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i nvent i onwoames4ss nmeans to i nhibit mcrobial devel opnent PCTND0200808
specifically, the present invention concerns fornulations and nethods for
i nhibiting mcrobial devel opment in perishable agricultural produce,
househol d and 10 human hygi ene conpri silhg of essential oil conmponents or
their derivatives obtained by exposure to irradiation of Iight or by

oxi dation, together with stabilizers. BACKGROUND OF THE | NVENTI ON The
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chem cals presently used for prevention of decay. WO 03/028451

PCT/ | LO2/ 0idBi{isting thiGebal develbpinkst ial geeishatile ugdcdhealdprodnedy ddubehobdvand-or

exanple, irradiating the C . o .
P 10 human lallyglergl]e 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 produce 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 often, a high percent of the produce becomes infected. In
addition to the obvious substantial financial loss due to such decay, some of these
microorganisms produce toxic and carcinogenic metabolites, which are harmful to
humans.

20 Control of pathogen infection of perishable 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.
Furthermore, 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 toxicity and the potential phasing out gave
rise to the development of alternatives to the synthetic chemicals presently used for

prevention of decay.



agricultural produce by ultraviolet |ight (Ben-Yehoshua, S., Rodov, V.,
Kim J. J. and Carneli, S., 1992. Preformed and induced anti fungal
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citrus fruit: effect of postharvest treatnments with heat and growth

regul at gr scitrds Agth mtagmnsh@msts a&ﬁl babbi. 1866ntia Hodteultivae, &rl()?elhds hua,
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15 of them.
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. and Carmeli, S.,
(1992) Preformed and induced antifungal materials of citrus fruits in relation to
20 the enhancement of decay resistance by heat and ultraviolet treatments. J. Agric.
Food Chem., 40:1217-1221; Ben-Yehoshua, S., Rodov, V., Fang, D. Q., and Kim,
J. J., (1995) Preformed antifungal compounds of citrus fruit: effect of postharvest
treatments with heat and growth regulators. J. Agric. Food Chem. 43: 1062-1066;
Rodov, 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: 1062-1066). It has been 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



-3 agricultural products. However only few of the essential oil conmponents
have m crobiocidal activity. Ctral [3,7-dinethyl-2,6-octadienal] is an
essent i alwoioB/ozsaaponent which is naturally produced in s@genné2/dosesds of
citrus fruits as well as in sone other plants 5 such as | enon grass and
eucal yptus. Citral is an unsaturated al dehyde fromthe terpene series and
i s conposed of an isomeric mxture of—geranial and neral. Because of its
i ntense | enmon aroma and flavor, citral has been extensively used in food

and cos Wetdg?ichndwtﬁrb@msﬁHé@évérsml%cmﬁbz ekk @8scatiahbil ésmpordey have and
Is approved for use in food by the U S. Food and Drug Admi nistration.
Citral hasnibpolzEibsidabadtvitshown to exhibit a very effective and broad range
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respectively. However in its pure formit has very |ow antifungal activity.
Chal chat [Recanpe of ithantepsg lempnromerandgilavor, citrahhgs/bean gfensiyrly usedhit e
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P., Cost arhh)irpf’évedpfo[r%g ifFo8a bythe 89 FoolHnd"DRIL Addinishatiby. (indf haome
pl ant essential oil agalnst Li'steria nonocytogenes. J Food Protection,

55: 344- 348 s besteshdavrato srhibites semyt éffdctiot landdrpad emige dbaetimicrebigl amti vity
agai nst pat hogeni c bacteria such_as Listeria and su%gested their use in 25

prevent i ngntifiengahpeldyitodn dacts Bew Yehoshuates p] 619923 vad Rodayeb ahtl998hheveeen
R S A IR T
inocul ated hi ghy ipireher € -RRklyeY 4 0BRdthylBhenyHQEsheRen@NeknloWre SalsdY as
p-mentha-1,8-diene) is another example of an abundant essential oil component,
15 which may be extracted from glands of flavedo of citrus fruit. US 4,379,168 and
US 5,951,992 describe the 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. Oil Res.
12, 125-134) disclose antimicrobial activity of limonene hydropeoxide 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, 55:344-348) showed that some essential oil components have strong
activity 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 use 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 S. and Fries, N.,
1977. Preservation of high moisture barley grains with citral and allyl caproate and

30 preliminary acceptability tests with piglets. Acta Agric. Scand., 27:105-109), rough



1977. Preservation of high noisture barley grains with citral and allyl
caproate and 30 prelimnary acceptability tests with piglets. Acta Agric.
Scand., 2¥013H28480), rough WO 03/ 028451 PCT/|L02/ 00808 - #Cmiice/qokes | i ck,
A. K. and Nandi, B., 1982. Deterioration of stored rough rice. IV.
Preservation and palatability of citral and propionic acid treated grains.
Acta Agric. Scand., 32:177-187) and wbat (Ghosh, J. and Nandi, B., 1985.
Preservation of high noisture wheat by sone antifungal volatile conpounds
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15 In most cases of the prior use of essential oil components to prevent decay
of agricultural produce, the essential oil component was applied to the produce in
an aqueous emulsion. Although partial prevention of the produce's decay was
achieved by the use of such substances, essential oil components, including 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, which may cause decay later on.
For example, essential oils inflict peel 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 these essential oils are unstable and

tend to decompose prior to carrying out their bactericidal activity.

30



commercial use is their instability as many of these essential oils are
unstable and tend to deconpose prior to carrying out their bactericidal
activity.wB@3Mg3488/ 028451 PCT/1L02/ 00808 -5- SUWARY OF PHEILONESIBI ON The
present invention is based on the fact that food-grade essential oil
conponents or their derivatives obtained by exposure to irradiation of
light or by oxidation, may be used as Xhe active ingredient in a stable
effective mcrobiocidal 5 forrmulation for the inhibition of m crobial

devel opmrendUMM SRY'OF THEENVENTIONe known phytot oxi c danage of the
essential oil conponents is prevented and the stability of the essential

oi | conponent OThé peseff liv@ntivRSisi Based VoML dact rBavféddigrade esdéntial oil
environmental |y friendly mcrobiocidal conposition. Thus one object of the
present i neaenporentsi ar theirpderivatizesobtaineld by expuisictadatadiatmnaofubghtsor by
formul ation gomprising: (i) an effective anmount of at | east one essenpti al
oi | corrpon%?ﬂgfim MR %ﬁcf a0 heraetive dngredientinja staple £ TeciaRIEORIoBKRhI ned
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et hanol i nkrswviPRYidtoxaE dahfige 1P aHecOeR0RH] GiP YmPBn&ityli§ ipré®inted@nd the

anti oxi dant, or an encapsul ati ng agent. The anount of added ethanol is from
about 10 tstatihtyuof B@%sscitiml edsemmpadent or its deripatinestis ipsolenrgat; reshilfingin t he
group of nonoterpene hydrocarbons, . sesquiterpenes, oxygenated terpene

deri vati vedl efWé‘i?an@nEﬁé%’eﬁ@éflb’v‘ﬁtqrﬂ)l@§01§ﬁ]c‘?9né%052‘€f’fhI dehydes, al cohols, acids

and phenol 4¢s. e.conc ration of the essential .oils in, the uequs
i cr ot oci AT OlRbERe; Ghe brekg lisiioR TS bRy e 1ot nsFoBdEat
concent fatprotd fdri@lARM ddiprisingf the essential oil obtained by exposure
tolight is fromabout 1000 L L-1 to about 12,000 L L- 1. The
m crobi oci dal (@onmposeffecive amouhtiréther leastpohs ees’ontdddili compoaemyurgr of
anot her biocide in a small amount o )
derivatives thereof, said derivatives thereof obtained by exposure to
light or by oxidation, or mixtures thereof; and
(ii) at least one additional stabilizer selected from the group consisting of
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

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 essential oil obtained by exposure to light is
from about 1000 pL L™ to about 12,000 uL L. The microbiocidal composition
may further 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 to provide a method for inhibiting

microbial development in perishable agricultural produce by applying a

microbiocidal aqueous formulation comprising:



25 which by itself is not sufficient for inhibiting mcrobial devel opnent.
It is a further object of the present invention to provide a nethod for

i nhi bi ti g0 ogdozs4sbi al devel opnent in perishabl e agri cul t urar/Tpexweese by
applying a mcrobiocidal aqueous formnulation conprising: WO 03/028451
PCT/1L02/ 00808 -6- (i) an effective anbunt of at |east one essential oil
conponent, or derivatives thereof, sai@derivatives thereof obtained by
exposure to light or by oxidation, or mxtures thereof; and (ii) at |east
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devel opment. A further object of the present invention is to provid

net hods for inhibitingemulsifiehankndexidantporat encaphdategegaitby appl y| ng the
m cr obi oci dal a ueous 15 formul ation of the present invention either alone
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the present. i nyv e of m.crobi oci.d tion
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Wi th sui tal‘i’}(ﬁoé’digbﬂé ﬁat@&’dt%gaeh@ SQRRLRE, Snoﬂli’éi}b@i{ée deflVavedesfrhngs 20
detergents,” nouth vvas d| sinfecting or cosnetic applications. It is still
a further abeleaesodlcohdspacideandipheaoli¢soMheofopmaldtivn mag fafttheheomprise

m cr obi oci dal formul ation as a nutraceutical faor relieving aor treating
minor i nf@wthamesdeidsda apymal] amesnbwbichaen feelf imgoipsuffirienhfpriahiditing t o

human heal %?croblal development.

A further object of the present invention is to provide methods for inhibiting

microbial development in household by applying the microbiocidal aqueous
15 formulation of the present invention either alone or together with commonly used
detergents.

Still yet a further object of 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

20 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

25 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:



BRI EF DESCRI PTI ON OF THE DRAW NGS 25 In order to understand the invention
and to see how it may be carried out in practice, a preferred enbodi nent
wi |l now Wwe odessasi bed, by way of non-limting exanple onlPgT/IuwAdesesef er ence
to the acconpanyi ng drawi ngs, in which: WO 03/028451 PCT/1L02/00808 -7
Fig. 1 shows the induction of scoparone production in mature green | enon by
injecting sun treated |inonene, |inonefde-or citral to al bedo or by

rel easing the contents of the oil glands in mature-green lenons. Fig. 2

shows t he Pigf qCihdifs fH@iﬁdu@ﬁbHrdﬂééoPﬁrohérmﬂéu&Ibd fie nit@dugiceR embn By

phytoal exins in mature green and yellow I'enon fruits. Fig. 3 shows the rate
of decay dhjeREing suhl treated tinvarleae.c dmgnepe or witralt toealbedo Wy bydrglpasing ithe

formul ations of cjtral, and geraniol. Fig. 4 shows the rate of decay of

Peni ci | | i wanfsiseol heoil glandsia matuea-ggenlemonsn  aqueous emul sion of citral
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tot ru

conpare e decay of It of the sane kind with 5000 ppm of Tween 20

wi t hout et Fig)o3 .shows Ghe Tratehofisletie of aReniallivedycutdte Pepapafiii trentedosyul at ed
| enrons treated with an _aqueous emul sion of citral conprising octyl-phenyl
pol yet her dippiogan formulataens ofitealoand gerantolit yI at ed hydr oxyani sol e ( BHA) .
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| ) f . )
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Fig. 7 shows the rate of decay of Penicilliuminocul ated | enmons treated
with a 25%-cetlhdensrin and polyoxyathlykinersodfitagi nbnaparatst (aveenc2Qde compazed  of

green | emon 11 qvedo 40, CORRALLSOR A 00 be HO0%, BB TRnd 252§ hano!
Fig. 5 shows the rate of decay of Penicillium-inoculated lemons treated with an
aqueous emulsion of citral comprising octyl-phenyl polyether alcohol (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) compared to the rate of decay
where imazalil is added. (Imazalil is a fungicide, which is commonly used in the
20 post harvest protection of fruits and vegetables).
Fig. 7 shows the rate of decay of Penicillium-inoculated lemons treated with a 25%
ethanol aqueous emulsion 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,
1-octanol and dichloromethane crude extract in 25% ethanol from lemon flavedo
that, prior to 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.



Fig. 8 shows the rate of decay of Penicilliuminocul ated | enons treated
wth a 25% 25 ethanol aqueous sol ution of various conbined fornul ations
conpri si /yowBwesabl  1-octanol and di chl or omet hane crude ePCTACe2/G080825%
ethanol fromlenon flavedo that, prior to its use, was exposed to sunlight
for 4 h. Fig. 9 shows the rate of decay of Penicilliuminocul ated | enons
treated with a 25% ethanol solution of85000 ppm | i nonene exposed to
sunlight for 3 hours. Effect of 30 length of the dipping as well as the

number of Higdq OVhowWsORB ARl WRad I WPHAGH - dultéd BthGhs tréatéd Bvithlh shows

the rate of decay of Penicilliuminoculated | enons treated with an aqueous
sol ution odquzﬁos)sqziptmn Dﬁﬂﬁ%@pmhmlonem which, prior ¢o its @se,waas UV irradiadedit ed

for three nd t he ssol yed in 25% et hanol nute dip treatnment
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phot ooxi datlon w th Rose Bengal on decay percentage of "lenon fruit

i nocul at edwwddbnﬁmeatwmnampldw\giteratrun%% ethbmg]. 12 Shows the effect of

| i ronene hydroxyperoxi de prepared with a nol ybdate catalyst on decay of
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Fig. 14 Shg, Lipe effect of citral formulation on growth of Staphyl ococcus
aureus cel F| g. 15 Shows the effect of citral and sun-treated |inonene
on the gy OEtgh IQfShoGaﬂﬁtedﬁfeat of HmpaetehydroxigherokidePréFapediivitt OtndDbdatt

S 1 onmoradalyst ai gesatbg lmon frui ikocutaicd with Benicilluun digitatum.
Fig. 13 Shows the effect of removal of the Rose Bengal catalyst and the dosage of
Tween 20 on the phytotoxicity of lemon fruit treated with limonene
hydroxyperoxide.
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 cells.

DETAILED DESCRIPTION OF THE INVENTION

20 As stated above the present invention provides an environmentally friendly
microbiocidal formulation effective in preventing 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
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essenti al effdctiveporetivs feomi inscrdbialsv it nyledegucheas in household use, body
15 hygiene or nutraceuticals. For household use the aqueous microbiocidal
formulation may be used alone or together with commercial detergents. For use of
the components of the essential oils or their derivatives for body hygiene, an
effective amount of this essential oil components or its derivative 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 effects, 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 such 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 and relax
emotions and aid the body for proper digestive function. Such essential oil

30 components are known as phytonutrients or functional foods.



I ncorporated into soap bars, a cleansing fornulation, detergents for
washi ng di shes, 20 nouth wash or conposition or a deodorizing solution or
conposi t iwn.03/0e848f f ecti ve anmount of an essential oil conpcmane2/mBost he
present invention, particularly for the essential oils selected from
citral, perillaldehyde or |inonene, may al so be part of a conposition used
as a nutraceutical. Such nutraceutical kbnposition may achieve two
effects, namely protect against biocidal infections as well as yield

addi tional 25 hSathe lbf Aignedskhtidl Wihcaipdrthtsostd d@ ot in-the Peidk afcisieffective
Several fornulations of the present I nvention conprising essential oils

such as ciinradmbdtingonamnebialyeespeicilly inragnichisiizal pmdmneHopewﬂ, estedtiblyoié wer e
LU Ol 1 afOTBARERFS ST amh b aUIeAeRbProBicE) Whiske 'g%%%ew” RS Tl d
the body f t t

e body TAE BRePsnlh g9 NG MR SkiR e iles Ss% i@, Lo I RHRGREN S

are known as rrents or unc I Ona

PCT/ 1 L02/ O6130&ss caiigng}ﬁﬁldodlsﬁl&%rﬁﬁﬁle@ﬂ ﬂh%'es%ﬂha?@ﬂ?@ﬂ@ﬁ'fe piuee knexgpenn the

prior art ‘as effective "in conbating mcrobials, especially in agrlcultural
produce. Hbhwesy althoegts érii wde as potentammrokiotsles wa‘selmdwm mffeﬂt)vely lsacke mse
probl ens, which limted their practical use so far, problemis

associ at edva lipited glue tp itgisherd t@maMae. qlyrathgy barg%qbe%@ﬁ @f apgssenbiabeih it

causing r egration f t.he oxygen.

Thus, "1 ¢ radEnt REMpRELS R Souit G RER SR sL s B e R b fekl

such use é’¥§§01hﬂeﬁ‘\£r1ﬂﬂtlfé‘x{eus%oE ?ésu%é‘@f fruit?fdﬂngH%%n@éntf&'l‘fo‘ﬂ@bf Eé’s‘éﬁﬁal%iﬁnt ' ties

of an essential oil order to prolong its™m crobiocidal effect
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Exposur e of frwts to high concentrations of essential oil s, 10
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obt ai ned vﬂﬂd@ﬂﬂve;loemch(stahimeom@xysdlﬁwiﬂﬁ essential oil components, a stable and
15 effective microbiocidal composition is obtained which does not cause any damage
to the produce. These additives are selected from ethanol, an antioxidant, an
emulsifier or an encapsulating agent. Each of these additives protects the essential
oils components in a different mechanism. The ethanol, which is biocidal by itself,
is added in order to dissolve the essential oil component and prevent phytotoxicity
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), polyoxyethylene sorbitan monooleate (Tween
25 80), octyl-phenyl polyether alcohol (Triton 100). Some of these emulsifiers are
food-grade, e.g. Tween 20. The concentration of the emulsifiers should be above
0.1% (w/w).
The antioxidant reduces the oxidation rate of the essential oils leading 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
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case of the adltlont | BHA ﬁ_ui] IS denonstrated in Table 1, show ng
the Peel’ Bl eni sh Indg { %houl d be understood that BHA by itself
di d not cause any bl em sh. The peel blem sh index is determned by Index =

E(score X nunb t n L t) The
bl em sh score |e£h fbléntl{é esr%‘@%%qs %A]?’Sﬁ Pgﬁi‘i‘)‘g}g‘% em s}%&%@ﬁl%gggat@ d%‘lr Egm shes;
and 3= SeVeJl@mﬁ%Jh@iEE‘a%ﬂ%severe blemishes.

Table 1. Effect of a 1-minute dip of the antioxidant BHA on peel blemishes

15 in lemon fruit kept at 20°C for 20 days.

Citral (%) BHA (%) Peel Blemish Index
0.0 0.0 0.10
0.5 0.0 0.48
0.5 0.05 0.14
0.5 0.1 0.05
0.5 0.3 0.00
0.5 0.6 0.00
1.0 0.0 0.90
1.0 0.3 0.52

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 encapsulating agent may be any kind

20 of food grade matrix or polymer made of carbohydrate or protein or other matrix

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



Table 1. Effect of a 1-minute dip of the antioxidant BHA on peel bl em shes
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matrix such as, but not limted to cornstarch, naltodextrin,
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phytotoxic@}?;(/0 W he 10 essential oil. This effect is shown by the bl em sh
I ndex of the’'essential oil citral by the addition of enulsifier as

demonstrat ed i nTHakld@itdn 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 0 0

Tween 80 0 0

Tween 20 0 0

Triton X 100 0 0

Gelatin 1.0 1.4

Sodium  lauryl | 1.3 1.6

sulfate (SLS)

Gum arabic 1.2 1.9

15 The fruit 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 least one essential oil 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



Table 2. Summary of trials evaluating phytotoxicity of citral solutions
conprising enulsifiers (1:1 ratio wth citral)l . 0.5%Ctral 1.0%C tral
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fungi ci de WmporfRARbBl s (dePIVAITRGY btRine@8yeédPosure 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 authorities 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 invention may be
produced synthetically, or may be a plant-extract preparation comprising a plurality
20 of components of essential oils, i.e. mixtures thereof. It may also be a purified
natural essential oil preparation enriched with a single essential oil component or
any combination thereof. Preparations 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 1l-octanol, heptanol, nonanol, geraniol, octanal, nonanal, decanal, perillaldehyde,
perillalcohol, citronellol, citronellal, carvone, carveol, linalool, vanillin, cinnamic
aldehyde, cinnamic acid, eugenol, menthol, limonene, 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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and the antli oxi I"r ect as an antimcro
on the type of essential oil as well as on the manner of the application of the

15 preparation. In the case of citral or geraniol, an effective amount ranges between
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

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 mentioned
previously, the wax emulsion was a suitable solvent for treating several citrus fruits.

Another method of application is by fumigating the fruit in a relatively
airtight chamber utilizing the volatility of many of the active materials such as

citral.
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them Indeed  According to the present invention, the pH of the oil formulation is
preferably acidic but may also be basic with a pH value up to 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 orange fruit when
applied as a formulation containing 10-50% Ethanol than when applied, at the same

20 concentration, in an aqueous emulsion (Table 3, see also Example 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 051 |2 |3 4
Non-treated 5 |8 |20 (29 |36
0.2% Citral, 0.02% emulsifier in water 0 8 (28 |35 48
50% ethanol in water 0 |4 14 |20 |23
0.2% Citral, 50% ethanol in water 0 0 2 3 5
Imazalil, 0.2% in water 0 2 4 5 8




this is the situation when the fruit is enclosed in a storage roomor in
any container holding perishable agricultural produce that is continuously
transpi riwg.038e8381 an application could give a controll edpPsirawrmBesase of

t he fungicide enabling | onger protection fromdecay. 10 The fornul ation
may al so be applied via slow degradabl e polyners, which during their
degradation rel ease the essential oil —c]&ﬁ'pound contained within them onto
t he produce. According to the present invention, the pH of the oil

formul ation is Inpaddigbmbhy nddrked dakiage rfaythallﬁ@dxhxfe Bsmal iy dstoofated witgh ue up
to 9. 15 As nentioned, the aqueous m crobi oci dal fornul ati on shoul d

conpri se aessentiabiofl; ethcatmn d)rcsmrsl In thg presenae of Ao S6fe e‘é@aehﬂlcaglssmtllal

conmponent . ase the _ stabil | | s.eth i s shown that | tr at a
concentr at ‘PIL Hl(f)rwbcam MQWP@H &m%c Aoes; Bt AgCHT RYFIIWaSY non

I nocul at ed S 0

cont ai ni ng %ﬁ%@%&%ﬁe n‘géfr ﬁg %5%& {eer%%p%} ?@rpcf% ?&I?‘ﬂs (Ogsa{r?e{qggﬂ é{gﬁggrtr Fation,
in an aguegtfy RIMdtToRSIderhBR dintagesee al so Exanple 4). Table 3: Effects of
citral and 50% et hanol on decay per centage of non-inocul ated Washi ngt on

oranges (Nu nber"s“h@ei%aifof socht fornfulatiank in reducing decay-is Mnstdemanktrated with

Storage------------ eatrre%O.S,l é034 Non-treated 5 8 20 29 36 0.2%
Gtral, o.dboitemirdits festedip thepackingboysgs gresults shown dn riahles 3.%%)@? 04 14

6%2°% 5 5 iy 289 S PARRS B0l 1Bt BndwiyToe, BRb&uhin B Bl oo
the pr oduUGppBPCHTRLd a 3580 S oMk naiF pemohats of beo;g,lephﬁ G@hd10BorPREUT S.

In the presence of 10 to 50% et hanol ssent i al did not cause
phyt ot opi ccidervagad Alteenaramalierdaes not occur even when the

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% 79 ab
Limonene' 16 a
15 15000 pL L exposed to sunlight for 3 hours in 25% ethanol + 5000 uL L of TWEEN
20.

Quantitatively, the essential oil component, limonene, which belongs to the
family of hydrocarbon monoterpenes, comprises about 85% of the essential oil
components present in citrus. Limonene as such, however, is not adequately active.

20 Notwithstanding the fact that it is not active it was found that limonene may serve
as a precursor to a very active microbiocide by exposing homogenized fruit peel to
sunlight followed by extraction of the oil with an organic solvent 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



essential oils are applied at relatively high concentrations (0.5 to 1%
known in the 5 art to inflict considerable damage. The effect of such

f or nul at iwo3jes4seduci ng decay is thus denonstrated with PealrlILevdsess fruits
tested in the packi nghouses (results shown in tables 3 and 4) and wth
mango and bel | pepper fruits (data not shown). The experinent with bell
pepper showed a good control of the majldr—pat hogens of pepper in |srael,
Botrytis 1o cinerea and Alternaria alternata. Table 4. Effect of | i nonene

exposed t ouditly eRnRenticnadf Oﬁuiﬂlﬂl? higeiR. 98 YpRficullit Hvadlimiting texahpRy ist or age
for 11 days at 10C and shel f e sinul atlon at 20C for 6 days. Treatnent

End of st oheteregematsanatalygs adng mwlyldatasadt. 25% 7.9 ab Linonene t 1.6 a 15
5000 .tL L-1 exposed to sunll t for. 3 houiks in 25% et hanol + 5000 L L-' of
TWEEN 20. Quan hysa g WW 10¢ Assidingto dhe IES?P&’(SN@N?“UQH Meﬁ‘éml’%¢ ch

he.oosent P 8 kiR salel EELRA BRR RIS or S RIRLARET ofRRHE pl0cvcr

i s not %demﬁaﬁ&ievmapwey@m%ﬁatww lighe! RRHLAR B BotedGhatt didtfoxidantsSsHiRld act i ve
it was found that |inbnene may sérve as a precursor to a very active

ni crobi ocinte lry used ediengusingrsgenidesdativesi of pssehtidlooilss thalt ivedre dxpobaiveal by
extraction of the qoi]l] wth an organic solvent particularly by
di chl or onefRdisgionlight or et hyl acet ate. The sane effect may be achi eved by

appl i o5 10 25 S9Rther AP B ofilict” R S Fafrisidbort, B2 | 1okl oy
oS0 52 o o I UAABAR B O OO WA ORIy

oxi di zi ng ‘agents. One particular-non-Timting exanple i's heterogenous
cat al ysios beschagactediydadat the $@hiponent that gives purple color in the vanillin—sulphuric

acid test (hereinafter “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, - R¢ on the chromatogram.

15 Photo-oxidation may be done by either exposure of the limonene to ultraviolet 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 color

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

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 bioassay of inhibition of

elongation of conidia of Penicillium digitatum. The resulting activity was much

higher than that of scoparone or 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 fruit (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 Sul photo-oxidized



Thus a m crobiocidal according to the present invention nmay conprise

| i ronene or a crude extract of essential oils conprising of a substanti al
anount ofwoO33l2gsenene that were irradiated by light. It sircwiboz®sesot ed
that anti oxi dants should 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 t+d&-apid photo-oxidation that forns a
highly active antifungal material. Such a material may to be characterized

as the conpapfdte ihfPtheHIN&R 0O iBstHBEGN th@ﬂhh&id/%ﬂblkéd fir thedePlRfidnS thei d
test (hereinafter "vanillin test™) or preferably by blue fluorescence

obt ai ned gwodacticasof scaffaroner antl atapotetinyup toNevesadeqiatd cughotedii thetfagt nmay
react with other terpenes and their derjyvatiyve conpounds tﬁe specific
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1992) Anot her .observation showed that this naterial iEducef t he resi stance
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much higher levels of both scoparone (over 1000 pg/g fresh weight) and of

15 scopoletin (over 200pug/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 to control completely the
pathogens. Thus apparently, the formed limonene hydroperoxides form reactive
oxygen species, which elicit the immune system of the plant. Such reactive oxygen

20 species effect the pathogen as well. These reactive oxygen species have a short life
and decompose well before the fruit is distributed to the market.

An important aspect 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 antifungal 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.



| i ronene into the al bedo tissue, just below the flavedo, elicited in these
| emons the production of scoparone and scopoletin up to | evel s adequate to
protect tweoBwedss1 from the pathogen. Simlar results wer®@Caghizness by
injecting the dichloromethane or hexane crude extract of |enon flavedo

t hat was shown to prevent decay 5 conpletely (Fig 7). Simlarly injuring
the oil glands or injecting |inonene % al bedo tissue of mature green

| enons resulted in a very inportant effect of eliciting the endogenous

resi st ancesg@ehanhaamtiAg lishdrene prodlices vasowd wadxides. 10 & nds GHéwh alidt @Re Of
scoparone in'Fig. 1. Such injury of yellow fruit gave nmuch | ower response

showi ng t hfsrmetie hmdropeoyides, frandt anmf epadicuhirs r@d@Si4R )aproeentlrsPSrdienand
older 1o fruit is |less protected Fig 2).. In_ fact, thi Seé& resi sf ance of
yel | ow f r ul-hydaperaade; ( R,%rxgrmﬁnﬁm— éx&iﬂ@m hvydzoperomide; %—vmfﬂ}t ting
citral did . el iCf he ne R [ ly the
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vani |1 pashdddva Sdchive bigdieds @l the RYLEART HMitfon SEER ftesthelinleprehSTRE both
scoparone (over 1000 pg/g fresh weight) and of 15 scopoletin (over 200pg/g
fresh wei girejencer ef fthesed hgtitoperakiges my theotwddisted fimonené rof thee presede

di chl oronet hane extract _that prevented decay (Fig 7). The phytoal exi ns
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that the decay control of the pathogen is achieved by both a direct

i nhi bi ti ortt8fEYt Heveaeh sneletaexygen Welizipg &is precadyre Heswisdsyawady all
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hydr oper oxi des forned during the photosensitized oxidation of
(R) - (+)151 i nonen&xperiments done clearly show that if the crude extraction of the peel or if
the extracted 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
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



30 J. of Hi gh Resolution Chromat ography & Chromatography Comruni cations p.
WO 03/028451 PCT/1L02/00808 -19 588) that irradiating |inponene produces
vari ous pwoogioziast It is now shown that the forned hydropedALed®sosand i n
particular, (1 S, 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 oper oxi de; and (2S, 4R) - p- ment ha=08=di ene 2- hydr operoxi de may 5 be
used as effective biocides in the aqueous solution of the present

i nvent i on. ethfo] sprgioaN2svdfaré haamabived APTiKIX Ydas ¢dminbrridlrliledixpeashent monene
of the present invention was confirnmed by gas chromat ography nass

spect r onet with amihosulatehfruit Megmletrinorées onchacd sptiay dvids SO0 118,000t orsHH0) . 1 n
the present invention a paovel | procedure giving high concentrations. of
hydr oper oxPRIBSygRYS p@aea qfiliraonens m@S%e@@laseﬂgogml% thas bad hesw oY or
activator ¥ [t r {4 h ragyel ev of
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bei ng canv@piafint Betth, PYdlicRBIRu) FhisTheit Whdi i cfatdd @a@ Phygirengi oxi des
was very effective in controlling decay of inoculated | enons even at the

dosage of #tdhapmst (daiagnotiptgsentcsl)Experi ments done clearly show that if the
crude extraction of the peel .or if the extracted |inpbnene was not _ .
irradi ated or RpbseRIrate expatimgpt bothiratraleand sumeated himpngae {dissalverh ifwas

i ndeed not e y.acti.ve an 090 1.1 able f i nhhbi ti of decay. The
decay i n ok A 08y oL BAReh PROHEG DS ailor, BthBetn Aiealirel 67

m crobi oci glapatf % Q‘}Uvﬁhg% iBbadhted cdtsoyd. he antifungal activity as well as
the 20 induction of thé resistance nmechani sns as shown by the accunul ati on
of the joscopar diie icenvaitainall rhethbt esfe coytoltingr dedagiemn efitris pacldanghouseposur e
to sunlight or irradiation of the dichloronmethane or hexane extract of

| eron f | aveSiRpIies sevensk compauedsethat gre alspoeryitpnimentallyy &rieadly, dub ey net t he

extract hydr r.oxi de for at i as. a bioci dal conpgsition grows wth
onger - perPoWOBEiR She et toRphAfia o spermies TresoRh SOk GRRRuRES ot | on.
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4 hours of sunlight) Sor four

chitosan plus low concentration of metals such as Zn or Cu, some organic acids

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

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

EXAMPLES
Example 1

Minimum Inhibitory Concentration against P._digitatum and Mode of action

25 of essential oils as compared to imazalil.

The minimum inhibitory concentration (MIC) of over 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 pathogen
occurred (in vitro) 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



consecutive periods of 1 mnute each resulted in the prevention of decay of
i nocul ated | enons kept at 20C for a period of over three weeks (Fig. 9).
The ef f ewD 0df0288xposure of |inonene to 3 hours of sunli ghtCandoz/ogos
efficiency as 30 preventing decay conpared to no treatnent (dipping in
water) or treatnent with an WO 03/028451 PCT/1L02/00808 -20 ethanol
solution (25% are summarized in Table2 +n a comercial |ike experinment

wi th uninocul ated fruit. Furthernore an orchard spray with 5000, 10, 000 or
20, 000  ppeBaseia@s So fiRr @kted! diasbloéd in UBN@NckidneSWashidedio &atdilé Petri hat
had been fully converted, 1nduced production of scoparone and scopoletin

i n Val enci dish (2mm) gosta{ramg) 1 5 hil)ofinhalterr matordestrosciaghe (BIDAQF(S0HC stofgive t  when

RSN RIE s 0 N RN S NG
h I . I nhibiti h h L
cunanol) SNy TRNE R QP s S sRAURRE R CIRERERL

control I ngoggary hﬂngié mivceliar Igideg Scut CRERY iaﬁ%ga%eﬁlﬁfeal:ulﬁ%p@luws t hat
are also environnentally friendly, but are not included in the present

f or nul at i odigftatunt edich had noteyes degun Spotulatimmp dhodeyalial dises eierphaed &
gi bberelic_acid, 2,4-dichlogroacetic acid acetal dehyde, chitosan ar

chi tosan phasenisiof sactetest dish gnd dhempubats249(e i uagalzghihitien, was spenitrehini ¢
ids 15 h i c.aci.d i pni i.d etc. Th ds mght b

part of ol MeAV PG Aidlieter ofthaRa el ARG Fdfis i on. 1 n fact recent data

denonst rat ed suggq;%gg &t Wi ntade! (B DAGH 8 e WHRHHRI 1 miolE o aEded at i ons

down to 2 or 3 h contr athogen 1n 1 noculated fruit
experi npntwas Tingicidaleot fogistatid; thowmyaelial disstofdhechlum fromethdedssay plate t he
followng 20 non-limting exanples with occasional reference to the
annexed drd# HigssferreXApra ERtEcanigining jNstnPRdm Rlates bversr thewaneritareditfoon
against P gdrlo%Ut (’jlotvlejzgn the %ex edao})‘& i tglr(())v(/]th resumed, the compound was classified
fungistatic, and if growth was not resumed it was classified as fungicidal. The

results are shown in Tables 5 and 6.



25 of essential oils as conmpared to imazalil. The mnimuminhibitory
concentration (NEC) of over 50 conpounds that were found in the oil gl ands
of citruswbrogioessivas eval uated (in vitro) by establi shi ngPCrheodmsusst
concentration of the conpound where no growh of the pathogen occurred (in
vitro) in Petri dishes. Table 5 gives the NEC of the nore prom sing 30
conpounds (as conpared to inmazalil). T requisite anount of each of the WO
03/ 028451 PCT/1L02/ 00808 -21 conpounds to be tested, dissolved in 0.5 m
acetone, was added to a sterile Petri dish (90m) containing 15 m of

nol ten potato dextrose agar (PDA) (50C) to give a final concentration of 1
mg ni-1. THsbldi%s Mindmugenhibitory Coateadrationd M) againseRefigitaliust aridoMiodes of
the test conmpound and the agar was then left to set. The dishes were 5

i nocul at edol_FWeN a nycelial disc (8nm) cut froman agar plate culture of P
digitatu ot—yet—begu——spe re—ycetta [SCs—E

pl aced in y ofd
i nhibition was nmonitored by neasuring, e diameter of hyphal growth after
7 days. A further test was nade (in w%ro) 0 i nvestigate whether the node
of action to was fungicidal or fungistatic; the mycelial disc of inoculum
fromthe assay plate was transferred to a plate containing just PDA.

Pl ates were thelmambhiltored for grow#.@%r the next 5 day¥ungitidgt owt h
resunmed, the cogpound was cl assified &Jngi static, and if growth was not
resuned it was EF fied as fungici @92 The results are SHBgIER Tables 5
and 6. WD 03/02 CT/ 1 L02/ 00808 - Tabl e 5: M ni mum | ghi. bi y
Concentration (ﬁl Of;gai nst P digi tatozulrzn and Mbdes of Acti Eﬁhggf(@[Conpound
M C Mode of actNgAandly M- agar Imagpgil <0.025 Fungici dakypgistatic

Citral 0.4 Fungicidal
Cinnamaldehyde 0.4 Fungicidal
Perillaldehyde 0.4 Fungicidal
Perillalcohol 0.4 Fungicidal
Citronellal 0.6 Fungistatic
Terpineol 0.8 Fungicidal

Carveol 1.0 Fungistatic



Decanol 0.05 Fungistatic Octanol 0.1 Fungicidal Nonanol 0.2 Fungistatic
Citral 0.4 Fungicidal G nnanal dehyde 0.4 Fungicidal Perillal dehyde 0.4
Fungi ci dawo oBe2d451 al cohol 0.4 Fungicidal Citronella) 0.6PENADIZ08IS C
Terpineol 0.8 Fungicidal Carveol 1.0 Fungistatic WO 03/028451

PCT/1L02/ 00808 -23 Table 6: Inhibitory Effects of Various Conpounds
against 3 different species of CitrusZ33athogens in the In Vitro Agar

Di ffusion Assay. GROMH I NH BI TI ON AREA OF THE PATHOGEN (cnR) Conpound
Geot ri chunTfisiei i Inhivitor AR fescaabf a’arlgﬁtﬂ@cﬂgiﬂu 18 laicginBd 8idifferent Bp&dtd bf 8. 3
Total inhibition 42.8 G nnanal dehyde 24 Total “inhibition Tot al

i nhi bi ti orCibatisdtatiogens irethe 16 \atrow@wrihlffu@mﬁ%s‘ﬁaym i nhi bition Tot al

Pori |1 a 32hyéeo-créﬁﬁiéwﬁﬁ%Ml@ﬁ%ﬂﬁ%ﬁéﬁﬂ%%ﬁéﬁ%ﬁ%ﬁh on G tral

10. 6 Tota bpogpaot T ! enifi TEFRALE s o

i nhi bition whic

agar (Difco) was prepared and s hll}dtﬁr‘i’d The Wgpnas  then ggpled in a
water bath to 50C prior to mocE?atlon by the g?glhtil};gn of a

Imazalil 8.3 Total inhibition 42.8

Cinnamaldehyde 242 Total inhibition Total inhibition
Octanal 3.6 2.6 53

Decanol 0.95 Total 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 P. digitatum spores in sterile water, to make the final concentration of
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
Whatman 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 completely
inhibited.



suspension of P. digitatumspores in sterile water, to nmake the final
concentration of to spores in the nediumat 104 spores/m . The nmedi um was
gently mwed3ez4di sperse spores evenly prior to di spensi RgTABO2/0848Nt 0 each
90 mm di aneter Petri dish. Five ng of each substance to be tested were
pipetted into a sterile 13 nmantibiotic Watman assay - paper -disc which
was placed centrally on the inocul atedgar plate. Plates were incubated
at 24C for 3 days. Antifungal activity was nonitored 15 by neasuring the

wi dth of the clipasthepegpdrients H@atadee sHowi)eit RRddefoutidsthat Qittahandr 6ther Of
fungal growth. Values are for the radius (m) of the zone of inhibited

growt h of ess¢ndiapatilsofpemudationk evéret effeddivehin Tontedlling tirbvth of the dhngt Pat

grow h was conplete|ly. inhibited. WD 03/028451 PCT/1LQ2/008Q8 .- | n ot her
exper i nent‘ég(%‘%a"ﬁl)?fgﬁg?ﬁﬁ)mat KYAEL% GUAIPVOTALR AL PR n Iﬁ‘g?w‘%@é@gnt i al
oils formggglil&ps were effective in controlling growh of the fungi P
digitatumfand of the bacteria Erwinia carotovora, a najor pathogen of
agriculural produce. 5 Exanple 2 Unbl em shed grapefruit were harvested
fromthe orchard and on the sane day sorted again in the |aboratory to

el i m nate injurkexhoiplai2t . The grapefruit were washed with tap water and
air-dried. Each fruit was then .inoculated by piercing its to flavedo tissue
1. 5mm deep wi t hURblesished grapefb wong haryesied fsem) the oaalqrﬁra@é IR

ites. Prigr to each.piercing, the togl was imersged..in. a spore. ensi on
of  Peni ci 9 el Gkt i ERlora L Ftimrateripltiicg e fhE SMREHC WA e o
kept at _17\9ash%HqVi§5€/%)r@Jltéf hYEaitldfed! tBécB(Huit?&fa@%ﬁn@éﬁl%d‘@}'ﬁ&dr@eﬁs
grapefruit were divided into six groups and grapefruit from'each Tgroup
wer e t ratftaledy tdsypl Sorh deep withrd tool axotforating thage neddixs; at(thjee 2fferehtianol

(EtOH); (c) 0.2% Geraniol in 25% EtOH; (d) 0.1 % GCitral in 25% EtCOH, (e)
0. 2% Gi tr afitepn PBop fa eechamieremg, thedeali Wasimmerssban gt spqre 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 grapefruit from each group were treated by dipping for two minutes

15 in: (a) water; (b) 25% Ethanol (EtOH); (¢) 0.2% Geraniol in 25% EtOH; (d) 0.1%
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 on 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 rapid rise in decay of
the EtOH treated fruit began and three weeks after inoculation more than 50% of
the fruit were rotten.

25 In contrast, fruit dipped in 0.2% Geraniol and 0.1-0.2% Citral dissolved in
25% EtOH showed a lower rate of decay and on the 18" day after inoculation only
20-40% of the fruit in these groups were rotten. The most efficient inhibition of
decay resulted from dipping of inoculated fruit in 0.2% Citral dissolved in 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.



The percentage of rotten fruit in each group was neasured on each day after
treatnent and the results are shown in Fig. 3. 20 As seen in Fig. 3,

control fwoios/ogsdspped i n water only) devel oped decay rapiPdirgLo2zmels ng 100%
ei ght days after inoculation. Decay of fruit dipped 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 weelksd after inocul ation nore than 50% of
the fruit were rotten. 25 In contrast, fruit dipped in 0.2% Geraniol and

0. 1- 0. 2% (Tlig dbsedbf s o\iall Was 2%ifh Ghitl s dileexperimmg fenhadcedafecale day t@nd on
the 18th day after inoculation only 20-40% of the fruit in these groups

wer e rot t ephytatheicitpst ef ficient inhibition of decay resulted from di pping
of inoculated fruit in 0.2% G tral dissolved in 25% EtCH which conpletely
i nhi bited decay of fruit until 18 days after inoculation and 30 resulted in
only 20% of thg;r@”% Z,showi ng decay as |late as 28 days after inoculation.
WO 03/ 028451 P 0808 -25 The dose of 0.5%citral was too high and

in thissexperi negho@hane afoclgaay ushdwn iRNEkahpki 2idnd tley@apPvith3arkl Lemons
were inocul ated as shown in Exanple 2 and treated with and w thout 25% of

et hanol t owithewtl2 5% ef bthanolte check whetheothe H)0epprh sif the emUisefzer Bocencll d
stabilize the_anti fungal agt':i‘%l%it of, citral . ggsum, shown in Flg. 4,
denmonst r at®@ud stabilize “thgna gol Sstighy Toleeitralp R cetiorme incFigi fy of
citral. Additional i.t. prevented t n OX1CI t J caused
by citral qEnoste oh%f §1§18|°x988""g§f3‘é’t“h£‘ﬁg?”?¥‘é bS‘HT%‘/‘%%gﬁ%ﬁﬁ“‘?‘ﬂ??’g%@ab| es
t he for mat A gdfitighalfy it\s&bx‘é{/é}ﬁ%!tﬁé Sabtosd:abine e us Usaly Whised B st nbhe
phytotxicity by allowmng wuniformdispersion of citral, whi'’ch is phytotoxic
by it selof dissolvesis dycaticarol.r Frobaidy thehemulsifieener2blesoni nfedmaiiomn ohea
anti oxi dant  BHA coul d substitute for .the ethanol in the fornmulation. 15
microcolloidal stable emulsion, which prevents the phytotxicity by allowing
uniform dispersion of citral, which is phytotoxic by itself in these concentrations.
Thus, Tween 20 combined with the antioxidant BHA could substitute for the

ethanol in the formulation.
15

Example 4
Non-inoculated Washington navel oranges 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
20 0.2% Citral in 50% Ethanol; and (e) dipped in a 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 fruit following treatment
25 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 with the
0.02% emulsifier was probably caused by the phytotoxicity that was seen in this

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



Exanpl e 4 Non-inocul at ed Washi ngt on navel oranges were divided into four
groups which were treated as follows: (a) no treatnent; (b) dipped in 50%
Et hanol ; Wo)3/oek4pped in 0.2% Citral in 0.02% L-77 Enul si f iP€T/I{.G0ewsuUs

enmul sion); (d) dipped in 20 0.2% Citral in 50% Ethanol; and (e) dipped in a
0. 2% aqueous I mazalil solution. Oranges were then stored for four nonths
at 15Cin 50-75% relative humdity ard6-Hhe percentage of rotten fruit in
each group was neasured at different tinme periods after storage. The
results are shown in Table 3. As can be seen in Table 3, the percentage of
rotten fruit following treatnent 25 with the inventive formulation (0.2%
citral in 50% efxenple)S was significantly lower than that of the treatnent
with either citral in an aqueous emrmulsion or with ethanol alone.
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| evel o Ier. 451 PCT/TLO 0808 -26- Exanple 5 Medt cuts

of beef wedrd ditotal ecuntrdfotht haickebiklopomdationirgeashpsical eyt wagbairiedadt nmeat
cuts; (b) nmeat cuts dipped for 30 seconds in 0.2%Citral dissolved 5 in
20% et hanoveekphaftere treatmant. wehe residis shoved) that the total enwmts of amicrebialini dity

o 5 o i el e B Bl SRR o VA e
m orobi al RORYYALE AR bl L TR ithe nbhERAEA d¥arldlg citral dissolved in
was an o0of th

20% Et hano ess e total count found in the non-treated
meat cufys. 10 Exanple 6 Lenons inoculated with Penicilliumas shown in
Exanple 2 were dipped for 2 mnutes in an aqueous sol ution conprising
citral, enul sifExamplg6i t on X100) and

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

2 minutes in an aqueous solution comprising citral, emulsifier (Triton X100) and
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. S. The
effect of 0.1% BHA in enhancing the activity of citral in preventiﬁg the

development of the pathogen is clearly shown.

Example 7

20 Lemons inoculated with Penicillium 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 of 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 ppm imazalil prevented decay

25 completely and enabled reducing 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.
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BHA at various concentrations. The concentration of Citral is 1.0% The
control |Is solution was conprised of 0.5% Triton X100. The results are
shown i n Wo@3/0%m45The effect of 0.1% BHA in enhanci ng thePattiLez/aogosof

citral in preventing the developnment of the pathogen is clearly shown.

Example 7 20 Lenons inoculated with Penicilliumas shown in Exanple 2 were
treated with an aqueous sol ution conprd’stng 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. 6Examhpme®al il concentrations of 1 and 10 ppm were insufficient

to control conpletely decay. However the agdition of 0.5%citral to the 10
ppm i mazal i | prlesmonseihodelated Wih dRamidiBiueh \| 0aspbresiatl| wererdipped agapdathr t he
dosage and residues of this effective, but _undesirable, synthetic .

fungi ci de. MARAGUEOYS HULGR ¢QINPEYNG cﬁmwaamqrger&i( wegh 205 ither sseddishy

adequat el y,., but L er. ( i it fi.
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104 spo %e?dﬁodVﬁ*ﬁx thd@%e&eﬁﬂts dffnfdrobial pAiteditchseved! with @iese VBHbUST NY
citral and a detergent (Tween 20), other essential oils as well as sone
conbi nat i casseftial hodlsnareestedviredhi Vable sk eBomal obitlese agsderikmbtoifsorpastidilady i od of
si x days. The results of mcrobial protection achieved wth these various
essent i al @IENIS idEAling opdBph and neshire o1t SeNEE c&xeaal P, Wegesmore

particul ar] cinnam c acid. vanillin,. tanol. a 1 X1 ur f ver
esent i ai dlocube By iefs, Bepérimf, mo il B08LRAL: Melh b RL BRI 2

Addi ti onal Jiyiskhsl fase@londery against P digitatumlasted |onger. 10 TABLE 7
Ef fect of various essential oils on percentage decay of inoculated fruit

kept 6 jpdays at 20C

TABLE 7
Effect of various essential oils on percentage decay of inoculated fruit kept 6
days at 20°C
No. TREATMENT % Decay
L Water dip 7
5 Ethanol 25% 30
3. 1-octanol 5000 ppm + EtOH 25% + Tween 20 5000 ppm 7
Citral 1000 ppm + 1-nonanol 1000 ppm + 1-octanol 1000
ppm + Carveol 1000 ppm + EtOH 25% + Tween 20 4000
4 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
7 Benzaldehyde 2500 ppm + EtOH 25% + Tween 20 2500 ppm 20
g Citral 2500 ppm + EtOH 25% + Tween 20 2500 ppm 13
9. Vanillin 2500 ppm + EtOH 25% + Tween 20 2500 ppm 7
0. Carveol 2500 ppm + EtOH 25% + Tween 20 2500 ppm 3

15



No. TREATMENT % Decay 1 Water dip 73 2 Ethanol 25% 30 3 1-octanol 5000
ppm + Et OH 25% + Tween 20 5000 ppm 7 GCitral 1000 ppm + 1-nonanol 1000 ppm
+ 1-oct arwD 0302K35ppm + Carveol 1000 ppm + Et OH 25% + Twee®CZOLERIDB0S 4 ppm 7
Trans-ci nnam ¢ acid 2500 ppm + Et OH 25% + Tween 20 5. 2500 ppm 3 6
1-octanol 2500 ppm + Et OH 25% + Tween 20 2500 ppm 10 7 Benzal dehyde 2500
ppm + Et OH 25% + Tween 20 2500 ppm 20— Beitral 2500 ppm + Et OH 25% + Tween
20 2500 ppm 13 9 Vanillin 2500 ppm + EtOH 25% + Tween 20 2500 ppm 7 10.
Carveol 2500 pp[m;am@(g—l 25% + Tween 20 2500 ppm 23 15 WD 03/028451
PCT/ 1 L0O2/ 00808 Exanmpl e 9 General procedure for obt ai nr ng a nost
active crude ex@emaral prapgdune tithinung ginasiive 1051
t aken and xtracted overnrght |n 5 drchloronethane t hen exposed to

sunlight f ut 18 hours until the color of the dichloronethane extract
turned brovvn. I and f r r.of
Wat man paper . e ex dsogl )t?r (;%gp)mg\gase\'t/%%grgﬁ é){lfa%‘dan‘ O%}Iﬁ%ltﬁ ir?

di chl or amediopReorAHahd) Qhélﬁ@ﬁﬁbskd 90! SlinlVEkt FHUABAR T 8SRINAS BAIdhEXolor of the
chromat ography with a silica 60 columm using dichl oronmethane as a carrier.

Two to frahthbrmncthanle odxltnacb ternhd nterowon el log efkwedodwam&lmdodr ad | fdtdred s,
were obtained after chraq ogr aphy. e crude ve extract vvasd sol at ed
by evapor ahrenghop laper @f e atman paper. lhe extracte so ution was evaporate

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 fruit 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. Effect of the

15 compounds on pathogen development on the fruit was checked daily during
storage. The effect is shown 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,
imazalil 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

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



di chl oronet hane fraction. Lenon fruit inoculated with Penicilliumdigitatum
104 spores/m were dipped 24 h after inoculation in an ethanolic solution
conpri si Myo®B/0284he extracted vanillin-positive conpounds &ad/ILé08Kept at
200C. Effect of the 15 conpounds on pat hogen devel opnent on the fruit was
checked daily during storage. The effect is shown in Fig. 7, for various
concentrations (10,000, 5000 and 2,500?9ppm of crude extract) conpared to
the effect achieved by an ethanol solution, imzalil or water. The 10, 000

ppm crude Wi (el ascsal &itERYsePB el ag dctivittor. RN ghmadtivabrs; fe axatpdgen. |In
such a high dose of the crude extract, sone fruit 20 showed sone
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| i ronene. nene- nydr Oper oxi des Were prepar y the

fol I ow ng [iyM, fagettso ikeMmdrneABhg o peRpddEeproduBy phot ooxi dation: The
conversion of |linmonenée and the yield of the 30 reaction was nearly 100%

after approxi mat Rout82hVia shetergenous ¢atalytic Poute (f0 GightNOS0diuaeBEBbdate
PCT/ 1 L02/ 00808 -29 was used as a sol vent, Rose Ben as activator. O her

I
light actiWaeleO: 3:0kwanpied asagaalysing9 ml &pg%%r@?% /@ aan oxdationn.

Hi gh- pressure. nercur 1 th i e . 0
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| aser al so gl ve 11 nonene-hydroperoxi de product. Route 2: Via a heterogenous
cat al ytioc meaction fime wiklgbéntinuSas! stirringb TH1bdaheersiphiadMmidncake2my thegiclbofl as a
catal yst, 300 ml_ concentrated H2O2 as an oxi dation agent was added to the
sol vent, tteremtion vEasmarlyd80¥eact i on conditions to get the

The products of the two routes were compared. Gas chromatography
measurements showed approximately similar product distributions. The antifungal
activity of the products prepared in the two different routes was checked in the

15 same method. Lemons inoculated with Penicillium (104sp0res/ml) were dipped in
an aqueous solution comprising limonene-hydroperoxide, a detergent (Tween 20),
and ethanol. Decay was evaluated at specific intervals during a period of 26 days.
The results of microbial protection achieved with these mixtures are shown in Figs
11 and 12.

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

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



desired products were: atnospheric pressure, 500C tenperature and 5-6 hours
10 reaction time wth continuous stirring. The conversion of |inonene and

t he yi el dwofos/oedasl reacti on was nearly 100% The products @CTihe/asas r out es
wer e conpared. Gas chromat ography neasurenents showed approxi mately
simlar product distributions. The antifungal activity of the products
prepared in the two different routes wa¥ checked in the 15 same method.
Lenons inoculated with Penicillium (104spores/m) were dipped in an
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Route 2, the fornul ati on used conpr, sed 0.5% gnd 0..25% 5 .
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activity and enhances the phytotoxicity, and at the end of the reaction it must be
removed from the active compound.

15

Example 11

Lemons inoculated with Penicillium (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-octanol at concentration
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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| enons did not devel op during 12 days (Fig. 12). The dose of 0.5% LHPO gave
conplete control of decay and 0.25% LHPO had still sone decay devel oped.
The contwolo3@zd4at i on, conpri sing 2% Tween 20 and 25% Et OPCedhiZdriosed very
|l ow antifungal activity (90% decay) showi ng again that the active conpound
Is the 10 |inonene-hydroperoxide. Route 2 is preferred, in view of the
fact that the Rose Bengal, which was —tded as a catalyst in Route 1, had
undesirable effects: it reduces the antifungal activity and enhances the
phyt ot oxi CEfampleN@ at the end of the reaction it nust be renoved fromthe
active corrpoun%. 15 Exanple 11 Lenons inoculated with Penicillium (104
spores/ m ) wer ePwiepliradnéne was exgossduto sailight dor ¢lneprhicsirn gA ciniarabiociglal

detergent (Tween.20), other essentjal oil . conponents as well as a
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results of eéctron achie rous essential oils

are shawnwitR FgnfbillGm Totespersdhlweiedippéd for dnk meiRbRCorive Wi 6 ifblirtimadd
1-octanol at concentration of 0.5%and 0.25% respectively showed

i nhi bi ti onomef deycier devellaporerin thercompaesiti®@b cohgmisin@ they surflighg. exppsedrhese
treatnents resulted in | ess th% 5% Ql&c \Ahi‘g that of the control was
found to bdmgpens eelutinhrangkstoreddf 2bkallifect | s the gum tiegegd limaneng L,y

d af i nbij ' f.0..25% cj I %
coour o0, el S TR OB R B BB AL SRR
0.125% Sufeldpat &F MiHEE 8Ndif A Yenkr? fodih- dipOodelay Pedifttidn. Data
PCT/1L02/ 00808 -31- Exanple 12 Pure I nonene was exposed to sunlight for

t hree hpursiggdstrithatrthbiresultd are greatly affected by the amount of the material absorbed
by the pathogen or the fruit tissues. This figure shows that limonene treated by
sunlight gives better 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% ethanol and a detergent (Tween 20). Lemons
inoculated with Penicillium 10° spores/ml were dipped once or three times in the
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 development
on the fruit was checked during one month. Fig. 10 shows the similar decay
25 inhibition by the 25% alcohol 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.

30



conposition was prepared by dissolving the treated |inonene in an aqueous
sol ution containing 25% et hanol and a detergent (Tween 20). Lenons

i nocul at ee0H31g481 Peni cil |ium 104 spores/m were di pped f®CTane/0v8osut e once
or up to four tinmes one day after inoculation in the conposition
conprising the sunlight exposed I|inonene solution and stored at 20C.

Ef fect of the sun treated |inmonene on—3gathogen devel opnent on the fruit
was checked daily during storage. Fig. 9 shows the effect of nunber of

di ps and Egagiple pf each dip on decay reduction. Data to suggest that the
results are greatly affected by the anmount of the terial absorbed by the

pat hogen or t heCélisuiof wild gyps Siapfydodicgus eushoweSxd Azt ODsmofiehd] 9 sared by

o one oL oW A 1 Eullererbiodt (eY1MBha e WAin RIS RN Pt
254 f t A i ohi qci { t4

i ssot vt o N RELOGH" P Bae A ERAMeA e ShmE0SRARle f PR 20B0boty,

et hanol sangual, d8hediRtol GRIERIN02EPm FREBND0. ISaRpIt 2t 8snphidd FetieCidrhdé um 104

spores/ m were dipped once or three tinmes in thée 20 solution one day after
i nocul at i csubkancenas sampleel itogdther withagHGID ed)0spprt amein 3601 gpprs BiH Ad Bath 20C.
In the case of nulti-dip, fruit were left to dry for one hour between two

consecut i viamples | ande? srnifiqangy inhibitgd el grpwtheof iStapdiriogorenawrieast e
| hogen..d t the.fruit d dur.ing.
ot Fi o R st PR RRfes 2O st SANPEES oS SR B S

sol ution mg% ipin 2500 ppmof UV treated |inbnene
(defi ned g@?ﬂ@ﬁfﬂ{ﬁﬂ% t Ele(gi%lg%?g utive dips in the UV treated |inonene,

(define@ as 3UVL3) had nuch better decay control of all these treatnents.
The control solution is an aqueous sol ution containing Tween 20. 30 WO
03/ 028451Erampla 09/ 00808 -32- Exanple 14

Cells of wild type Candida albicans (1x103) were grown on culture broth at

37°C with different concentration of extracts 50-100ul. OD was determined at
600nm.

15 The following treatments in 6 different tubes were given:

TUBE 1. 2000 ppm Citral + 25% Ethanol + 2000 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.

20 TUBE 4. 2000 ppm Sun-treated limonene + 25% ethanol + 2000 ppm

Tween-20.

TUBE 5. 25% ethanol + 2000 ppm Tween-20.

TUBE 6. 25% ethanol + 2000 ppm Tween-20 + 500 ppm 3-CD +300 ppm
BHA.

25 2000 ppm Citral in 25% ethanol and 2000 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).



Cells of wld type Staphyl ococcus aureus (5x108, OD600 = 0.219) were grown
for 3 hr in culture broth (cy/gp)at 37C with different concentration of
extracts W0-030%H451 OD was determ ned at 600nm Sanple 1 corpmilEe08i8 2000
ppm5 citral, 25% ethanol and 2000 ppm Tween 20. Sanple 2 conprises of the
same substances as sanple 1 together with R-CD 500 ppm and 300 ppm BHA.
Both sanples 1 and 2 significantly indited cell growth of Staphyl ococus
aureus. The sanme conpositions of substances without citral (SAMPLES 3, 4)
did not inhibit the growh of the pathogen (Figure 14). 10 Exanple 15
Cells of wild type Candida al bicans (1x103) were grown on culture broth at
37C wi t h di f f erAlthougintlenimvention fs koanr desosibed-in0conjumdionasvitiespacifited at
600nm 15 The followng treatnents in 6 di.fferent tupes re given; TUBE 1.
2000 ppm cﬁmb%émn@s%l £KideaY that D16BY aPpmatiYELH] mﬂafmﬁvgﬁé@o@g’%{%t@um +

25% Et hanao) _+ ppMween- 2 -

Sun-tr eat eﬂgo G ﬁg’ﬂ%ﬁeﬂlﬂ%ﬁﬁ ‘5‘pM@gﬁbgg&%ﬂ%@%’@%é&%ﬁ%ﬂ@g’m 1%t ed

| i noneng Hng&icH Ranfbnded2Pnbpabe dNVesNthd CalteliRived - andd Var@dtivag othatt fAP00 ppm
Tween-20. TUBE 6. 25% et hanol + 2000 ppm Tween-20 + 500 ppm (3-CD +300 ppm
BHA. 25 20@bhimthe epirit ahd sco59bhtbe hppeaidedothi®®00 ppm Tween 20, or the sane
substances together with (3-CD 500 ppm 300 ppm BHA, or sun treated

| i ronene dissolved in either 25% et hanol or 2000 ppm Tween 20 conpletely
inhibited cell growh of this organism The sane conpositions of
substances wthout citral or sun treated |inonene (Tubes 5 and 6) did not
inhibit the growth of the pathogen (Fig. 30 15).



WO 03/028451 PCT/1L02/00808 -33 Although the invention has been descri bed
I n conjunction with specific enbodinents, it is evident that many

al ternat iwes3ardsvari ations will be apparent to those skiPCirabozoesishe art
in light of the foregoing description. Accordingly, the 5 invention is

i ntended to enbrace all of the alternatives and variations that fall
within the spirit and scope of the appedded cl ains. WO 03/ 028451

PCT/1L02/ 00808 -34- CLAIMS: 1. A mcrobiocidal aqueous fornulation
conprising: (i) an effective anpbunt of at |east one essential oil
conponent, or derivatives thereof, said derivatives thereof obtained by
exposure t mlaﬂ& or by oxidation, 5 or mxtures thereof; and (ii) at

| east one additional stabilizer selected frogmthe group consisting of
et hanol i nl-af\ BHeFERtocHtal pawsaus dosnelation GPMBYSHEan enul sifier, an

anti oxi dant, ok, an sul ati.n ent. 2. A m.Cr.ohioci .
conposition ac )O%Fﬁg&f‘% W%‘i‘%o%,a?gﬁ?éf g% e%sgpﬁal (ilggélﬁﬁblgﬁﬁ @?&Iﬁg}é@é@éct ed
fromthe grounheRBPIsad ddivativad thekNobtRd/ BY Bﬁ,sosﬁk&m@%ht orPloxadaeRihy | ene
sorbitan nonol aurat'e, pol yoxyet hyl ene sorbi t'an 'nonool eate, 0ctyl -phenyl
pol yet hgr al cadrahixturesrthereofeand her eof 3. A microbi oci dal aqueous

formul ation according to Caim1, wherein said antioxidant is selected

from the groudiidcpeassiong aditiena)|stahilizesysplestsrhbionnithe e1onp BApYistings ebr bi c
o5r e, DUty B OLAER L Borh R B eI B SERRBEL He o

20009 L5 Sl e psLL 2 0 agont | cplected from
(3-cycl odextri nA afs®bibciddiagaeas eompdsitiér aerdingrtelain?@, wherin said

m crobi oci dal aqueous fornmulation according to Claim1, wherein said

10 emulsifier is selected from the group comprising of alkylaryl polyether alcohol,
polyoxyethylene sorbitan monolaurate, polyoxyethylene sorbitan monooleate,
octyl-phenyl polyether alcohol or mixtures thereof.

3. A microbiocidal aqueous formulation according to Claim 1, wherein said
antioxidant is selected from the group comprising of butylated hydroxyanisole

15 (BHA), ascorbic acid, butylated hydroxytoluene (BHT) isoascorbic acid,
a-tocopherol, B-carotene, or mixtures thereof.

4. A microbiocidal aqueous formulation according to Claim 1, wherein said
encapsulating agent is selected from the group comprising of cornstarch,
maltodextrin, silica gel, B-cyclodextrin, casein, chitosan and mixtures thereof.

20 S. A microbiocidal aqueous formulation according to Claim 1, wherein said
essential oil component is selected from the group comprising of monoterpene or
sesquiterpenes hydrocarbons, oxygenated terpene derivatives, non-terpene
derivatives such as aldehydes, alcohols, acids, esters and phenolics.

6. A microbiocidal aqueous formulation according to Claim 5, wherein said

25 essential oil component is selected from the group comprising of perillaldehyde,
citral, terpineol, terpinen-4-ol, perillalcohol, carvone, carveol,
6-methyl-5-hepten-2-one, C7.1CHO, C7.100H, geraniol, limonene,

cinnamaldehyde, cinnamic acid, carvacrol, vanillin or mixtures thereof.



essential oil conmponent is selected fromthe group conprising of
nonot er pene or sesquiterpenes hydrocarbons, oxygenated terpene

deri vati Ww©,03/02835t er pene derivatives such as al dehydes, &Crtahe/®sgosaci ds,
esters and phenolics. 6. A mcrobiocidal aqueous fornulation according to
Claimb5, wherein said 25 essential oil conponent is selected fromthe
group conprising of perillaldehyde, ei3ral, terpineol, terpinen-4-ol,

perill al cohol, carvone, carveol, 6-nethyl- 5 hepten 2-one, C7_11CHQ,
C7_100H, gerani @l mibloBRIADE a u%d%“ﬁ)?ﬁlh% ﬁ%@d@alﬁf”jdwhél%ﬁﬁ' a&ido! ,
vanillin or m xtures thereof.” WD 03/ 028451 PCT/ | LO2/ 00808 " -35 7

ni cr obi oci edaéntiad wilocamporiensligtseleoted citomdihegerbap Coasistibg ofifuitral; lgemmcd
essential oil conponent is selected fromthe gro onsi sti ng of citral,
gerani ol , caggacyele l srctannl operibdehyger decpaelsinpaaal &w deosinnamicrasihl Aehy de,

ci nnam ¢ acnxgg 35 a .mxture thereof. 5 8. A m crobiocidal aqueous

f or nul at i JHXUE 96 to daim1l, wherein said essential oil conponent
derlvatlv is o r i :49. A
i cr obi doial aé*ufi%é‘ég R AR rOBloR AcoBRIREfo IR RERBEIIE Soig

oxi dation esSemiameéieramqmmt aleridativenisi oxidiredptiasmese mbtferabipl ibhdatee sal t.
10 10. A m crobiocidal aqueous formul ation according to Claim1, wherein
sai d esseh}tdr@peroﬁilﬂeconponent derivative is |inonene exposed to sunlight or

ultraviole i rradi.at | 1. A microbjocidal ueous, f.or tion according
to O aim 1 mé\rgwro Reidal ahptuRaorgulaRe cRoRine th it Jo eIt 9ol et

I rradiatio to%rls 'att%teﬁééérﬁ%'o%&ftloﬂ% 'tﬁ preg%c@%#'drrﬂ&lilﬁﬁ’é’[g%glt.. 12. A

m cr obi oci aqueous at’ion accor Rerein a natural
source ﬁonﬂﬁ' ni Mnﬁcr@bfscma@ gﬁe(ﬂi%s%hﬁlltloﬁ' dcc@ﬂimgrt@mﬁnpcpmhmmga@f an
anount of |inonene is exposed to sunlight or ultraviolet i rradiation prior
to the exdssential @il cémpdrentskeenaiivd islinonenperposed. to sunlight or ultraviolet

irradiation.
11. A microbiocidal aqueous formulation according to Claim 10, wherein the
limonene is exposed to sunlight or ultraviolet irradiation after its extraction from its
15 natural source.
12. A microbiocidal aqueous formulation according to claim 1, wherein a
natural source containing a mixture of essential oil components comprising of an
amount of limonene is exposed to sunlight or ultraviolet irradiation prior to the
extraction of the essential oil components.
20 13. A microbiocidal aqueous formulation according to Claim 1, wherein a
' natural source containing a mixture of essential oil components comprising of an
amount of limonene is exposed to sunlight or ultraviolet irradiation after its
extraction from its natural source.
14. A microbiocidal aqueous formulation according to Claims 12 or 13,
25 wherein the natural source containing a mixture of essential oil components is
citrus peel.
15. A microbiocidal aqueous formulation according to any one of claims 10 to
14, wherein the limonene or mixture of essential oil components is exposed to

sunlight for a period of about 4 hours.



20 13. A m crobiocidal aqueous formul ation according to aim1l, wherein a
natural source containing a m xture of essential oil conponents conprising
of an arwonB/oed451 i nonene is exposed to sunlight or ultraeceliee/dosesadi ati on
after its extraction fromits natural source. 14. A mcrobiocidal aqueous
formul ation according to Clains 12 or 13, 25 wherein the natural source
containing a mxture of essential oil —c?xﬁrponents Is citrus peel. 15. A

m crobi oci dal aqueous formul ati on according to any one of clains 10 to 14,

wherei n thgg | | MDERGoBIocidaX hifiul fodmaaién Qécdi’dl'n Q@'Kﬁg'@)ﬁgbi" CleinRX@oRed to
sunlight for a period of about 4 hours. WO 03/02 451 CT/1L02/ 00808 -36

16. A mi crbhivaosrelial thadineeneseforrthe hekiuoe ofiessentlalngil compoyermnés eXpoStditors 10
to 14, wherein the |linpnene or the m xture of essential oil conponents is
exposed t diltraviolt ijadiasion; PF&@?@P@@ﬁabQ}%t-”ah%ﬁ?lod of about 3 hours. 17. A

bi | f ti t th 5
concent ?g't For o B el RFERE iOuiing. Bof lfapoteiet OFs.
i cr obi GOl GakcARRANST HECRUA ANIRSRTENAE19, ol 19, wherein he

concent rat I on Irradi ated |1 nbnene or m xture of essential oil

conponent s18.s I,Annnmbt@ﬁtgﬂ aqhiedusofsraiition 1He06rdihg to Clditm 86 0wherkih tHe0 L
L_1. 19. A mcrobiocidal aqueous formnulation according to dai m 1,

conpri si ngcaasentraicanoflightvrradisteddimonensi arrmixture-afotssensial ail¢omponants isf

essenti al ri.sing.jof l; amount of |inonene

exposed tdngtﬁrarr%to?g? PP?'&%(QP&Lgll ?3@%35&@%&@ 1-i ts extraction. 20. A

i or obi oot ial aAuRUSLRKINALLAR BRAGLAPAYCLGANACAmACTBEL B A5 a0
ano

active corrponen ure O essen
conpri sjontan A&tiaf c@m}iéhéﬁtaﬂﬁﬂaﬁ' I@MBI afll mieReBe e§§d@@i§?%ﬂt @orﬁgaﬁérﬁ@t or

ultraviolet irradiation after its extraction. 21. A m crobiocidal aqueous
f or mul at i coonagresingliohg substahtialnamodnirdaflenonene exposed to sunlight or ultraviolet
irradiation after its extraction.
20. A microbiocidal aqueous formulation according to Claim 1, comprising as
an active component 1-octanol and mixture of essential oil components comprising

15 of a substantial amount of limonene exposed to sunlight or ultraviolet irradiation
after its extraction.

21. A microbiocidal aqueous formulation according to claim 1 further
comprising an additional biocide in a concentration of from about 5 ppm to about
100 ppm.

20 22. A microbiocidal aqueous formulation according to claim 21, wherein said
biocide is chosen from the group comprising of imazalil, thiabendazole, panoctine,
rovral, prochloraz, sodium orthophenylphenate, metalaxyl, phosetyl-al, captan,
oxyquinoline, dicloran benzalkonium chloride, canon, thiophanate-methyl,
triforine, carbendazim, triademinol, vinclozolin, etaconazole, or mixtures thereof.

25 23. A microbiocidal aqueous formulation according to claim 1, wherein the pH
of the formulation is in the range of from about 1 to about 9.

24. A microbiocidal aqueous formulation according to any one of the
preceding claims, for use in protecting fruits and vegetables against post-harvest

decay.



conprising an additional biocide in a concentration of fromabout 5 ppmto
about 100 ppm 20 22. A mcrobiocidal aqueous fornulation according to
cl ai m 21, watvasedsnl said biocide is chosen fromthe group ®CEILO2I08G Of

i mzalil, thiabendazole, panoctine, rovral, prochloraz, sodium
ort hophenyl phenat e, netal axyl, phosetyl-al, captan, oxyquinoline, dicloran
benzal koni um chl ori de, canon, thiophana’=methyl, triforine, carbendazim

triadem nol, vinclozolin, etaconazole, or m xtures thereof. 25 23. A

i crobi ocizml  agueausobiptidl dquebus cofhdiafignt Acdrding io Xi‘gﬁ‘r&ﬂen of hthepH  of
the fornmulation is in the range of fromabout 1 to about 9. 24. A

m cr obi oci plateding etaimsf domuseain protectingy fiuitg and wepetables againdteprefhacasti ng
claims, for use in protecting fruits and veget abl es agai nst post-harvest
decay. WO ¢e8AP28451 PCT/ 1 L02/ 00808 -37 25. A mi crobi oci dal aqueous

formul ati oy, accqrdi.ng,to.any one of the.. preceding, clainms, .for use.in

protecti ngﬁ?’r ui &“ﬂ b{ﬂf gﬁpg%usafg)gw%poﬁraé:_cﬂr%qggq cf%agﬁla@r pggyenimg

m cr obi %ciéfiﬂlagggp%?t $ofdul ation according to claim1 for preventing 5
meat or

spoi | age o ish. 27. A microbiocidal aqueous fornulation according
to claim2for B miebicvidal tagaegisofdiiubitiobtaapbidige ac claimauf@yseeaiting. 28. A

m cr obi oci dal aqueous formul ati on according to claim1 for preventing the
growt h of thageewth of Guekiiecoacss agreuncelicr obi oci dal aqueous fornul ation
8004, i S o oY g
dovel oprer CERTEC aflag®. T8 0n of an'of fect | ve anpunt of an
aqueous;of ozgrul ay giicodictidlurR@esus AirAtulaionostcefiThg 16 dMihS 1 N@herein said

essential oil is geraniol, perillaldehyde, limonene or citral for use as a component of

a nutraceutical composition.

30. A method for inhibiting microbial development comprising the application

of an effective amount of an aqueous formulation said aqueous formulation com-

15 prising:

(1) 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 thereof; and

(ii) at least one additional stabilizer selected from the group consisting of

20 ethanol in an amount of from 10% to about 50%, an emulsifier, an antioxidant, or
an encapsulating agent.
31. A method according to claim 30, wherein said emulsifying agent is
selected from the group comprising of alkylaryl polyether alcohol, polyoxyethylene
sorbitan monolaurate, polyoxyethylene sorbitan monooleate, octyl-phenyl polyether
25 alcohol, or mixtures thereof.
32. A method according to Claim 30 wherein said antioxidant is selected from
the group comprising of butylated hydroxyanisole (BHA), ascorbic acid, butylated
hydroxytoluene (BHT) isoascorbic acid, a-tocopherol, B-carotene, or mixtures

thereof.



(i) an effective anbunt of at |east one essential oil conponent, or
derivatives thereof, said derivatives thereof obtained by exposure to |ight
or by oxwoaiozsasi or m xtures thereof; and (ii) at |east @o@/1rediosisonal
stabilizer selected fromthe group consisting of 20 ethanol in an anount
of from10%to about 50% an emulsifier, an antioxidant, or an

encapsul ati ng agent. 31. A method accordding to clai m30, wherein said

enul sifying agent is selected fromthe group conprising of alkylaryl

pol yet her 39 coha| mdiRby AeysHig &N laipP 30 tﬂﬁbr@i‘ﬁ”ﬁﬁlé%@hﬁsulﬁﬁigy apatigyl ene
sorbi tan nonool eate, octyl-phenyl polyether 25 alcohol, or m xtures

t her eof . %lectbdrﬁtohodhea(gcmlpd comptisingl af nmﬁ@tayﬁermalm@a:tm aprciycederdrin, i s
selected from the group corrprl Si, ng of butél at ed hydroxyani sol e (BHA),
ascor bi c adlien gqi@ﬁw@pt%tosmm i soascorbi ¢ acid,

h , f
bcT/ 1 Lo2 oobog A Sgupd Akopihedy Lee ?Qm eer%ﬁf’alg.em@ PaRePhmengat i
encapsulsatdeigt0f0m h% Cgréﬁ’é %sﬁlﬁﬁsﬁn BUP gﬁ‘(rtg HE h§aFaRaF S SseRfuif@péridsar ch,

maltodextrln (3- cyc asei h, chitosan and m xtures

t her eof . %kygénztted hmﬂparecafednvagveso nomiterpdit ddrdadives saicH assealdehgdespi |
conponent is 5 selected fromthe group conprising of nonoterpene
hydr ocar baeghols agidst esters and pherplig§enat ed t er pene derivatives, non- terpene
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Cr_11CHe, t@hﬂ&ﬂﬂol,gpérﬂmwdhol | dafvast ) earv@bn rﬁaﬂﬁtt@wylﬁi@temnwman@ 1 GHO,

carvacrol, vanillin or mixtures thereof. 36. A nmethod accor di ng to claim
35, wher ei Gr-s@H gesandol; linlonehé, ciunapealdehydescinnamic acid, carvacrol, vanillin or

mixtures thereof.
36. A method according to claim 35, wherein said essential oil component is
selected from the group consisting of citral, geraniol, 1l-octanol, carvacrol,
15 perillaldehyde, decanol, cinnamaldehyde, cinnamic acid, or a mixture thereof.
37. A method according to claim 30, wherein said essential oil component is
oxidized limonene preferably limonene hydropeoxide.
38. A method according to claim 30, wherein said essential oil component is
limonene exposed to sunlight or ultraviolet irradiation.
20 39. A method according to claim 38, wherein the limonene is exposed to
sunlight or ultraviolet irradiation after its extraction from its natural source.
40. A method according to claim 30, wherein a natural source containing a
mixture of essential oil components comprising of an amount of limonene is
exposed to sunlight or ultraviolet irradiation prior to the extraction of the essential
25 oil components.
41. A method according to claim 30, wherein a natural source containing a
mixture of essential oil components comprising of an amount of limonene is
exposed to sunlight or ultraviolet irradiation after its extraction from its natural

source.



selected fromthe group consisting of citral, geraniol, 1-octanol,
carvacrol, 15 perill al dehyde, decanol, cinnamal dehyde, cinnamc acid, or a
m xture twereofs4587. A nmet hod according to claim30, wherech/Ise@/@sesssenti al
oi | conponent is oxidized |inonene preferably |inmonene hydropeoxide. 38. A
met hod according to claim30, wherein said essential oil conmponent is

| i monene exposed to sunlight or ultraviXet irradiation. 20 39. A nethod
according to claim 38, wherein the |linonene is exposed to sunlight or

ul traviol e42,i r r adhRiKRNagokdihg it TlAM BRGHh&BIr fheMdti] Balrde @bngiinga. 40. A
met hod according to claim30, wherein a natural source containing a

m xt ur e of megsrenifiesbential oid comporents iscaitrps petlng of an anmount of |inonene is
exposed to sunlight or ultraviolet irradi ationggrior to the e>itraction of
I

the essentddl  Zemsthod-aneerdiag e any pne A RSP fc%%divh@reh?th@ Fm%les@,
wh i | J ini ..m . i al. Qi
compr i si naoaniifte arasietiaf O AlpRoidhes s RoHLE APERCHR ryfriof of abRITET o1 et

irradi atd opugéter its extraction fromits natural source. WO 03/028451

PCT/IL025/ 00808 -39 42. A nethod according to claim30, wherein the natural
sour ce conddi ni Agnethod xdcordingfto any ent iodlclaims 38otpdienheareinstheilimosengeel .

43. A method according to any one of clains 38 to 42, wherein the |inonene
or m xt ur eotomixiyecenf pssential] oik eopRABERLS i3 expossdJedilire vielat irgadiatiasy for peri od
of about 4 5 hqurs. 34gl A nmet hod according to any one of clains 38 to 42,
wher ei n tri?aefﬁdﬁﬁ“ﬁé’ﬁat PURi xt ure of essential oil conponents is exposed to

ultra violgy i ”Aa%g%b&a%écafdiﬂg eciigth %6, 2R Otpé’%ogmel‘ﬁatio% Tt fid

according to daim erel n°the concentration 0 essential oil
i's frompabssént dil% fromddtsuiit 011 %o 46outA%Et hod according to C aim 43,

wherein the concentration of |inonene is
46. A method according to Claim 43, wherein the concentration of limonene is
in the range of from about 1000 pL L 'to about 12,000 ne L'
47. A method according to Claim 30, comprising as an active component
citral, l-octanol and mixture of essential oil components comprising of a
15 substantial amount of limonene exposed to sunlight or ultraviolet irradiation after
its extraction.
48. A method according to Claim 1, comprising as an active component
l1-octanol and mixture of essential oil components comprising of a substantial
amount of limonene exposed to sunlight or ultraviolet irradiation after its
20 extraction.
49. A method according to claim 30, wherein said aqueous solution further
comprises a biocide in a concentration of from about 5 ppm to about 100 ppm.
50. A method according to claim 49, wherein said biocide is selected from the
group comprising of imazalil, thiabendazole, panoctine, rovral, prochloraz, sodium
25 orthophenylphenate, metalaxyl, phosetyl-al, captan, oxyquinoline, dicloran
benzalkonium chloride, canon, thiophanate-methyl, triforine, carbendazim,
triademinol, vinclozolin, etaconazole, or mixtures thereof.
51. A method according to Claim 30, for protecting fruits and vegetables from

post harvest decay.



in the range of from about 1000 L L-lto about 12,000 gL L-'. 47. A nethod
according to Claim30, conprising as an active conponent citral, 1-octanol
and m xt uwe oef2sassenti al oil conmponents conprising of a PETAUISISt | al
anount of |inonene exposed to sunlight or-ultraviolet irradiation after
its extraction. 48. A nethod according to Claim1l, conprising as an active
conponent 1-octanol and m xture of ess¥htial oil conponents conpri si ng of
a substantial anount of |inonene exposed to sunlight or ultraviolet
irradiatiosp.aft & mettifod &Roftihg &8 Tl 301 For Pror@dtim@ciraies AidN épetdbdescrémm 30,
wherei n said aqueous solution further conprises a biocide in a

concent r at prerhaofesf desayabout 5 ppmto about 100 ppm 50. A nethod according
to claim49, wherein said bjocide is selected fromthe roup c ri sing of
i mazalil, ?hi abéhmgtndeaccpingiq @}mrw/éoap,revlsp%&smlb@gp og@aﬁa&ﬁ«ng %gh-

ort hophenyl phengt e tal axyl,. phgsetyl -a tan xyqui nol i ne, dicl oran
benzal koni%‘ﬁl ch?\)r Wg%@aar%ﬁr,dl?ii ph‘gﬁlgil e?ﬂegﬁl‘s'grey?rﬁp{% :Jthg gﬁ%‘?’@en azim
tri ademsnoﬁmp}élﬁ%&%@bh&m%EH&OﬂaZ9' e, or mxtures thereof. 51. A nethod
according to alm 30, for protecting fruits and vegetables from post
harvest deSfiy. VWOn3h&Padé&okdingTiol tlah 0308 G {)re%ntﬁi’g tife pRsvhdoClandidlang to
Caim30, for protecting fruits and vegetables from pre harvest decay 53.
A met hod a®é@ads.ng to Caim 30 for preventing spoilage of neat and fish.
54. A nmethod according to claim30 for preventing the gromh of 5

St aphyl ococcus aureus cells. 55. A nmethod according to claim30 for
preventing the growth of Candida al bi cans.




