce, mhich y be spoiled as a result of
m-crobial infection, such as fruits, get abl es, neat or fish. Oher
potentlal uses for aPproprl ate forrrul ati on may be I n any case that an
effective prot e2Mon fhemqw@lrwmcanmneatsmktWEMhe asior art hoefettive d use,

body 15 h it t | For . h | t h
et obi o) Baopeabt RS sl it daraRg rdictgReRErer L bor ci a
det er gent scorhpénenGausier ﬁbﬁmm@&l&ﬁs tﬁlﬁc}?ﬁlﬁﬁéﬂ th@ir ﬁ?ddnéai%e sgeir

~derivati ves faor bodéphy I ene fective anmount of I's essential oil
conponent sfasr Ong proklem, it W@CINQ@' with theic (hnptsdastdﬂhuynﬂoe 0 apypenation a

cheant i Eeb AR RHAGHG NN S

—t

es,
i Grind el o BPSh bRuBe o¥¥%e. | anount
of an esseThisglthélghGRSP AR )f)&énttlﬁﬁrdﬂi&ﬁ(%%twdsr%%' Qﬁ‘ect%fytﬁu%' hggly for
the essential oils selected fromcitral, perillaldéehyde or Tinmpnene, nmay
-al so be paes bmitgd d%%&sﬂhpﬁm%d of satherriarge quanitics of an Gserttiahadl imceut i cal

conmposi tio Vi Ccl, nanel t agai n bi, ogi dal

i nfecti ons&dgp%el?r%[bng %Igc\ﬂq’dﬁ%ﬁiﬁ Jf?ﬁ @?aﬁ%%?"taﬁ g%h@fﬁ%t: é‘ﬁwé’%&? nt r oduce
-ant i - cancedssediated with théhens: B %(fsﬁfefﬂﬂ falits Q0 Righf conBéhitraRbiRSE ksenfNISs] ON '
“.eonprising essent ial oils such as citral, Ilnonene, geraniol, nenthol,

car vonelo pRatigylaihy dhtiganixime dogyngt formetrealssalutian, cawseedamgents thend r educe
the | evel };}B ég'_ol esterol and LDL. Ctral and citronellal are known to calm
and relax “'enbtions and aid the body for proper digestive function. Such
essential oil ISkhsthesh GMRidwathat \Kﬂéﬂ/\ﬂhe%%eﬁﬂédtm&ﬁ oRBiItS aflap PH&% onal
foods. 4 ril 2006 WD 03/028451 PCT/1L02/00808 - 1 Sorme of "the essenti al
oi | .conporfBhi3siigs EORAGRGAL jof a micrpbicidal sempesitiast fagsthiey avithi at teastbenc ng

m cr obi al e I [ Q e., However tial oil.

conponent ?dgﬁﬁ? %fclh gr%alitl&oeg%h@#éfﬁ#g% 8%&cf %?om%e%%aéﬁﬁe practi cal
- use so 157 affecinemjuroibeidali congosidon & aﬁam& Whidheddes Inbit 4Rl afy @kthddel v, due to
oxygenatlon

the produce. These additives are selected from ethanol, an ant10x1dant an
emulsifier or an encapsulating agent. Each of these additives protects the essentlal
oils components in a different mechanism. The ethanol, which is bibcidal by itself,
is added in order to dissolve the essential oil component and prevent phytotéxicity
e ) 20 and should be present in an amount of from about 10% to about 50%. The
'- emulsifier keeps forming a microcollolidial solution that helps in the prevention of
the phytotoxcity of the essential oil components. The emulsifiers may be chosen
from the group comprising of alkylaryl polyether alcohol (DX), polyoxyethylene
sorbitan monolaurate (Tween 20),'polyoxyethqune sorbitan monooleate (Tween
25  80), octyl-pheny! polyether alcohol (Triton 100). Some of these emulsifiers are
food-grade, e.g. Tween 20. The concentration lo;f the emulsifiers should be above
0.1% (w/w). :
' The antioxidant reduces the oxidation rate of the essential oils leéding to
their decomposition. It further reduces the inherent phytotoxicity of the essential

30 oil. The antioxidant may be chosen from the group comprising of compounds such

2 -




5 process causing rapid disintegration of the essential oil %Aﬁ@a (ggposure
to oxygen.. Thus, although their use as potent m crobiocides Q own,
effectively such use was limted due to its short term Use of rather

| arge quantities of an essential oil in order to prolong its mcrobiocidal .
ef fect ul MG302%451 | eads to t he second drawback associ aberimnordsos heir use:
Exposure of fruits to high concentrations of essential oils, 10
particularly if the m xture does not forma real solution, causes danage to
the  produce. It has been found now ThAr when the essential oil conponent s
are applied as the active conponent of a m crobicidal conposition together
with at | edfsbutawe limiteditoi utylatedi loldraxyanisole {BE Ay astodsoheidsisodseorbisent i al

0i |l conpongnpts,.a stahl is effective,.m.crobiocidal gcanpqsition is
bt ai ned itk rBadiit Buffisd ‘?aYrﬁ‘&‘”ﬁ“g‘fC]rﬁ‘a@ . ﬁﬁ%ﬁ‘%ﬁ&éﬁew fe§ddi ti ves
are sel ectP@fdrfed MoRbdnBafbns Ath@BRhGFIARM theBrmSTHS bf g it are

encapsul ating agent. Each of these additives protects the essential oils
conponent sinjthe rngg of o maboutd:0:3% its abouT BEYe (Wah dhhe effactalf thesarttiogichnital by

itself, i.s _added.in order.to dj,ssol t he.essenti oi l..co nt and
:or Zvent -Splhétrg{ju&qgcth? Qﬁjﬁﬁtoﬁﬁgy gﬁh\sﬁfease\éﬁalﬁlg@éﬁ% ‘:ia?'f'l %I ﬂ?nnmm about
10% o abaulcifeflfs dEionstedd % Tubte KemBNifOE PRI Bk Aok Sl & sol ution

that helps in the prevention of the phytotoxcity of the essential oil
conponent shoiddeardersiopd grat Birkdy by ésalfidid @t causoanytemishoup conpri si ng of
al kyl aryl pol yether ,alcohol (DX), pol. et hyl ene sorbitan nonol aurate
(Tween 20), poﬁ%%‘éﬁ’#@}?‘hﬁg’d&%ﬂ%‘?ﬁwlmo| eate (Tween 25 80), octyl-phenyl
-—;gol yetT her a|280h?ﬁx%ﬁﬂéé&ﬁf%ﬁﬂber%@!ﬁﬁétwmé}%é?sc%@'Sifiherlsdalroe L ood-ggagoe/,-
€.g. Twgen : e ¢RI alnb dﬂﬂr e entulsifiéers shou e above 1%
(ww) . The anti oxi dgnt reduces t 1@ oxidation rate of the essential oils
| eading to their deconposition. It further reduces the inherent
{)Eyt otoxicity dhe _tljianisfhsnbtd & Ogﬁ@ tﬂt%s}i&'t&gﬁlgngtggﬁﬁv\%o g/a%rgggieﬁt@osen from
e group,conprising of conpounds suc ri : o
PCT/ 1. L0O2/ hesyand;i=spygre Rlsmishess t ed to: butyl ated hydroxyani sol-e (BHA),
ascarbic acid, Theas [ ACH —tﬂﬁﬂ I d hydr.axyt ol uene
(BHT), O-car otenBewg'rEt %io?anl?%xﬂxrt%gl-p r%&ﬁo%ked&ngg%e%g%ﬁli el%‘“ab t he
~ant i oxidar lemontfhet Kept a1 002Ci fon2@8ayishe i nvention are

Citral (_%) BHA (%) Peel Blemish Index
0.0 | 00 0.10
0.5 0.0 — [048
0.5 0.5 ~ 014
0.5 ) 0.1 0.05
o5 | 03 | 0.00
05 0.6 - 0.00
10 00 050
10 03 052

The encapsulating agents added to the formulation, complex together with
the essential oil components, thus preventing their degradation and prolonging their
period of effective microbiocidal action. The encapsulaﬁng agent may be any kind

20 of food gi‘ade matrix or polymer made of carbohydrate or protein or other matrix

such as, but not limited to comstarch, maltodextrin, B-cyclodextrin, silica gel,




in the range of from about 0.05%to about 0.8% (wv). The e.f'f&grh 8@6”‘6
antioxidant .s in reducing the phytotoxicity of the essentié’i |I2 or the
case of the addition of BHA to citral is denonstrated in Table 1, show ng
t he Peel Bl em sh Index, where it should be understood that BHA by itself
did not cAREUEGp| eni sh. The peel blenish index is dePETHAEWIDY | ndex =
"E(score X nunmber of fruit with given score) to (total number of fruit) 15
The bl em sh score is O=no bl em shes; 15 i ght bl em shes; 2= noderate

bl em shes; and 3=severe bl em shes. Tabl'e 1. Effect of a 1-minute dip of the

antioxi-dant _BHA gn peel hlem shes in_lenmon fruit kept at 20C for 20 days.
Oltral (o SERIboSoR and ik PheuesoLow. melectlan woiehiopalseibylse: @80, 14

0. 50. 10. 05 variBs WixA0nf) BB 8 Hlenb i§9- ith | ating
agents added to the. fo%rrul %t i onf)‘3 cgl%%?ag@n?@aéé?ﬂgr ﬁ\?mfiéﬁlt ‘?%eﬁggggﬁfi al oil
conponent s adding il doevariony waxeformdiagipmddtat did aod canpilisengiynfimpioiies peri od
of effective, mcrobicidal action..The enc u] ati ng agent may be any ki nd
20 of f.ood 68}&1&5’88& ﬁﬁte%eﬁt"gpcﬁoq#ﬂﬁl “hﬁ'ﬁ%"lﬁg %5'3 welbasphypedehh or ot her
matrix  suqieadditibybf BRflodekifid @it : I
- 0-cycl odextrin, sli | i cgf%%l , 4 rl|1£rg%([)tg@%/%)82908%%4@?%2@%@%?}165%08 -12
casein, chiadasgrofathel treatsid roranget fimie Preforad mohemtrationsnef (etenpapsylatiny | ene and
vari ous ey %t% :%I Sol%Ct encapsul atjngg materials. .In fact it was found
that addi Ag Cit ParoTS AR B i BRI arindbs ginge of Frompabguibl tadhest i se any
fungi ci des0.8% (w/v). .
The addition of an emulsifier reduces the inherent phytotoxicity of the

10 essential oil. This effect is shown by the blemish index of the essential oil citral by

the addition of emulsiﬁer as demonstrated in Table 2.

Table 2. Summary of trials evaluating phytotoxicity of citral solutions

comprising emulsifiers (1:1 ratio with citral)'.

0.5% Citral 1.0% Citral
DX o 0
Tween 80 0 0
| Tween 20 0 0
Triton X 100 ¢ 0
" 1 Gelatin 1.0 ' 14 .
Sodium  lauryl | 1.3 1.6
sulfate (SLS) ' )
| Gum arabic 1.2 - 1.9

T . o . . . "
15 The fiuit were dipped for 1 minute in the emulsion and then kept for one month at 20°C.

Phytotoxcity was measured as in Table 1.

It should be noted that in addition to the at Jeast one essential il component,
its derivatives obtained by exposure to irradiation or mixtures thereof, the
20 microbiocidal composition may comprise another biocide in a very low

concentration. Such a low concentration of the biocide is not sufficient to prevent

2




enhanced the effectiveness of citral -in reducing both decay a@ﬂgg‘# as
phytotoxicity. 5 The addition of cyclodextrin to citral res %o I n
longer life of the citral on the surface of the treated orange fruit.
Preferred concentrations of the encapsulating agent in the formul ation of
the i nvenQ¥W03$481in the range of fromabout 0.1 to aboPCT/HO2@SE% (W V) .
The addition of an emulsifier reduces the inherent phytotoxicity of the
essential oil. This effect is shown bﬁ the bl em sh index of the essenti al
oir'l citral by the addition of enulsi P&t as dempnstrated in Table 2. Table

2. Summary of trjals evaluating phytotoxicity of citral solutions _
conpri si né"%‘f'FB#’@l 3?@?&@ 0216 pwh; Bowpves topether yith the esgpntish gl phithe 0% G tr al

DX00 T F « Tyl hatinl. 01, 4 i auryl
D32, 6 oul Pavar et B Bt e Bt 2 eRE Sl ol e oSG
mnute in limdirgratandes af dudthhivcideptmdyo be dRRzAM tHabthd206, pafibitael OXcity
was nmeasured gs in Table 1, It should be noted that in addition to the at

| east one nﬂ’foﬁll%‘"iﬂb S@éiﬂlﬁbr‘i’EHPthb’h?h%Pé%i W@!E’WIS Rbb@%ﬁn‘_ﬁd_cbpta&x posure to
Lt 2 ORRRNS 0TSy ORSTRLOE, HORETAR
- concent r at iriforind, catbendiizimj giademinoqt viaelbfdlin eBlcoi2olk] oV ailkud Mefdof 2006 WO
103/028451 J[D'h%Téolnlégnzt{'act)i%g %? such added pesticides may be from about 5 ppm to about 100
ppm. The use of such a composition comprising a combination of an essential oil
conipon’ent or its derivatives obtained by exposure to irradiation of light together
- 10 with a small amount of fungicide will enable two important benefits:
- 1.Reducing the toxic residue of the biocide, which is an important demand
of all health authoﬁties for all toxic fungicides. |
2. Controlling the development of resistance of the pathogen to the biocide.
- This specific point would be achieved by the use of the new formulation with or
15 without the biocide component. In fact use of a different biocide, which may have a
different mode of action, ‘even for a relatively short time, is considered the
recommended way of controlling the resistant population to biocides.
The essential oil components according to the present invéntion may be
| produced synthetically, or may be a plant-extract preparation comprising a plurality
I 20 of components of essential oils, i.e. mixtures thereof, It maj also be a purified
| natural essential oil preparation enriched with a single essential oil component or
any combination thereof, Preparatioh‘s containing natural essential oils may be
produced from various plants such as citrus fruits, lemon grass and eucalyptus
trees. Particular non-limiting examples of essential oil compounds are citral,
25 1-octénol, heptanol, nonanol, geraniol, octanal, nonanal, decanal, peril[éidehyde,
perillalcohol, citronellol, citronellal, carvone, caiveol, linalool, vanillin, cinnamic
aldehyde, cinnamic acid, eugenol, menthol, limbn_ene, carvacrol, terpineol, thymol,
vanillin and camphor. In cases according to the invention where the essential oil is

derivatized by exposure to light, such derivatization may be done on synthetically

30 produced essential oil, on naturally extracted essential oil or an a crude extract
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-13 m crobial damage on its own, however together with the '?\seg%d' | oils
of the present invention or their derivatives, the m crobi Pl a@ may be
prevented. Non |imting exanples of such biocides nay be imazalil,

t hi abendazol e, panoctine, rovral, prochloraz, sodium orthophenyl phenate,
met al axyl WHRESHEY| - Al , captan, 5 oxyquinoline, dicl orapCtiEnzeisésoni um

~chl oride, canon, thiophanate-nethyl, triforine, carbendazim triadem nol,

vincl ozolin, etaconazole, or mxture gereof. The concentration of such
added pesticides may be from about 5 ppmto about 100 ppm The use of such
a conposition conprising a conbination of an essential oil conponent or
its deri vafPRREsiahapluselify 9 cesepiind wileIn dhejlattesghser posonmorg ¢sentiabgids her 10
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may have a differen ction, even

consi der edcdrhponene op raTeiad estiveathedof cabiiingd IbyNErddRtion esf HoRMtwioRW ation to
bi oci des. The essential oil cqnponents according to the present invention
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- enriched wilsb, thesmigire a5 be prepared in hEMBANSTTa Rfuid aRYasCaATRérB@liwN t her eof .
" ‘Preparations_ containing natural essential oils may be produced from

var i ous!Op| 3Hng Bep-toxicsbases ina syifabler amoyns g megsledsanduarg addedipy pprayed t r ees.
Parti cul arfoﬁﬂﬂéﬁoﬁﬂ}:ﬁﬁlﬂﬂxﬁg&% T les of essential oil compounds are citral, 25
eptanol, ronano geraniol, octanal, nonanal, decanal,
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| i nonene, .3CHIEYS @p Gffectcan gasilidie detqsgiinsd by the artisan in eash caserasdalepends cases

i mone: St 7 . ol cosmmpiloiepends case
oxposur o i plepe PYSRenl AUGE ST ER 0 b hercht oCanpHATHLERT Yo

produced guemmstionl loithe case afzittal @k gyraaiol,r ciffedties a@bintahngts lbefeean a crude
extract 4 Apr id 509,? . '
- about 0.1%-1%, particularly 0.2 — 0.4%.
The formulation may be applied to the produce to be protected at various
times before and during their storage. When the formulation is applied to fruits, it

will preferably be applied prior to packaging, e.g. after harvest. The formulation of

S 20 the present invention may be applied to the produce by any method in which the

produce will be contacted with an effective amount of the formulation, i.e. an
amount that will inhibit its infection by microorganisms throughout the storage
period. Examples for application methods are dipping, fumigation, spraying and

~ foaming the fruit in the packaging house. Another method could be by
25 incorporating these materials inside a wax emulsion. In fact, as fnentioned
previously, the wax emulsion was a suitable sol_vént for treating several citrus fruits.
Another method of application is by fumigating the fiuit in a relatively

airtight chamber utilizing the volatility of many of the active materials ‘sﬁch as

citral.




WO 03/ 028451 PCT/1L02/ 00808 -14 conprising a plurality of eii@ﬁ%@ﬁ oil. In
the latter case, one or nore essential oils may be derivatrz I'l e ot her
. may be unaffected. Furthernore, exposure to light nay be done either prior
to the extraction of the essential oil conponents fromtheir natural

- source or W $@284Fhei r extraction. According to the presear/mopvmsnst i on, a

m xture of at |east one essential oil conponent or a derivative thereof
obtained by irradiation of light with_the enulsifier and the antioxi dant
may be directly added as an anti m crofPal conposition to foods,
toiletries, and household articles for m crobiocidal purposes. Also, the

mxture may be PREPHTRAgsibls method Ermpplicationineayi ke dnmedy laadiag thesstivey t o
ddi : ' - ' nt ded d dded
oo by o Brfel PR Sk hefublich? Bodh R e ARG Ran BROAREE A oot one

essential niateriabequithabsbrineecatiart D0%artts fin Bif Reive GidferRBSindhoke
determ ned by the artisan in each case and depends on the type of
essential e agencapsylaigd gty Hewgsemwhen the amabiegsghunaidity of this matesiall 5

preparatjo L, ot ey rapniql . an ekfective upt ranges
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appl i ed t othishie tier sitiaten wherbthe it ie @heldsedlin \Gastdr@ktSrool 6FEin g Lentgingnd during

their storﬁ\‘ggi. V\her}@ére formulation is applied to fruits, 1t wll

pr ef er abl y'Yeng Asrishagleagriculipgl peadugeithay is eoptinugnsly transpitingt Suchan

. formulatio : e | ' applied to,1he produce by
any net hodébip ﬁEﬁ?c@ﬁlg&g%r%%g&\%%W%éé%% REQ& gwc%hexghfnég *‘E‘@Fﬁ ve anount
of the forproteatiorofiomideeay. an anount that will inhibit its infection by '

@i croorgani sms _throughout the storage . period. Exanples for application
met hodsfar e di &%‘Frfa{fglfqmﬁﬂg@w also b§ﬁPﬁW£@aﬁW degradablyypelymers; wihichi n t he

packagi ng d}gﬁ% : : ( Y. ' rating.these ‘
" materials insi ggelﬁﬂﬁiﬁgﬁél%g.ﬁf%s%a%ﬁ&acg ﬁ%@%@%ﬁl e%?vé@%@lgﬁ, t he wax
enul si on wako thepuoduabl e sol vent for treating several citrus fruits. :

Anot her net hod ,of lication is by fumgating the fruit in a rel_-ativel'y
ai rt.i ght chaméccﬂ‘%r'% pal ?ﬁb‘: PR iiention, thef PRapl the oilh dorsmMatin isateri al s

such-as  Gréfeaibly #idPbit'mA & be basic with a pH value up 10 9.

15 - As mentioned, the aqueous microbiocidal formulation should comprise a

stabilizer for dissolving the at least one essential oil component. In case the
stabilizer is ethanol it is shown that citral at a concentration of 0.2% was much
more effective in inhibiting decay of non inoculated Washington orénge fruit when
applicd as a formulation containing 10-50% Ethanol than when applied, at the same

20 congcentration, in an aqueous emulsion (Table 3; see also Examﬁle- 4).
| Table 3: Effects of citral and 50% ethanol on decay percentage of

non-inoculated Washington oranges (Numbers = % of rotten fruit)

------------- Months of Storage-------—-—-
- Treatment ' 05]1 |2 |3 4
Non-treated 5 [8 {20 |29 36‘
| 02% Citral, 0.02% emulsifier in water , ' 0 |8 |28 {35 |48
| 50% ethanol in water 10 |4 114 |20 |23
0.2% Citral, 50% ethanol in water 0 [0 |2 [3 |3
Imazalil, 0.2% in water 0 |2 5 8




WO 03/ 028451 PCT/ 1 LO2/ 00808 -15 Anot her possible nmethod for "ZRI? 28@@' on may
be done by loading the active naterials on a silica gel ed for
dryi ng agent or as an absorbent. This material could absorb nore than 10%
of its weight in our active materials and hold then as encapsul at ed
entity. Hovessarsiswhen the anbient humidity of this matepcahrSnssoses then
these active biocides are released and the water is replacing them |Indeed
this is the situdtion when the fruit is enclosed in a storage roomor in
any container hol ding perishable agriléuttural produce that is continuously
transpiring. Such an application could give a controlled slow rel ease of
the fungicide eh?awldinixgl | ongrerked ptantage tto dhe braﬂmnelenmmall;l@ss]ih'at&iownm ation

| b dv | d bl | , . Whi ch th
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formulation is preferably acidic but may asic wth
to 9. is Asssastal ois et apphed atqahbudyhngir@incm:mdahs f0aF ol %) ktmwmincthéd

conpri se_a it@gl |zerdfr&] i ssolving the at |east one essential oil
conponent . 4t il copsiderayle flamages . i s ethanol it is shown that citral at a

~ concent ati on ofndbih YIS i eBEht Vel RGP DhARLIRGRY of non

i nocul ated Washi ngton orange fruit or mul at'i on
‘cont ai ni ngalimtﬁls%'mnast@ti int tharpaskieghaysed (reshlts showhdn sables 3 26d dpaednt r at i on,

n an aqueo emul si TabI e S al so 4). Table 3: Effects of
l:l tral gﬁd W%‘{gﬁa h 8@??5%'15@ Wt’é‘&es%?"’r;‘?' ’g]i‘F exesiment avithvbahi ngt on
oranges ( Nppper ﬁlowe%)aoéodd%hﬁﬂl o b bdaj ajor a’[ﬁo‘ ens (_c)ifS eé)gg{@kﬁ%glf otrytis

tral, 0.02%

. Stor age------------ Treat nent 0. 51234 at e
enul si f iter cingrequard Ae2888 4feB0%4%. et hanol i n wat er 04142023- 0. 2% Gt raI 50%

et hanol in water00235 Imazalil, 0.2%in water02458 4 April 2006,

Table 4. Effect of limonene exposed to three hours of sunlight on decay of

kumquat fruit after storage for 11 days at 10°C and shelf life simulation at 20°C for

6 days.
Treatment _ End of storage
Water dip 120 b
Ethanol 25% o 79 ab
Limonene' | 16 a
15 5000 L L exposed to sunlight for 3 hours in 25% ethanol + 5000 pL L of TWEEN
) 20,

Quantitatively, thc essential oil component, limonene, whlch beiongs to the
fa:mly of hydrocarbon monoterpenes, comprises about 85% of the essential oil
components present in citrus, Limonene as such, however, is ot adequately active.

20 Notwithstanding the fact that it is not active it was found that limonene rhay serve
as a precursor to a very active microbiocide by exposing homogenized fruit peel to
sunlight followed by extraétion of the oil with an organic-soivent_ particularly by
dichloromethane, hexane or ethylacetate. The same effect may be achieved by UV

~ irradiation of limonene after its extraction (Figs 9 and 10). The same applies to

25 synthetically produced limonene. Furthermore, limonene may also be oxidized




WO 03/ 028451 PCT/1L02/00808 -16 In addition, no marked damagg\tig éj&e
produce, normally associated with essential oil application, 2 % rs. In
the presence of 10 to 50% et hanol the essential oil did not cause
phyt ot oxi c damage. The damage does not occur even when the essential oils
are appl i 80 a¥0288l ati vel y high concentrations (0.5 to 1¥cThmowmsosn the 5
art to inflict considerable damage. The effect of such formulations in
reduci ng decay is thus denonstrated with all citrus fruits tested in the
packi nghouses (results shown in tabl ed73- and 4) and wth mango and bell
pepper fruits (data not shown). The experinment with bell pepper showed a
good cont r #FN&f camygntipuabroxidizing gegentsofOnre padiculan darbmitingBexamyple sis t o
. cinerea an t ri Il t ernat a. ble 4. Effect of |inonene exposed to
three hourgeg Oggéﬁfsicaﬁ%ﬁgnﬁa%ﬁ@y%%% i uat fruit after storage for 11
days at 10C andThbehfmickdtoGdandcabid g{ D st indeMNS maj " ;ﬂﬁlet End of

storage Water dipl2.0b Ethanol 25%.9ab Li m)r]e_net_l. 6a 15 5000 L. 1"
exposed t o limgneieyera ¢yde sxirasy pE esspntiab vile comprising 050 G0bstantial smaint BAEEN 20.
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adequately, active. 20 Notw thstanding the fact that it 1s not active it was
found that mdi?élﬁﬁﬁ’ghﬁhty serve as a precursor to a very active m crobiocide

the ol wi th ansadb gl ik  BF et Ranohet , o i et thaf i hewane. or
- et hyl acet apleoto-dRilatiemnthaefdr@s fa high Qﬁiv@%ﬁﬁﬁmgﬁ‘b mridlYSudh 4 adiedbl MRy Of o
. I“i nronene after its_ extraction (Figs 9 and 10). The sane applies to 25
‘synt het it aP shagactrrized @s theraomnonentthatgivas mwrle cplomimtheevaniljn-shipbutie oxi di zed
4 April 20084 test (heréina‘.ﬁer “vanillin test”) or preferably by blue fluorescence obtained as
a result of irradiation by a UV lamp. Although this test may react with other
terpenes and their derivative compounds the specific product of limonene may be
characterized by its typical color and its retention ratio, - Ry on the chromatogram.
15 Photo-oxidation may be d(_)nc by either exposure of the limonene to ultraviolef or
white light or by its exposure to sunlight. In these three cases the obtained material
‘had the same retention time in HPLC. These materials gave the same purple coior
in the vanillin test and the same spot on a thin layer chromatogram plate. It thus
may be concluded that all these paths of exposure result in the same material, It was
o 20 found that chlorophyll participates in the photo-oxidation of limonene to the new
product that gives the positive purple color response in the vanillin test. This
material showed a high antifungal activity in the bicassay of inhibition of
elongation of conidia of Penicillium digitatum. The resulting activity was much
highgr than that of scoparone of scopoletin, materials known as endogenous
25 phytoalexins of citrus fruits, or than that of citral which was known as the most
active constitutive antifungal material in lemon fi"uit (Ben Yehoshua et al, 1992)
Another observation showed that this material induces the resistance

mechanisms of the citrus fruit, such as the elicitation of the accumulation of

phytoalexins_ (Fig 1). Treating uninoculated lemons by injecting 5pl photo-oxidized |




WO 03/028451 PCT/1L02/00808 -17 using conventional oxidizi ng‘&%ﬁ%é One
particular non-limting exanple is heterogenous catalysis using m)? ybdat e
salt. Thus a mcrobiocidal according to the present invention nay conprise

| i nonene or a crude extract of essential oils conprising of a substantial
anount of W&I¥@2s45hene that were irradiated by |ight. |t.pehohaodoe not ed

t hat anti oxi dants shoul d not be used when using such derivatives of
essential oils that were exposed to irradiation of light. Such an exposure
of the linonene to irradiation | eads“‘t1§‘rapi d photo-oxidation that forns a
highly active antifungal material. Such a material may 10 be characterized
as the conpbwasne inkathe glbede tigauejust bebdvo the finvietle, eliaitéd ini thessiémbnsthe aci d

test (herej "vanillin test) or. preferably by blue fl
ot i nod oBroot i of Bgproht b Rianaline 16 lhels adpda Knprnt £ Gokost may
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product of |inonene may be characterize | Ical color and its
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by either e e .af nene,t o ul iglet or .white light or by its

he. i t.
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the vanillin test and the Sane spot on a romat ogram%l ate. It
thus may Be eodageneisd resisfance| mechassmpaethitols s us estiosaul by ithe t he same
material. )t wa§.20foundthat rtjicipates in the

hl hyl. | .
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-antifungal activity in the bioassay of inhibition
of Peni ti | i in lessgirotected(Figry. Incfact thinlpwere résistdnge vhigeliove fruit Wagleen t han -t hat

ongati on of conidia

s, known as. endogenous .25 phyt oal exi ns

. of scoparone.or sgopol etin, terial ) C S
of citrus Prifts 0818'9 CFHW?@@FCSEWMPJW& ﬁ‘%@‘g RebAligs thehsmeo s t

active corgblebtivtd ¥8pcHRE ((FisD IR ProBibSy Hid! ci#lsihﬁg?@} Plglﬁﬂﬁfthéml%ﬁ%aﬁ“a et al,

1992) Anot her observation showed that t nduces € Tesistance

- mechani sneosfinduse tbe tproductioniaf, the vahillis pobitive | sdctivé atdtaial. OF udtiiemagcunul at i on
of hyt oal i ps, (Fi ..Jreating uni noculated | enons by injecting 51ii
pry 3‘.“%% hi g&“lc%le}s)zeﬁ§ot scopgrone {t])ver 18(50 pglg tresh wg/ight)Jand of J

phot o- oxi
15 scopoletin (over 200pg/g fresh weight) were found after dipping inoculated fruit in

the crude dichloromethane extract that prevented decay (Fig 7). The phytoalexins
level found was several fold of the amount required Vto control completely the
pathogens. Thus apparently, the formed limonene hydroperoxides form reactive
oXygen species, which elicit the immune system of the plant. Such reactive oxygén
20 species effect the pathogen as well. These reactive oxygen speciés have a short life
and decompose well before the fruit is distributed to the market.
An important éspect of this new invention is that the decay control of the
' pathogen is achieved by both a direct inhibition of the pathogen as well as by
eliciting the endogenous mechanisms of the plant resistance. Thus, sun or UV -
25 treated limonene or the ‘sun treated crude extract exerts both direct antifungal
activity as well as elicitation of the endogenous resistance.
It was previously reported, without any relevance to the antifingal activity,
(Schieberle, P., Maier, W., Firl, J. and Grosch, W. 1987, HRGC separation of
hydroperoxides formed during the photosensitized oxidation of (R)-(+)-limonene. |

30 J. of High Resolution Chromatography & Chromatography Communications p.

[




WD 03/ 028451 PCT/1L02/00808 -18 |inonene into the al bedo tiﬁ%gﬁizéd§t bel ow
the flavedo, elicited in these | enons the production of scoparone and
scopoletin up to levels adequate to protect the fruit fromthe pathogen.
Simlar results were achieved by injecting the dichloronethane or hexane
crude ext r@P3/@f4Stenon fl avedo that was shown to prevenrcummagoedss conpl etel y
(Fig 7). Simlarly injuring the oil glands or injecting |linbnene into

al bedo tissue of mature green lenons resulted in a very inportant effect of
eliciting the endogenous resistance n&chani sms of citrus fruits as shown
by the accunulation of scoparone in Fig. 1. Such injury of yellow fruit
gave nuch 1P8tkthat irradigting Emoneni nrgdudesivaniovs percxidestly isofovf shawn thafthet s t hi s

resi stance g on older tao fruit is |l.ess protected (Fi . In fact,
this | oner félglzerast %ﬁ%@gg X8 | o%%f rditt Wty 8isﬂ eiPe {l\q?@_?&éi@ﬁ‘éri ments.
| nt er est i ngHyydropiessiden gIRCHRY- méﬂtﬁh—@,;ﬁidi&iei ﬁh}}(d:&ﬁk%ﬁéé}‘ﬂmmlpeﬂsﬁﬂﬁ& response

- (Fig. 1). Probably the citral injection unli’ke the linonené did not induce

t he pr oduct®:8wlicae 2 erengroxidy; ang 628,4R yp-mesthiav8-dicne 2 igidrofeontidemapr e nuch
hi gher |1 bat h..sconar.one er 100 / resh wej ght) and of i
sl:gpol et ?X(Bl(‘ ?)'\S/égasﬂ Jﬁtgﬁegg}lg glgg lwgéﬂ?ﬁoﬁé&@g&agﬁl‘eﬁfﬁn iﬂ‘lgﬁ"ﬂ?ql?g ?locu: Zt ed
fruit in pheemeud® titise hhyadiepasiane i the Siﬁhdfaigat liRbfMRN e Ane ese¥ent F1 9 7) -

The phytoalexins |evel_ found was several fo of -the anmpbunt required to
control coMYERIQN yas penfirmed thyggasschromategrapiamess: spectrometry andrdliicléanonene

hyd ' ti ' which elicit the i
Syt omof MBI ORBRERE ifes RRERRR JHSOSE: uFceeal srfenlion Areili hogen as

_wel | . Thesprocehrt ighingo Kighedonbafeiions bRHPdrapsbatss Wal AevabstddnfrTROSe el |
- before the _fruit is distributed to the market. An inportant aspect of this

new i nvéht Rese Bengelasithe ertalyst os poiévaterithat reised the oppgendy she feactionitodhed by - bot h

a direct ighihi gl f o (o[=TaWF- s .l _as eligciting the endogenous
mechani sns&?{&t tkllée‘}églogngtlﬁéi %spﬁégﬁbzﬂlhfhn@s\l\ﬁn%@ﬁoc&a resggs t‘?é&f’g}ﬁ ffqem)nene or
- the sun trEmbeshecibeitg eshveret exeties RAidpedxidRs! B! ihiigal of afkie/i ty as
wel | - as e'%fdigt atiqn of the endogenous resistance. It was previously

report ed, PRSTAXITVaseyeEy, ahective dn coriralling desay of ingsulated lemong Suéni eber | e,

P., Muier, | ] , W 1987, HRGC separation of
hydr oper ox?tyl“eesd(ggéén%fc?ggg?ﬁ%ﬁ%éfghot osensi t.i zed oxidation of
| (CE) - (+) 4 | nonerxperdfierits dofie tegly Spaothdt ifaRe (ude BRirsdoARIPhSpddl bp i@t 0gr aphy
mruni cat j ons_ p. ) ‘ .
' | the extrgcted limonene was not irradiated or exposed to sunlight, the resulting

limonene solution was indeed not adequately active and too variable for inhibition
of decay. The decay in such cases developed as if the fruit was not contacted with a
microbiocidal formulation at all. Thus the antifungal activity as well as- the
3 20 induction of the resistance mechanisms as shown by the accumulation of the
‘ scoparone is related to these hydroperoxides of limonene. |
| Exposure to sunlight or irradiation of the dichloromethane or hexane extract.
of lemon flavedo should be conducted for 3 to 6 hours. The efficiency of the extract
hydroperoxide formulation as a biocidal composition grows with longer periods of
+ 25 exposure of the fruit to the hydroperoxide solution. Dipping inoculated fruit in a
hydroperoxide solution (limonene exposed to 4 hours of sunlight) for four
consecutive periods of 1 minute each resulted in the prevention of decay of
inoculated lemons kept at 20°C for a period of over three weeks (Fig. 9). The
effect of exposure of limonene to 3 hours of sunlight and its efficiency as

30 preventing decay compared to no treatment (dipping in water) or treatment with an

e -




4 April 2006 WO 03/028451 PCT/1L02/00808 -19 588) that i rragd' tigg i nonene
produces various peroxides. It is now shown that the forne 'ﬁ% %eoxi des,
and in particular, (1S, 4R)-p-nentha-2,8-diene 1-hydroperoxide;

(1R, 4R) - p- ment ha- 2, 8-di ene 1- hydroperoxi de; (2R 4R)-p-nentha -6, 8-diene

2- hydr opeaxdadesssand ( 2S, 4R) - p- nent ha- 6, 8- di ene 2- hydr opermxpoosay 5 be
"used as effective biocides in the aqueous solution of the present

invention. The presence of these hydrgperoxides in the irradi ated |inonene
of- the present invention was confi rn’@Q—by gas chromat ography nmass
spectronetry and Nuclear Magnetic Resonance studies (data not shown). In
the pr esenlek{hﬂw énlution (25%barelsumpraticetiin ablyi 4 ingedmgbreind like atpeginicans of

hyd ' ith the 1o Rose B t t
oot vnt o B BRATHER Shrlitntrs, o meburd sororty paohdo 00 er 800y e1 *or
singl et oxpg@mn uéétdslfbﬁﬁmaiéﬁmilﬂé&ﬁ@%n%r%ot Solirth tﬁ{}ﬁéﬂ @éeh yﬁély;)m“e“e

bei ng converted to the hydroperoxides. e mxture o ese per oxi des

‘was very efowerted dndyced gmodustion mf stepayneohnd soopoletineid Valemvies freiteon at t he

dosage of 0 Fig, ,11). ,15 erinments done clear)Jy show that if the
crude extr é’g‘g i%ﬂ Qg]? Q’ieﬁ’eresg‘é‘%d dseay fl?t( lﬁ@'”étx‘ﬁ’ﬁ%lbf"‘é’é]“lF‘Te & dgdaim

i rradi at edamrmgqggahgtﬂéggnitayt, the resulting |inbnene solution was

i ndeed not adea;atel y active and too variable for inhibition of decay. The

decay in such dagessparetectxpermentsbath cittaband st trewied hmbnenenidisssleet i t h a

- m crobioci rmul ation at_all . .Thus. the. antifungal actjvity as well as

“the 20 | ndg%%i %tﬁan(’é')b glhoé" egi@?%ﬁ%énl c%'ﬂ'&n‘?efsﬁ%"dé‘g Bagﬁ‘?ﬁ?nb&“fil%"él@@unul ation
of the schpbiantorowinedpingeuliled bhagsp.hydr oper oxi des of |inonene. Exposure
- to sunlight or irradiation of the dichloronethane or hexane extract of

| enon f lavedo s6ueenveatienshduethedi of ovonBolling6ddvayiria. cifthe patifingliomsssy of t.he
extract hydr. i.de fornulation as.a biocidal, conposjtion grows with

| onger per%logﬁ(f%gg#géjgr XSBPIPRIS fnat gre aﬂﬁ”u?ﬁ@%ﬂ@ﬁ%?’ﬁ%’é%@%e“@ol ution.
Di ppi ng i ninclulied adtHer prickenit YoRnulMGH BRSEERHGHE réabiég.i%h(é&ﬁpaﬂﬁ&gem%xposed to.

4 hours of sunlight) for four consecutive periods of 1 m'nute each
resul ted i§¥%w8 ssheveikberetic atidd @dagichiproatetisc atiditasetaldehydes chitgsanadr 20C for a

o8 S BB Gobh  bil fh o Z°5 o sPSRARE Bl 'O
15 such as acetic acid, propionic acid etc. These compounds might be part of our
environmentally friendly new formulation. In fact recent data demonstrated such an
activity, In fact lowering the pH of the formulations down to 2 or 3 helped also the
control of the pathogen in inoculated fruit experiments. '

The invention will now be illustrated in more detail in the following

o 20 pon-limiting examples with occasional reference to the annexed drawings.

EXAMPLES
Example 1

. Minimum Inhibit_or_y Concentration against P, digitatum and Mode of action
25 of essential oils as compared to imazalil.

The minimum inhibitory concentration _(I\.JEC) of aver 50 compounds that

were found in the oil glands of citrus fruits was evaluated (in vitro) by establishiﬁg

- the lowest concentration of the compound where no growth of the pﬁthogen
occurred (in yz'tro) in Petri dishes. Table 5 gives the MIC of the more promising

30 compounds (_as compared to imazalil). The requisite amount of each of the




30 preventing decay conpared to no treatnent (dipping in'wa {?(?]
treatnent with an 4 April 2006 WO 03/ 028451 PCT/1L02/ 00808 !e anol
solution (25% are summarized in Table 4 in a conmerci al Ilke experi ment

wi th uninocul ated fruit. Furthernore an orchard spray with 5000, 10, 000 or
20, 000 ppKP4YEBEs fornul ation of |inonene in 25% et haR6I/Mgaesss on t hat
had been fully converted, induced production of scoparone and scopoletin
inValencia fruit on 5 (and oft) the zee, reduced decay of this fruit when
i noculated with P. digitatum after i} lv_est (data not presented). In a

Separate experine oth cit and sun treated |inonene (dissol ved |n 25%
et hanol ) s 890@8“%315&&%9&88@ l%ﬁplvr:‘ém £ rhaediene, yas addadhtoq darleRate i

her bar um grg od of

Cont rol 11 TG oRAEHE S FROEbd dediGe RERPD IR0 kS8 nds «nat
are al so enVinabcomsentition 6ff § mechl, Thedishreasn@htly bgicdsiiRtensite taverk esent
formul ati oraé%lilolallecg i cal reason Such conpounds are calciumsalts,

gi bberelic tiog o} the; (e icompe W%@?@Mt@@éﬁi@éﬁt The digheswase _
chi t osan s pligheulafd ﬁﬂﬂged‘h{gégia?%&f ($Hh lcﬁt ﬁ% etagsa é);f%tcoﬁn;g? rganic

acids IS such as acetrc a proproni “m ght be
part of oudigitstum whivkedalot yeﬁlmgamdj:qrulaﬁm ey @diaDdiscs! weréwceaggent dat a

- denonstrated su atcritlvihké_l n fact Iovverlngthe pH of the formul ati ons
down to 2. §F %1 @él‘%@%"ha g5 and thesnputart 243C.Hungplinhibiston was meritaredit ed fr ui t
experi ment t ed in nore detail in the
ot . Sy EELARBE ALY gt 7

fol |l owi ng 0 non- occasional reference to the

- annexed draw ngé ﬁl@@kM@kIE&s rhader(Dl wird) tolinvestigatt Mibietbiet Me)nddRUFRBESAL i ON

‘f*agal nst P di gi.t atu Made ,of action. 25 of essential oils as conpared to
i mazal i I® ﬂg foneic: deP&‘HP%rtbe Bygeliah disgroigroquipmy)fram ey assagplatonpounds

- that  ver ewhouwagsfifed '&?a lﬁte%ﬂﬁﬂﬁn%g sP'PHA’Z!%lB{eH' vefe evﬁy{séjﬁcﬁd (in

vitro) by establishing the | owest ncentration ere no

growt h of giewtihaveotennexddcdayself Siowtl irésumed] thePedmpoudtidsh@s cladifide 5 gi ves.

the M C of .the npore ! m si
: funglstatlc, an growth 1 Svas not resumed it was classified as fungicidal. The

results are shown in Tables 5 and 6.




30 conpounds (as conpared to imazalil). The requisite aerunt4R‘§r“?65@ of the
4 April 2006 WO 03/028451 PCT/1L02/ 00808 -21 conpounds to be tested,
dissolved in 0.5 m acetone, was added to a sterile Petri dish (90nm

cont ai ni ng‘&llg m of nolten potato dextrose agar (PDA) (50C) to give a
final con®h3X3§#bn of 1 ng mM-'. The dish was gently apiTBpzedseso ensure an
even distribution of the test conpound and the agar was then left to set.
The di shes were s inoculated using a %cel ial disc (8 cut from an agar
plate culture of P. digitatum which ™H&ad not yet begun sporul ation. The
nycelial discs were placed in the center of each test dish and then put at
24C. Fungal inhibition was nonitored by neasuring the dianeter of hyphal

growt h aft A r.t. est S in vitra) to investigate

whet her t hylﬁ%ﬁ%ﬁ%@;%ﬁﬁlp%%dﬁﬁ e“ﬁ\%\’rﬁ%'? ma(gﬁ’r’mtf%r‘{@’)é’f’ﬁ’f ?‘ldll"foﬁés nycel i al
di sc of inetAktish fromthe assay plate wastransferred to a plate containing
just PDA. . Plates were then monitored for ~ growh over the next 5 days. |If
grow h resuned, Tesh€oopopadnd was cl MEified fungistati dModeef actiogr owt h was
not resunmed it was classified as fun ict.dal. The results are shown in
Tables 5 and 6. 4 April 2006 WO 03/ B’%é& 1388€T/ 1 L02/ 00808 - 22 Tabl e 5:

M ni mum | nhi bitory Concentration (NEC) against P. difgitatum and Modes— of
Action Test ConpoundM C Mode of action ng m-' agar

| mazal i | <0. 025Fmagaldi dal Decanol 0. 05602§i st ati ¢ Oct anol GFugioiigl ci dal -
Nonanol 0. 2Fungiﬁetc%1tl(i)lc -Citral 0. 4Fun8i0§i dal G nnamnal dehy(li:eO.AFungi ci dal

ungistatic

Octanol 01 Fungicidal
Nonanot 0.2 ‘ Fungistatic
“~Citral , 0.4 ~ Fungicidal
Cinnamaldehyde 0.4 Fungicidal
Perilialdehyde . 04 _ Fungicidal

' Perillatcohol 0.4 Fungicidal
~ Citronellal | 06 Fungistatic
Terpineol | 0.8 : Fungicidal

Carveol 1.0 . Fungistatic




]
E

Peri || al dehydeO. 4Fungi ci dal Perill al cohol 0. 4Fungi ci dal .
Citronel |l a)0. 6Fungi static Ter pi neol 0. 8Fungi ci dal Carveoll.oﬂﬁﬂEQ%Q%aic 4
April 2006 WO 03/028451 -23 PCT/1L02/00808 Table 6: Inhibitory Effects of
Vari ous Conpounds against 3 different species of G trus Pathogens in the
In Vitro R%P’J‘“Bﬁ‘fiﬁusi on Assay. GROWH | NHI BI TI ON AREA OPCTHER2PYSF$OGEN
(cnmR)  ConpoundGeotrichunPenicilliumilternaria Candidumtalicuncitri

| mazal il 8. 3Total inhibitiond42.8 C nnanpl dehyde24. 2Tot al i nhibitionTot al

inhibition Octanal 3. 62.65.3 Decanol 0. 95Total inhibitionTotal inhibition

1-Cctanol T ﬁbﬁﬁnﬁhqa't i onTotal inhjibitionTotal inhibition .

Perill al deﬁli? 1 ubitory Biteets pf oYamous Klempoundsnaggingt 3i diffeient speaics of
Citral 10. 60qt& pdidtehi I h iRt 1 al inhibition is the maxi nal
i nhi bition whi c%ddi%sgegg%tﬁgin}gw%éggr}[gh?"#lg@f%%g’}b«ssay Met hod Pot at o dextrose
agar (Difco) was GRYWITEHINHBIIIGNI AREADF THE PATHOGEW Ecm?® hen cooled in a

wat er bat tion by the addition of a suspension of
P. digitatum sp%PE’sP“PHdsteri | e Geatréghum o wake Rawicilliunal concedlterapiion of

spores in the nmediumat 104 sp H;;] The medj ym was gently nixed to
di sperse _spores evenly prior %"?‘a. spensi ng 15}a?ff7"'i"nto each” tm di anet er

~Petri dish. Five ng of each substance to be tested were pipetted into a

sterile 13 mmantibiotic Watman assay - paper -disc which was pl aced
centrally on the inocul ated agar o

Imazalil | 83 Total inhibition 428
~Cinnamaldehyde 242 Total inhibition Total inhibition
Octanal 3.6 2.6 53
Decanol _ 0.95 Totai inhibition Total inhibition
1-Octanol Total inhibition ~ Total inhibition ~ Total inhibition
Perillaldehyde Total inhibition ~  Total inhibition Total inhibition
Citral 10.6 Total inhibition Total inhibition

! Total inhibition is the maximal inhibition which is 62.3 cm?

Agar Diffusion Assay Method
Potato dextrose agar (Difco) was prepared and sterilized. The medium was
then cooled in a water bath to 50°C prior to inoculation by the addition of a

suspension of . digitatum spores in sterile water, to make the final concentration of

i) 10 spores in the medium at 10 spores/ml. The medium was gently mixed to disperse

spores evenly prior to dispensing 15 ml into each 90 mm diameter Petri dish. Five
mg of each substance to be tested were pipetted into a sterile 13 mm antibiotic
_Whatmah assay - paper -disc which was placed centrally on the inoculated agar
plate. Plates were incubated at 24°C for 3 days. Antifungal activity was monitored

15 by measuring the width of the clear zone from the edge of the paper disc to the area
of fungal growth. Values are for the radius (mm) of the zone of inhibited growth of
the 'pathogen on the Petri dish. Total inhibition means that growth was cofnpletely
inhibited,




pl ate. Plates were incubated at 24C for 3 days. Antifungal acti vi 5% was
nonitored by nmeasuring the width of the clear zone fromthé“%‘lﬂﬁ@ ¥ the
paper disc to the area of fungal growth. Values are for the radius (m) of
the zone of inhibited growmh of the pathogen on the Petri dish. Total
i nhi biti oV¢&¥#438&5t hat growt h was conpl etely inhibited. pdripridso2006 WO
03/ 028451 PCT/1L02/00808 -24 In other experinents (data not shown) it was
found that citral and other essential ,oils forrmulations were effective in
controlling growth of the fungi P dT&l4t‘atum and of the bacteria Erw nia

‘carotovora, a major pathogen of agricultural produce. Exanpl e 2
Unbl eni shed gr alfefthes expesimentsaldatasnas shbwoinit: wes Gounidathat citrdl and pther same  day

sorted agapflehdhit r r oglimnate jnjured fruit. The grapefruit
were was hg%a:l/\tnﬂlt] hcm? aéf)){zlgv\gfa {e%én%aﬁﬁlteaf’%c&ry Féﬂ.@ﬁﬁ ﬂ&%?\"{mt ﬂfehEWgPﬁgcul at ed
by pi er ci ndigittisim diideofatie bhditd Ervlinki 0arsl0eh o\ hiajct paRbed BEARANMAI NY three
needl es at tgree different sites. Prior to eacf‘n pi ercing, the tool was

i mersed i AP4Ypore suspension of Penicilliumdigitatum-(106 spores/n).
The inocul ated grapefruit were kept at 17C and 85% rel ative humdity for .
24 hours after which the grapefruit were divided into six groups and
grapefruit frorExaaphe Jroup were treated by dipping for two mnutes in: (a)
water; (b) 25%5%41?&0 Et ;. (c) 0.2% Geraniol in 25% EtOH;, (d) 0.1%
Citral in 25% m'(sgs grapefna wieks barvespab/dremaihe anchatd indostheGameal in 25%
EtOH. The It dn each qr.0 s neasur.ed on each day
after trea n%ﬁt{%ﬁ%%%nﬁ hethgtéésbﬁﬁté&;vped%ﬁﬁ nil-’H'anEli %‘.E)‘t'& © grapelruit were

washed with tap water and air-dried. Each fruit was then inoculated by piercing its '

10 flavedo tissue 1.5mm deep with a tool incorporating three needles at three different
sites.--Prior to each piercing, the tool was immersed in a spore suspension of
Penicillium digitatum (10° spores/ml). The inoculated grapefruit were kept at 17°C
and 85% relative humidity for 24 hours after which the grapefruit were divided into
six groups and grapefiuit from each group were treated by dipping for two minutes

15 im: (a) water; (b) 25% Ethanol (EtOH); (c) 0.2% Geraniol in 25% EtOH; (d) O.l‘%
Citral in 25% EtOH, (e) 0.2% Citral in 25% EtOH and (f) 0.5% Citral in 25%
EtOH. '
The percentage of rotten fruit in each group was measured oﬁ each day after
treatment and the results are shown in Fig. 3.
20 As seen in Fig. 3, control fruit (dipped in water only) developed decay
- rapidly reaching 100% eight days after inoculation. Decay of fruit dipped in 25%
Ethanol (EtOH) was delayed, but 6 days after inoculation a rzipid rise in decay of
the EtOH treated fiuit began and three weeks after inoculation more than 50% of
| the fruit were roften.

.25 In contrast, fruit dipped in 0.2% Geraniol and 0.1-0.2% Citral diséolved in
25% EtOH showed a lower rate of decay and on ;:he 18™ day after inoculation only
20-40% of the fiuit in these groups were rotten. The most efficient inhibition of
decay resulted from dipping of inoculated fruit in 0.2% Citral dissolved l;n 25%
EtOH which completely inhibited decay of fruit until 18 days after inoculation and

30 resulted in only 20% of the fruit showing decay as late as 28 days after inoculation.

e :
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“ Substitute fo g ﬁijhanol in the fornul ati on
Washi ng’cond?‘?g Y a

as fol | owspjckdebliBQat s

As seen in Fig. 3, control fruit (dipped in water only) dev I&??qu%ecay

rapi dly reaching 100% ei ght days after inoculation. Decay o

di pped

in 25% Ethanol (EtOH) was del ayed, but 6 days after inoculation a rapid
rise in decay of the EtOH treated fruit began and three weeks after

i nocul at i 3YP P12845t han 50% of the fruit were rotten. | necomoasos fruit

di pped in 0.2% CGeraniol and 0.1-0.2% Citral dissolved in 25% Et OH showed a
| ower rate of decay and on the 18 dayg%fter i nocul ation only 20-40% of the

fruit in these groups vvere rotten.

nost efficient inhibition of decay

resul t ed frrgmdl in i noculated fruit in 0.2% G tral dissolved in 25%

Et OH whi ch

B Hﬁ? th. A’Icﬁfﬂl wYas &ep kigk apd br thisrexperimentienhaiged docay alize éo

i nocul atioP tgsulted in only 20% of the fruit show ng decay as | ate as
&r I noc

28 days af

ilation. 4 April 2006 WD 03/028451 PCT/1L02/00808 -25 The .

dose of 0.5%citral was too high and in this experinment enhanced decay due
to phytotoxi ciéy. Exanple 3 5 Lenons were inocul ated as shown in Exanple 2

and treated wt

el t SR ooty s il bf BrblBie g dne e, BB on o

of the e
citral.

3wi thout 25% of ethanol to check whet her the 5000 ppm -

Tween 20 ewfthot@3% aeemrol 1 meclof;vheuhtemh 5008\gptntof A hsifibr PR&en) ed the
phytotoxicity . that .is usually caused by citral if not 10 di ssol ved by

et hanol .

Prath itapikizee themantifingal agtivity ©f eitrel. f Beswits, @hmm in Fig.c#pcol | oi dal

st abl e enu& d}@m%&%r&i}ﬁ%?ﬁﬁu}ﬁge&p{w%egt%m tﬁégﬁ/thﬁ a g,f uni for m

~di spersion of citr

yt ot 0X

concent r atAdelaonaIthtl prevEued the hpoteiRions dha is hlshﬂil?%é’dﬁsé@ IS* ‘éﬁf i iBhy coul d

Non- i nocul at ed

anolydirabably, i the demwlsidicr anablgs ot!ltps forWatlmh oferae treated
di pped in

0.2% Citral in 0.02% %ﬂw@?ﬁ‘éﬂ‘f@r"ﬁ e’(‘j‘v%‘gﬁstﬁ% ‘r‘ib‘Y "fyd)aﬂﬂ Vi¥8ed in

15

20

25

30

uniform dispersion of citral, which is phytotoxm by itself in these concentrations.
Thus, Tween 20 combined with the antioxidant BHA could substitute for thé

eth'gnol in the formulation.

Example 4

Non-inoculated Washington navel orénges were divided into four groups
which were treated as follows: (a) no treatment; (b) dipped in 50% Ethanol; (c)
dipped in 0.2% Citral in 0.02% L-77 Emulsifier (aqueous emulsion); (d) dipped in
0.2% Citral in 50% Ethanol; and {e) dipj)ed ina 0.2% aqueous Imazalil solution.

Oranges were then stored for four months at 15°C in 50-75% relative
humidity and the percentage of rotten fruit in each group was measured at different
time periods after storage. The results are shown in Table 3. -

- As can be seen in Table 3, the percentage of rotten fiuit following treatment
with the inventive formulation (0.2% citral in 50"_%) ethanol) was significantly lower
than that of the treatment with either citral in an aqueous emulsion or with ethanol
alone. Furthermore, the results with the invention formulation are comparable with
those achieved with imazalil. The high decay level in the citral treatment Qvith the
0.02% emuls_iﬁcr was probably caused by the pﬁytotoxibity that was seen in this

treatment due to the lack of either ethanol or higher level of emulsifier.

2




20 0.2% Gitral in 50% Ethanol; and (e) dipped in a 0.2% aquegﬂé.liﬁgéal il
solution. Oranges were then stored for four nonths at 15C in 6' Y0
relative humdity and the percentage of rotten fruit in each group was
neasured at different tinme periods after storage. The results are shown in
Tabl e 3. A¥08#R845¢ seen in Table 3, the percentage of r®CTEm20030% t

followng treatnment 25 with the inventive formulation (0.2%citral in 50%
et hanol) was significantly |ower than that of the treatnent with either
citral in an aqueous enul sion or wi t T % hanol al one. Furthernore, the
results with the invention fornulation are conparable with those achieved
with imazalil. The high decay level in the citral treatnment with the 0.02%
enul sifier vvasugrabalblsy caused by the phytotoxicity that was seen in this
30 treatment due*¥@ERe |ack of either ethanol or higher |evel of

enul sifier. 4 Apfehd c8QO08f BRONR2 Utvided G| 18 2{HORRAE 146 '%g?ﬁgﬂ eap Meat

- cuts of beef were divided into the follow ng two groups: non-treat ed

meat cut s; neirjreptedmeatquts; dbpeat cubydipgedsfor 3 skeonds 10 0% Citralalissdived ol ved 5

~in 20% eth he t cuts were then stored jn nd 85%relative
humi di t y° aﬁgfda%teg}agp%nqwa&mp%er &qusf%gﬁiﬁfﬁ‘tlﬁg"ﬁra Iy iM%t cut was

carried oubnda tEPESINAGE e Mi@iAEFpulads ih 2 hﬁaﬁaﬁﬁ% éba?lﬁf%%BﬁteZ total

counts of mcrobial population in the neat cuts trea e citral
di ssol ved Waeksoaficrt tieatobnbna dhe aesultst showed otbatothet total tamats ebwmicrobialind i n t he

Shown' 11 c0oRRRlen3H il ey 3Gy woFiTR] Biss R P B st il on %%

-conpri si ngthai 10% of thenék bR Founllih MR nokl@kedmeht cBEA at various

“concentrations. The concentration of Citral is 1.0% The control solution

was compti sed of O. 5% Triton X100. The results are shown in Fig. 5. The
effect of O. 1"9/% |1é16§nhanC| ng the activity of citral in preventing the

Lemons inoculated with Penicillium as shown in Example 2 were dipped for

2 minutes in an aqueous solution comprising citral, emulsifier (Triton X100) anci ,
- BHA at various concentrations. The concentration of Citral is 1.0%. The control
15 solution was comprised of 0.5% Triton X100. The results are shown in Fig. 5. The
effect of 0.1% BHA in enhancing the activity of citral in prcventiﬁg. the

development of the pathogen is clearly shown. .

Example 7

Ay 20 Lemons inoculated with Pericillium as shown in Example 2 were treated

with an aqueous solution comprising 0.5% Citral, 0.3% BHA, Tween 20 and
imazalil and stored at 20°C for a period b_f 21 days. The results are shown in Fig. 6.
Imazalil concentrations of 1 and 10 ppm were insufficient to control-completely
decay. However the addition of 0.5% citral to the 10 ppmi imazalil prevented decay

. 25 pompletely and enabled réducing both the dosage.and residues of this effective, but
undesirable, synthetic fungicide. Addition of citral to 1 ppm imazalil did not

control decay adequately, but was much better than 1 ppm imazalil by itself.

30




devel opment of the pathogen is clearly showmn. Exanple 7 Lenagi.t | at ed
with Penicilliumas shown in Exanple 2 were treated wth a & ous

sol ution conprising 0.5% Citral, 0.3%BHA, Tween 20 and inmazalil and
stored at 20C for a period of 21 days. The results are shown in Fig. 6.

I mazal i | WeBERRHati ons of 1 and 10 ppm were insuffici entT/IL02/40608t r Ol
conpletely decay. However the addition of 0.5%citral to the 10 ppm .
imazal il prevented decay conpletely 2ﬂd enabl ed reduci ng both the dosage
and residues of this effective, but “dandesirable, synthetic fungicide.
Addition of citral to 1 ppminazalil did not control decay adequately, but
was nuch betterExaaWe 8 ppminmazalil by itself. 30 4 April 2006 WO 03/ 028451

PCT/ 1 LO2/ 00808 ¢ ted with Penicilljum.104
spores/ m’~ were Lac%goﬁlgz‘%éa i@%{(@ﬂ&ﬁe@e %%ffﬁﬂ%%%g%gﬁgl é%“fj?ﬂ"gcé 864?%?%@5 ng citral
and a det einganiquéotiveelntia® tompidies ciabaiitd ddterg&it|(Bwadh 2] bth@SesSPHEI -

- conbination of the nore effective essential 0Oils and kept for a 5 period of
si x days. Otisasveallasisemsicombinabion Hf the worsaffestiveaesnentiabailsvindkephrrat vari ous

;e):tfte Péhﬁgrﬁéoaco?rﬁ%a&a gwglé %Slﬁggdni %?Or? ?a(]g)??t g&%’tr'hagﬁﬁvggs%ﬁﬁﬁ .‘%l fvg'ig‘lé‘esfér al

essenti al a3sdntial ‘ofls @rdvehe@wn dh i Rbld Ve Somet SE 8RS XBRNLIANEONS pabddulglyt ral .
Additionallly their actiyvity agai nst igitatum | asted l'onger. “10 TABLE 7

V] P. d st ed
Ef fect of SIAHESCHsyanllinglocgnplsanshmbevrecoft seyerabiessaptiabioilsnwersl morsd fr ui t
kept 6  dayRefife 2P UesdRxfEarddE Mk %%EyA&m&%rllydth@iz?’acti%t t rz‘t%z?u%t 1350/(30

digitatum lasted longer.

10

“-TABLE7
" Effect of various essential oils on percentage decay of inoculated fruit kept 6
days at 20°C |
No. | TREATMENT % Decay
L Water dip ,)',3
2 Ethanol 25% 30
3. l-octanol 5000 ppm + EtOH 25% fTwecn 20 5000 ppm ' 7
Citral 1000 ppm + 1-nonanol 1000 ppm + 1-octanol 1000
‘ppm + Carveol 1000 ppm + EtOH 25% + Tween 20 4000
| ! ppm _ : ' 7
Trans-cinnamic acid 2500 ppm + EtOH 25% + Tween 20
5. 2500 ppm _ 3
6. 1-octanol 2500 ppm + EtOH 25% + Tween 20 2500 ppm ' 10
- Blenzaldehyde 2500 ppm + EiOH 25% + Tween 20 2500 ppm 20
g Citral 2500 ppm + EtOH 25% -+ Tween 20 2500 ppm 13
o, | Vanillin 2500 ppm + EtOH 25% + Tween 20 2500 ppm 7
10. Carveol 2500 ppm + EtOH 25% + Tween 20 2500 ppm 2

15




31-octanol 5000 ppm + Et OH 25% + Tween 20 5000 ppnv¥ Citral 1%%%2‘8@(?
1-nonanol 1000 ppm + 1-octanol 1000 ppm + Carveol 1000 ppm + % +
Tween 20 4000 4 PPM7 Trans-cinnam c acid 2500 ppm + Et OH 25% + Tween 20

5. 2500 ppnB8 61-octanol 2500 ppm + Et OH 25% + Tween 20 2500 ppmnilO

7Benzal deMRIB/BHSO ppm + Et OH 25% Tween 20 2500 ppnR20 BCrAINan0sgH00 ppm +
Et OH 25% Tween 20 2500 ppnl3 . 9Vanillin 2500 ppm + Et OH 25% + Tween 20
2500 ppn¥ 10Carveol 2500 ppm + Et OH 23% + Tween 20 2500 ppnR23 . 15 4 April
2006 WO 03/028451 PCT/1L02/ 00808 -28 anpl e 9 CGeneral procedure for
obtaining a nosi active crude extract fromlenon flavedo. Lenon fruit

fl avedo (exocar] aken and extract ed overnight in 5 dichl ororret hane,

t hen exposed to I Q
di chl or onet haneGllI{:El!ll s filtered
t hrough a [flayeio, of V\hat man paper The extract ed sol utlon was evaporat ed to
renove the di cri,\%)rorre han and t he dense 'liquor was further se arat ed by
chr omat ography t 1Havgde dexenamnvas i tAkerdienf | svtesedhayeanight ancarrier.

Two 1o frag B@n&ﬁmﬂ:‘ BHeh U PE%RH G OligRN for Ib6G 1 8MMhed i W HrorHiRE ! €5S.

wer e obt a| ne
dichloromethane extract turned brown. The flavedo was blended and filtered

through a layer of Whatman paper. The extracted solution was evaporated to
remove the dichloromethane and the dense liquor was further separated by
chromatography with a silica 60 column using dichloromethane as a carrier. Two
10 fractions of dichloromethane, one green and the other colorless, were obtained after
chromatography. The crude active extract was isolated by evaporation of the green
dichloromethane fraction. Lemon fiuit inoculated with Penicillium digitatum 10*
spores/ml were dipped 24 h after inoculation in an ethanolic solution comprising of
the extracted vanillin-positive compounds and then kept at 20°C. Eﬁect’ of the
15 compounds on pathogen development on the fruit was checked daily duritlg
storage. The effect is showﬁ in Fig. 7, for various concentrations (10,000, 5000 and
2,500 ppm of crude extract) compared to the effect achieved by an ethanol solution,
'itnazalil or water. The 10,000 ppm crude extract completely prevented the
development of the pathogen. In such a high dose of the crude extract, some fruit
L 20 showed some phytotoxicity. However it was shown that this ‘phytotoxicity was
| | mainly caused by different components and not by the active antifungal
components since the phytotoxicity could be removed while the biocidal activity
maintained.

.~ Similar results were achieved by hexane extractions of the limonene.
25 |

Example 10 _
Limonene-hydroperoxides were prepared by the following two routes from

limonene.
Route 1: By photooxidation: The conversion of limonene and the yield of the

30 reaction was nearly 100% after approximately 8 hours reaction time. Pure EtOH




chromat ography. The crude active extract was isol ated by eva&%rr@% of the
green dichl oronethane fraction. Lenon fruit inoculated wt ent'Cillium
digitatum 104 spores/m were dipped 24 h after inoculation in an ethanolic
solution conprising of the extracted vanillin-positive conmpounds and then
kept at 2V©Q 0308t of the 15 conpounds on pat hogen devBCHpW®MsoHON t he
fruit was checked daily during storage. The effect is showmn in Fig. 7, for
various concentrations (10, 000, 5000ﬂ32d 2,500 ppm of crude extract)
conpared to the effect achieved by an“thanol solution, imazalil or water.

The 10, 000 ggm crude extract conpletely prevented the developnent of the
~ pat hogen. WaS Usrdips 2 391 eht, dose Bangal pe activatns. @ther light activaterssipexemmle showed

sonme phyto I abLy. ' 3 t hi | i S
oy s cgophitt iR thé o 1R prliGhee BB MBI W 2300
conponent sfikémess ased fphhe hotol catalyticcrrudtibnb Otlies Maiys df 1ibht excitdtionblikei dal
activity mintained. Simlar results were achieved by hexane extractions

of the IinBReeRhromalic ght ekt eroittanehTide nmyarbp catsxoliBasaRengaPr Bdar ed by
t he fol !50V‘li%?., I%Ma[sg '\?eslirg5 L- %{épg&gﬁiﬂ;ﬁg&ﬁc{: 1: By photooxidation: The

conversion I nonerte an eaction was nearly 100% after
approxi mat el y 8 Route2: Ndaa heefogehom. calilyti: roliehing 1idRN)1 $oddith S10Mbdksd 028451
PCT/ 1'LO2/ 0&3@({)8 Z%HQIaﬁ used as a?%E%I‘vent, Rose Bengal as activator. O her
li ght act i $¥eiio0s 2H0) mag yeadeas shPImi conreniratedithiOp 28 ar pyidpiiertt i on.

Hi gh- press ] o u . th hot o

' ca,’? al St I C %@cﬁ%ﬁ&%t%g{rg%ﬁfébgﬁ(f’ﬁﬁ tégb?ﬁéfe:g@??n oﬁalé{o%n%on%eg ﬁllﬁ)eo mati c
Jlight (I ghssiredriproductewditd annvipheiib presar, GheCaeppBanedlahd 3% hdurd i ght,

. laser also i ve | i nmonene- hydroperoxi de product. Route 2: Via a_heterogenous

“cat al yt 10c FeaRiion timg With gaatinuows, stiripg \/bhs amyesion afidimasene andxby vigksolised as a
cat al yst, tﬁQPea%wf@E,@fZﬁH&?b@% H202 as an oxidation agent was added to the
t i

solvent, to 700 he reaction conditions to get the
' The products of the two routes were compared. Gas chromatography

measurements showed approximately similar product distributions. The antiﬁmgél
acﬁvity of the products prepared in the two different routes was checked in the

15 same method. Lemons inoculated with Penicillium (10*spores/ml) were dippedl in
an aqueous solution compﬁsing limonene-hydroperoxide, a detergent (TWeen 20),
and ethanol, Decay was evaluated at specific intervals during a period of 26 days.
The results of microbiat protection achieved with these mixtures aré shown in Figs
11 and 12.

20 - In the case of Route 1, phytotoxicity of the fruit took place after the dipping.

‘.\ I
e

Increasing the amount of Tween 20 in the mixture and removing the Rose Bengal
eliminated or at least markedly reduced this phytotoxicity. The Rose Bengal was
separated from the active hydroperoxide by mounting the solution on Silica column
using a hexane: ethyl-acetate 9:1 mixture. After the removal of the Rose Bengal
.25 very little if any phytotoxic damage was found.
| The formulation used comprises 0.25% }i;nonene-hydrOperéxide, 1% Tween
20, 400 ppm Rose Bengal and 25% EtOH. Such a composition, completely
inhibited decay development, without any phytotoxicity. Sixty days after
inoculation no decay was found on the treated fruit while in the sample used as

39 control, inoculated fruit rotted after 5 days (Fig. 11). This antifungal effect can be

e




- antifungal effect of the |inonene hydfoperoxide an

desired products were: atnospheric pressure, 50C te,rrperaturg %9920%36 hour s
lo reaction time wth continuous stirring. The conversion o ﬁ I nonene and
the yield of the reaction was nearly 100% The products of the two routes
wer e conpared. Gas chromat ography neasurenents showed approxi mately
simlar pwed3®es4sh stributions. The antifungal activitypofmehesgy oduct s
prepared in the two different routes was checked in the 1s sanme nethod.
Lenons inoculated with Penicillium (1Q4spores/m) were dipped in an
aqueous sol ution conprising |i rmnene‘-'ﬁ9d‘r operoxi de, a detergent (Tween 20),
and et hanol. Decay was eval uated at specific intervals during a period of
26 days. @xdainekboth dydhe dircetoistifitngpl offet tof die Hulohenechiydnppchoridesmd mi xt ur es

h ' Fi 11 12. .20 | t h f.R 1,. phyt.ofoxj ci f
the frait ol ingidf fevel ofstaptiaand Sonalesiai ith SscinBiRsintY e Tuden 20
in the m xfisbferddfdpeRkidias SHOVIREAoRaP 8 sun-Blehtdl 'Ilﬁfoﬁgné)&‘ié}tl%.' east

mar kedly reduced thiS phytotoxicity. The Rose Bengal was " separated from
the active hydrloes esé dbthis\Rawtetthe forimutativo lused comprisediol 5% and 026%n  using a |

‘hexane: ethyl-acetate 9:1 m.yture. er .t r al, of the Rose PBengal 25
Very i 1y hppdAE T AidhoRiviclioth dfkencd Gad; 4 EO ebedpal Sadblerbed

conpri ses Bmdhdalld ARG MHFRL D WsyS erigl 12)T : Img%e Bengal
and. 25% Et OH. Such a conggsiti%n, cgsrjrglrlgt g%)y%?r?ﬁﬁ%?%‘g?@ecay evel opnent ,
wi t hout angpiphiste cowixol sif tdgcaySingd: G2 504y HR@ thad still somel detayodevelopdécBhe was f ound

the t ted, frul.t while i , | at ed
Fruit rot courat el Khpfised M m5eaF and ofbod bl ablt velobe 4 Apri
2006 VIO 034AASAAILLATTY| 009 8R9P shifing againditRl e RAE Uohohiind Rl rect
level ofo Jingnenedmdrenerosidepol etin that was i nduced by the :

“"Route 2 is preferred, in view of the fact that the Rose Bengal, which was
used as a catalyst in Route 1, had undesirable effects: it reduces the antifungal
activity and enhances the phytotoxicity, and at the end of the reaction it must bé
removed from the active compound.

15 '
| Example 11
Lemons inoculated with Pernicillium (104 spores/ml) were dipped in an
"aqueous solution comprising citral, a detergent (Tween 20), other essential oil
components as well as a dichloromethane crude extract of lemon flavedo exposed
20 to sunlight. Decay was evaluated at specific intervals during a period of 20 days.
The results of microbial protection achieved with these various essential oils are
shown in Fig, 8 | ‘ |
The combination of sun-treated crude, citral and 1-octano! at cbncentrétion
of 0.5% and 0.25%, respectively showed inhibition of decay development for more
25 than 20 days (Fig. 8). These treatments resulted in less than 5% decay while that of
the control was found to be greater than 95%. Additionally,' less than 10% fruit
decay occurred after treatment with a combination of 0.25% citral and 0.25%
1-octanol, or 0.25% citral and 0.25% sun treated crude, or 0.125% citral, 0.125%
sun treated crude and 0.125% 1-octanol. ' ' |
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| i nronene-"hydr oper oxi deas shown previously for sun-treated | i4r@ﬂ'8§@’ Fi g.
1). In the case of the Route 2, the formnul ation used conprise . 5% and
0. 25% | i nonene- hydroperoxi de, 2% Tween 20 and 25% Et OH. Decay of

i nocul ated |enons did not develop during 12 days (Fig. 12). The dose of

0. 5% LHPOWrea®28460npl et e control of decay and 0. 25% LHPertvad2sdsid | sone
decay devel oped. The <control solution, conprising 2% Tween 20 and 25% Et OH
exhibited very low. antifungal activity (90% decay) show ng again that the
active compound is the |inonene- hydré'ée‘roxi de. Route 2 is preferred, in
view of the fact that the Rose Bengal, which was used as a catalyst in
Route 1, hBEsampldd2irable effects: it reduces the antifungal activity and

enhances the phytotoxicit and at, t he f the reactjon it, nu be
renoved fromt e“rﬁg't"?%n% o%‘ﬂ&s.edé?aﬂﬁﬁgﬁl{%’r Lté??ﬁrﬂf’“f’sh GHEaHe {h .
~Peni ci 11T ugmpdiftiocnPWas Srepared Ry CdididPRRE he Ahtc@RiHfoREse $9'adl AgiRoGOMPr I SiNg
citral, a detergent (Tween 20), other essential oil conponents as well as
a di chl or osaletianerniginidg 26% etionol gind| 2 deergbhtaiTecen @0p dsembnstino@ilated ght .
Decay was e ecific intervals during a period of 20 days. The

| uat
results %fW@ff@‘ﬁﬁ&’f’%?ﬁﬁ’é’&?ﬂ%ﬁwﬁeﬁ?@?@@%‘?ﬁﬂ@@?@%&?% OUs\WBPt i al oil's
are shownodendiy @ftedinobliti6® TR thatdoftipoSitios %ﬂﬁiﬁﬁl’geﬁecﬂﬁﬁg& g*ﬁgﬁ;? 3 and

1-octanol at concentration of 0.5%and 0.25% reSpective
i nhi bi ti onliBenenecpjutivsy ad siosed af 86°GroEfectt ofa the2gur drgsted Himonedy .oriThese
treatnments resulted.in |ess than. 5% dec ile that of the control was
found to. DR Erebas 98 4be Rl ek shcsHeg ol durngstproeeoRier AW Shoc ay
occurred ahb @ttt 6AhIRBEr wfﬁtpsaaxﬂowhﬁmaéﬂ &thOdip br2a%e g'ﬁeﬁﬁéﬁ ANfhaf). 25%
k-octanol, or 0.25%citral and 0.25% sun treated cruo‘l1 , or 0. 125% ci tral ,
0. 125% 105 Uinggest thab thegesidie azggreatlyl afserad bycthermniounBor the Apaterial 2B@EbAAD
03/ 028451 L1102/ 00808, -31. Exanpl e,12.Pure | i npnene was exposed to
sunl i ght f@%{erﬂa 2H OF 3‘.‘“ i’”?ﬁﬁxﬁf‘%r dbfsgfigure Shows that limonene treated by

sunlight gives belter decay control after more or longer dips as compared to one

“dip.

15 Example 13 |
Pure limonene was irradiated with UV light (254 nm) for three hours. A

microbiocidal composition was prepared by dissolving the treated limonene in an
aqueous solution containing 25% ethano! and a defergent (Tween 20). Lemons
inoculated with Penicillium 10° spores/ml were dipped once or three times in-the
Gy 20 solution one day after inoculation for one minute in the irradiated solution and
stored at 20°C. In the case of multi-dip, fruit were left to dry for one hour between
two consecutive dips. | _
The effect of the ultra violet irradiation treated limonene on pathogen developﬁlent
on the fruit was checked during one month. Fig. 10 shows the similar decay
25 inhibition by the 25% alcbhql solution and the treatment of one dip in 2500 ppm of
UV treated limonene (defined as 3UVL). The three consecutive dips in the UV
treated limonene, (defined as 3UVL3) had much better decay control of all these

treatments. The control solution is an aqueous solution containing Tween 20.
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conposition was prepared by dissolving the treated |inpnene,in phygAueous
sol ution containing 25% et hanol and a detergent (Tween 20). Lenons
inoculated 5 with Penicillium 104 spores/m were di pped for one m nute once
or up to four tinmes one day after inoculation in the conposition

conpri si nYWQ4&286in| i ght exposed |inonene sol ution and BEHE&H00§0S 20C.

Effect of the sun treated |inobnene on pathogen devel opnent on the fruit
was checked daily during storage. Fig,,9 shows the effect of nunber of
di ps and I ength of each dip on decay"?%HUCtion. Data to suggest that the
"results are greatly affected by the anmount of the material absorbed by the
pat hogen &¥ uit tissues. This figure shows that |inonene treated by

sunl i ght gives %gﬁfbwﬁ(ai%g%ﬁ@@%mgguge&w%r <96 ! %grz 6?@ Inpsonpar ed

.toone dip. 1 I'e I'mohene was trradia W I ght (254

- nm for thgeemhfer® hr An ciit@ieObriofiC (@édp)a03Pas Withodifferat Ros@ATratorovl
dissolving the treated |inonene in an aqueoqus solution containing 25%
et hanol anektecES09ehOR waes dateruined pitifnm. Spmpled earentisgs oH2089DPaT | 1§ um 104

spor es/ nf URLe AhPRAGANGS Kook iR rbdelBSD, ' Shurboll® 2 RSl b yPliiglay af t er

i nocul at1on ToOr-one m nu irra gtionr and at 20C.

In the. casds@hcedlistdanipledl thpethdr with §-CBf 500t pﬁndrandfsm) ppie DAl Bogi ween  two
consecutive dips. The effect of the ultra violet irradiation treated

| i nonene offAshb gath 2 dignifieap irhibitad eallegrorth of Rigphwlaeeaus gutrusi Bag one

ol ut on A RERHTeh S fibfands siRER sin sl LS 0P oY pbedBBR e oo

_.(defined agoazwa)thegﬁmogéﬁr(w%g@uapcuti ve dips in the UV treated |inonene,
. (defined as 3UVL3) had nuch better decay control of all these treatnents.

" The control solution is an aqueous sol ution containing Tween 20. 30 4 April

2006 WO O . PCT/ 1 L02/ 00808 -32 Exanple 14 Cells of wild type
St aphyl oc%&% q%reus (5x108, 0D6oo0 = 0.219) were grown for 3 hr in

culture broth (@ukopiald (ppeCumdidh bichrs @X10Q0nse pEdvAL bi9 Bulfire broth at
' 37°C with different concentration of extracts 50-100ul. OD was determined ai
600nm.
15 ~ The following treatments in 6 different tubes were given:
TUBE 1. 2000 ppm Citral + 25% Ethanol + 2006 ppm Tween-20.
TUBE 2. 2000 ppm Citral + 25% Ethanol + 2000 ppm Tween-20 + 300 ppm
BHA.
_ TUBE 3. 2000 ppm Sun-treated limonene + 2000 ppm Tween-20.
e TUBE 4. 2000 ppm Sun-treated limonene + 25% ethanol + 2000 ppm
o | Tween-20.
TUBE 5. 25% ethanol + 2000 ppm Tween-20. . ,
TUBE 6. 25% ethanol + 2000 ppm Tween-20 + 500 ppm B-CD +300 ppm
BHA. | o
25 - 2000 ppm Citral in 25% ethanol and 2900 ppm Tween 20, or the same
substances together with B-CD 500 ppm, 300 ppm BHA, or sun treated limonene
dissolved in either 25% ethanol or 2000 ppm Tween 20 completely inhibited cell
growth of this organism. The same compositions of substances without citral or sun
treated limonene (Tubes 5 and 6) did not inhibit the growth of the pathogen (Fig._'
30 15). '




extracts 50-100pl. OD was determ ned at 600nm Sanple | corrg’rAp?ﬁOdg 2000
ppmcitral, 25% ethanol and 2000 ppm Tween 20. Sanple 2 conpri‘'ses of the
same substances as «sanple 1 together with (3-CD 500 ppm and 300 ppm BHA.
Both sanmples 1 and 2 significantly inhibited cell growh of Staphyl ococus
aur eus. THEO0XBB41conpositions of substances w t hout ci pCaILog/BRMPLES 3, 4)
did not inhibit the growh of the pathogen (Figure 14). Exanple 15 Cells
of wild type Candida al bi cans (1x103) re grown on culture broth at 37C.
with different concentration of extract’s 50-100l. OD was determ ned at
600nm The followng treatnments in 6 different tubes were given: TUBE
1.2000 ppm G tral + 25% Et hanol + 2000 ppm Tween-20. TUBE 2. 2000 ppm Citral

+ 25% Et hanol + . - 20 + 300 HA. 20 TUBE 3.. 2000.ppm
Sun-treated i n%ﬁgn% +H§]O'E§\(§@rg%r% Re2F o .58 m4.°°‘§l’5'ﬂfg{%8p‘i’ﬂt%&ﬁ§?ﬁ at ed
| i monene + egbbdiatchaitlis ¢vidéi thap piahy AEaMIES and VBatfons 38V be bpwh&lt 1o 2000 ppm

Tween-20.. TUBE 6. 25% et hanol + 2000 ppm Tween-20 + 500 ppm p-CD +300 ppm
BHA. 25 2#wae kitled; iny the arhy ipdighte of g [forggeing olrscrintionTviseordgly, dhe t he sane

subst ances; -\ - 0 30 m BHA,. or.sun tr d

i rmnene? I sg@%@%&‘“ﬁ%@g?g‘ﬁg@%&%‘?ﬁ?ﬁ%ﬁ ag?ﬁg%% ";B’Sn’(aﬂﬂ@gﬁ gﬁg?ﬁlﬁpl etely

i nhi bi ted edthin thgspivit inddcopdoftheaginticiilaiiie sane conpositions of
substances without citral or sun treated |inonene (Tubes 5 and 6) did not
inhibit the gromh of the pathogen (Fig. 30 15). 4 April 2006 WO 03/028451
- PCT/ 1 LO2/ 00808 -33 _




Although the invention has been described in conjunction with specific
enbodi nents, it is evident that nmany alternatives and vari atd i 2009 | be
apparent to those skilled in the art in light of  the foregoing
description. Accordingly, the invention is intended to enbrace all of the
alternatives and variations that fall wthin the spirit and scope of the
appended clains. 5 4 April 2006 -34 CLAIMS: 1. A mcrobiocidal aqueous
formul ation conprising: (i) an effective anmount of at |east one essenti al
oi | conponent, or derivatives therespi-said derivatives being obtained by
exposure to 5 light or by oxidation, or mxtures thereof; and (ii.) at

least. one additional stabilizer selected fromthe.group consisting of (a)

an enul si f i€LAIMScted fromthe group consisting of alkylaryl _polyether

al cohol , paqJ yoxye bi t rglglgg Eg; pol yoxyet hyl ene sorbitan
monool cat eoll' octyl‘&ﬁ’ﬁ‘é’ﬁ’% ﬂg‘é{ ‘ﬁ% %tgbg\r‘% Sijn% xtures thereof, (b) an
anti oxi dant ‘sel efed f Eoaecize gmEWH of Shisass PR esseRtiahoil SOTRPEWNL KT dr oxyani sol e
(BHA), ascorbic acid, Ebﬁ%haéﬁﬁmﬂydwwﬁhum&u{g&ﬁamdwmbm acid,

a-tocophgrol, 0-carot eﬁgh Gkr’&hﬁﬁne&nﬁﬂ&{efgfereo?'”ﬂdw (c) an encapsul ati ng

agent select ed. from:t p consisti rch, maltodextrin,
silica gel, P- cy(ﬂ)odex’E‘Trlli’ff"r‘t O’é“'a‘@é?twnalcﬁtﬁbﬂq%@é?f’ 3‘6‘?‘{ S.GTRUP FQNSISERE . 2 ' A

m cr obi oci daI aqueous oHrnul ation. according to claim1, wherein said

essential 20 oil conp, ent:fmélﬁul%ﬁ:i‘?!@édtéﬂ%érﬂ@fe%ﬁupé@sﬁﬁﬁ@@ﬂﬂ@léf&pmthe

-

group consisting of no esqui en kydroc rbons, oxygenated
- terpene derivatives, B‘ﬂy‘%‘%ﬁgcﬁgolﬂga ﬂVZ €5 'Lc LEOn, gaﬁré‘%ydes al cohol s,

aci ds, dé8ters and phenmlb‘weﬂﬁlenﬁwrhi‘f@‘rmbh@d%ﬂ%locﬁfl:rgh@m’bw]&ﬂhﬁn abaeibigh or
accor d| ng to claim2, whenesthesdf,d essential oil conponent, or derl vat ive

thereof, is selected f ('ﬁm t me%gﬂ&lﬁ@mg%ﬁgﬂ.@f tcg,ﬁglsmpg
heptanol, nonanol , gerﬁydr xYamsc():lt ?ﬂﬁﬁﬂ, 430081 a,ci guty hydp xyicht!m‘?lle%ﬁwe
_ isoascorbic acid, e-tocopherol, $-carotene, or rmxmres.thcrcof and :
15 (c) an encapsulating agent selected from the group consisting of
comnstarch, maltodextrin, silica gel, f-cyclodextrin, casein, chitosan, or
mixtures thereof,

2. A microbiocidal agueous formulation according to claim 1, wherein said essential
20 oi) component, or derivative thereof, is selected from the group consisting of monoterpene

-or sesquiterpene hydrocarbons, oxygenated terpene derivatives, non—tmpenc derivatives
such as aldehydes, alcohols, acids, esters and phenolics.

- 3. A nncrobmcidal aqueous f'onnulatlon accordm,g to claim 2, wherein said essential
0il component, or derivative thereof, is selected from the group consisting of citral, 1-
25  octanol, heptanol, nonanol, geraniol, octanal, nonanal, decanal, perilialdehyde,
‘perillaleohol, citronellol, citronellal, carvone, carveol, Tinalool, vanillin, cinnamic
* aldehyde, cinpamic acid, eugenol, menthol, limonene, limonene hydroperoxide, carvacrol
terpineol, thymol vanillin and camphor, or a mixture thereof '

4 - A microbmcxdal aqueous formulation according to claim 3, wherein said essential
30 oil component, or derivative thereof, is selected from citral, geraniol, limanene, and

limonene hydroperoxide.
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perillalcohol, citronellol, *citronellal, carvone, carveol, h{ﬂ l%@é
vanillin, cinnam c al dehyde, cinnam c acid, eugenol, nentho PIf; %ene
- | i ronene hydroper oxi de, carvacrol, terpineol, thynol, vanillin and
canphor, or a mxture thereof. 4. A m crobiocidal aqueous fornul ation
according to claim3, wherein said essential 30 oil conponent, or
derivative thereof, is selected fromgitral., geraniol, |inonene, and

| i ronene hydroperOX|de 4 April 2006 -35 5. A m cr obi oci dal aqueous
formul ati on according to claim4, wherein the concentration of the

essential Q| conpppedbioei Gé&%%‘nvﬁaxfgh%@&&n%kéclaﬁm @h&eﬁﬂﬂb 1% 6. A
m cr obi oci dal aqueous, | or nu n accordin g{-}ﬁ ? fqd ai ns
further cor?BW@F‘"%O%?f %S?Iit@ g CWW}QHEOTSP‘QE"E% WPF&? (d ? Bm about
5 ppmto about 100 ppm, ;7. A m_crobioci dal ueous r mul atl ccor di ng
to clai m 6.8 wher éﬁn@ﬁb@méﬁlﬁﬂpﬁféﬁ forgn §é‘ﬁ°°\"ﬁl’8 Q)g B“e&?ﬁ%i’ Sng of

i mzalil, tﬂwﬂa&aeaﬂpﬂs)hganaﬁjmiai biecide dva &ncentyaton. imlfﬁna:za,boub‘ijp;nmlto about

ort hophegyllgbggglt e, nmetal axyl, phosetyl-al, captan, oxyquinoline, dicloran
benzal koni um chl ori de, canon, thiophanate- et hyI triforine, carbendazim
Lo trlademp . VIAOGOE0btRal agh%ﬁm Bbodiitk Y E8ich BONRALin sd bbcide

m crobi oei dal.. aqueous . or mul*af1,0n accor to,C wher ei :

~ essential ibFhosg: WPBCQ,‘?SESPHS imagali s@i’@?’l’q"z‘@ » PADOSPPS, FY ‘-xl dant and
the additi @ﬂﬁihldﬁmmdimmostbophmgz@heﬂam hetataxyh tphosktfled], daptahpixtyqurigobms; r obi al
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' 8. A microbiocidal aqueous formulation accerding 1o ¢Jaim 7 wherein the essential -
oil component is citral, the stabilizer is an antioxidant and the additional biocide is
imazalil.

9. A method for inhibiting microbiel development comprising the application of an

15 effective amount of an aqueous formulation as claimed in any of claims 1 to 8.

10. A method according to claim 9, for protechng fruits and vegetables from
post harvest decay.




