WO 03/028451 PCT/111,02/00808 -1 MICROBIOCIDAL FORMULATION COMPRISING ESSENTIAL
5 OILS OR THEIR DERIVATIVES FIELD OF THE INVENTION The present invention concerns means
to inhibit microbial development. More specifically, the present invention concerns formulations and
methods for Waiditieggsmicrobial development in perishable agricultural produses/haasessld and 10
human hygiene comprising of essential oil components or their derivatives obtained by exposure to
irradiation of light or by oxidation, together with stabilizers. BACKGROUND OF THE INVENTION The
decay of perishable agricultural produce is caused~bk-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 synthetiqfyROSFOTHAD PFORMITEA THONSEOMPRBSING RIS ERATICR!S have toxic

residues in the produce. Furthermore, development of resistant strains of microorganisms has also
been obsedved. As a result, severa/@ikh %§ME%¥&FM§ are being phased 25 out by

regulating agencies. The residual toxicity and the potential phasing out gave rise to the development
of alternativez@é@s@hfﬁmgﬁsemly used for prevention of decay. WO 03/028451
PCT/1L02/00 -2 Several of the es are described below. For example, irradiating the

The present invention concerns means to inhibit microbial development.

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

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

BACKGROUND OF THE INVENTION

The decay of perishable agricultural produce is caused by microbial

nfection. Such produce is typically kept for long enough periods of time during

i5 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 light (Ben-Yehoshua, S., Rodov, V, Kim, J. J. and Carmeli, S., 1992.
Preformed and induced antifungal materials of citrus fruits in relation to the enhancement of decay
resistance by heat and ultraviolet treat 5 ments. J. Agric. Food Chem., 40:1217-1221; Rodov, V.
Ben-Yehoshu#)83/Ks#3)1 J. J., Shapiro, B. and Ittah, Y., 1992. Ultraviolet illunpinetian inshsces
scoparone production in kumqguat and orange fruit and improves decay resistance. J. Amer. Soc.
Hortic. Sci., 117:188-192), or exposing the produce ? antagonistic yeasts (Wilson, C. L. and Chalutz,
E., 1989. Postharvest biocontrol of Penicillium rots of io citrus with antagonistic yeasts and bacteria.

Scientia Horticulturae, 40: 105-112).. However U.V. irrgdiatjon may be phytqtoxic and.the biocontrol
3 %}cyzélf %ﬁf‘ggﬁeafﬁe% %95%?\3&? 8?8%%5%% 8’0’5@3@6?‘%&38 equate

with the antagonistic yeggfti iSh
control of the pattiogienal PusthestorailthesslmigndRbaverosiaus Slrandireks/andiagmejof the

relevant health aythoritie Y t yet royed some 1s of them. Citrus fruit, as well as various
other plants, pgggegir%ﬁrg;ni?ggen%ﬁg DARcsHAHINSEE Rt o eitgus BBl tion of

anti-microbial shhglaneesonibehantéissies {Bobay doashire Sy Resotny Jitavidlel @ag-Carmeli,

S., (1992) Preformed and induced antngal materials of citrus fruits in relation to 20 the enhancement

of decay resistREE by aPatiSltiet HEiahEl2 ) Befny, Yobsme Nehoshng; SakimpJ
Ben-Yehoshug, SsHREROVEY, drantidl; Q;. aosbKinyitdavlolel SPRMsGIIM GRS (WRgat Gampounds of

citrus fruit: effect of postharvest treatments with heat and growth regulators. J. Agric."Food Chem. 43:
1062-1066; RBERSHOGOR & Kapgagh andsormasgimit endaimprates Jieray 19siBiapeeforndeth@s antifungal

oo R s e g e UTRICIAN
which exhibit & Bidsr&nde atddphiahaterbbidiof8ivRysths yratdrite 61634 6 Beawini/5i195 80600fdescribe
the use of VGRS AREEHIING QURRSAGBE ARG SIRRIPYRIIANARERY 4. AL Ry est WO
However U.V. irradiation may be phytotoxic and the biocontrol with the
aﬂtagonistic yeast is not yet well accepted commercially, possibly because of
inadequate control of the pathogens. Furthermore, these methods have various
drawbacks and some of the relevant health authorities have not yet approved some
15 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,
1. 1., (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). Tt 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 components have microbiocidal activity.
Citral [3,7-dimethyl-2,6-octadienal] is an essential oil component which is naturally produced in
several kinds of citrus fruits as well as in some other plants 5 such as lemon grass and eucalyptus.
Citral is an unsgt¥are4aldehyde from the terpene series and is composed ofarvisamneasis mixture of
geranial and neral. Because of its intense lemon aroma and flavor, citral has been extensively used in
food and cosmetic industries. Citral is recognized as,a safe food additive and is approved for use in
food by the U.S. Food and Drug Administration. Citral has io also been shown to exhibit a very

effective and broad range of antimicrgbial and antifungal.ggctivity. In fact, Ben Yehos et al (1992)
and Rodov et gﬁ‘f&!)%{%e vrgas %Wn%?&eéfﬁraf)@jfhyeé‘f‘nfgé’gﬁ%ﬁai g%é%@it%v@%ﬁ’ﬂﬂé&%ﬁ}pound in
lemon fruit. Limierebécldaletttititg-(1-methylethenyl)cyclohexene (known also as p-mentha-1,8-diene)
is another example of.an dant essentjal oil component, is which may be extracted from glands of
flavedo of citrus fruit.%gg-‘%, %%Ws&%g%@gcf ’Gé’gbﬁﬁ%eﬂ’i‘éitég CPRRRUIEASALE dSnsecticide
and pesticide, noasjadigtivelyutiavia wer irdlkpidedpomriishaaiveny Walaptivrealosthdbpishgichat etal.
(Chalchat, J.C., Chiron, F., Garry, R.Ph. and Lacoste (2000, J. Essent. Qil Res. 12, 125-134) disclose

antimicrobidl aFit§ o RRENERSSHRE FBRIARS g el 39 %Hﬁﬁ%@g@ﬁ%@%ﬁr&& theaureli, P.,
Costantini, A. aigeA@leaics- k9% Antipustaial sactiviiepfesamaniaressantial glagainst Listeria

monocytogenes. J. Food Protection, 55:344-348) showed that some essential oil components have
strong activity3$§aiietqfdtn daenre demeriaromanand favencirt bagbeetcertprsivele usedBipreventing

the infection ofdag iy bdsiREiR. SRURIALSIITMRLS RAMEQERAMALS W HSREUAAIA RN flecay of

various agricultural produce. It was shown that Citral could reduce grain deterioration spergillus
inoculated higiPRTeedréopaseyiNendibB theHdhkE®dand Ay Mdministration. Citral has

10 also been shown to exhibit a very effective and broad range of antimicrobial and
antifungal activity. In fact, Ben Yehoshua et al (1992) and Rodov et al (1995) have
shown that citral is the most active constitutive antifungal compound in lemon fruit.

Limonene, 1-methyl- 4-(1-methylethenyl)cyclohexene (known also 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. Qil 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, 35:344-348) 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 moisture barley grains with citral and allyl caproate and 30 preliminary
acceptability tests with piglets. Acta Agric. Scand., 27:105-109), rough WO 03/028451
PCT/IL0O2/00808 -4 rice (Mallick, A. K. and Nandi, B., 1982. Deterioration of stored rough rice. V.
Preservation ¥¢l@aratability of citral and propionic acid treated grains. Acta &griaLoSoesd.,
32:177-187) and wheat (Ghosh, J. and Nandi, B., 1985. Preservation of high moisture wheat by some
antifungal volatile compounds and palatability tests % with rats. Acta Agric. Scand., 35:245-254). Arora
and Pandey (Arora, R. and Pandey, G. N., 1977. The application of essential oils and their isolates for

blue mold decgy.cantifldp Gitris teti -Blan K I..and . 14:14-16) reported that
citral, geraniol and @?ktl‘;er essential ng C%F%{%%%’ias? ?g Uclgéti%ﬁﬁmgpm%-ﬁg%é%aag} O%Eﬁ[:%% r%%rculata fruit.
The inventor offtisecpratentirni/palitabil 0y BEcitve hodpwapiSniReddvradte& gmids.J dand Zaimeli, S.,

1992. Preform nd ind tifungal materials, of.citrus fruits.in.relagiop ta the enhancement of
decay resistar?gé%cgh%%tygﬁj u f\ﬂ%lqe’{l}?ggmié%sg’. 5 %{ﬁgqi:g&&%hi%%ﬂ%&ﬁi‘?ﬂ%?fghowed
that applicatiorhighenngsneus RistabiosBesiailtifongabeolatidel tompoandiomiicpaiaiihiitegigheir decay.

15 In most cases of the prior usg of essentjal oil onents to prevent decay of agricultural produce,
the essential owglolrﬁ?)t(%heﬁf{ﬁlaffggbcplg@@mﬁpﬁ%&% Oé&lf&%ﬁ @ﬁ?ﬁsfo“ﬁ.‘%ﬂ%u@ﬁdpartial
prevention of tarpiedEels.desay. wakcagpivaibhviheuse f such iy BaNEomes TN talol
components, incl iag citral and geraniol, are still ngt used commercially for decay control of

perishable 20 & & dNSAB 1 ARTira R Prorsor-hslimpthoce B derteddiddn®heir
application to pepishedleatodied, iaa0remmUnRe TaGine AJAMSEUN SO YFSRRSME, inflicts

damage to the produce, which may cause decay later on. For example, essential oils inflict peel

damage in fruiPiisoraals desan g e sericrirérd b gEhm vsBtae v the miseest isvaniieignificant
decay of thg tregéachRinauas, 20, akeic T ativRl, Sh9rLRRreAMS. AveY epRARAN PR ife lack of

their
induced antifungal materials of citrus fruits in relation to the enhancement of decay

resistance by heat and ultraviolet treatments. J. Agric. Food Chem., 40:1217-1221)
showed that application of exogenous Citral to Penicillium-inoculated lemons
significantly inhibited their decay.

15 In most cases of the prior use of essential oil components to prevent decay
of agricultural produce, the essential 0il component was applied to the produce in
an aqueous emulsion. Although partial prevention of the produce's decay was
achicved 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 om.
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 decompose
prior to carrying out their bactericidal activity. 30 -5- SUMMARY OF THE INVENTION The disclosure
is based on the fact that food-grade essential oil components or their derivatives obtained by
exposure to irradiation of light or by oxidation, may be used as the active ingredient in a stable
effective microbiocidal formulation for the inhibition of microbial development. In such a formulation
the known phytotoxic damage of the essential oil components is prevented and the stability of the
essential oil component or its derivatives is proloffged, resulting in an environmentally friendly
microbiocidal composition. In one aspect, there is provided a microbiocidal. aqueous formulation

comprising: (i% ehvifadtiveCamOaRtof aENaTsOdNe essential oil component, or derivatives thereof, said
derivatives being obtained by exposure to light or by oxidation, or mixtures thereof; and (ii) at least,

one additional stdbifizisdartids hessite Hrodpetdidisaod ords) ancahinl sHicogmeantat f5m the group
consisting g alkAMHRANYEIAE AICARBLRAMBIHEINOAS FREMAR BYRRBHIAERP HOYKEIhYIene

sorbitan monoolcate, octyl-phenyl"polyether alcohol, or mixtures théreof, (b) an antioxidant selected
from the geSupecesisistingredibuijfasetialpdridrstartgoiereienidd Joorhilnteiolop ty sbibittgiroxytoluene
(BHT) iso iG.agi erol, Xtk reg % c lating agent
selected, f?grilg itr %%%gg%gg&s%%@ﬁ%fsﬁ:%ﬁr?lgsct}g%gﬁ?%gﬁo g)ﬁ%@ﬁl@%ﬁ%, é-%ﬁ%o%ﬂéﬁr@?casein,
chitosan, essemititliat thmpeokrand (o eenmdditidibé bigkiliy inf dicormsentiadtioh wifimmeabout 5 ppm to
about 100%0 Qerivatives is prolonged, resulting in an environmentally friendly microbiocidal

composition.

In one aspect, there is provided a microbiocidal. agueous formulation

comprising:
()  an effective amount of at least one essential oil component, or dertvatives
thereof, said derivatives being obtained by exposure to light or by oxidation,

or mixtures thereof; and
(ii)  atleast, one additional stabilizer selected from the group consisting of

(a} an emulsifier selected from the group consisting of alkylaryl polyether
-aleohol, polyoxyethylene sorbitan monolaurate, polyoxyethylene sorbitan
monoolcate, octyl-phenyl polyether alcohol, or mixtures thereof,

(b} an antioxidant selected from the group consisting of butylated
hydroxyanisole (BHA), ascorbic acid, butylated. hydroxytoluene (BHT)

isoascorbic acid, a-tocopherol, B-carotene, or mixtures thereof, and

(¢) an encapsulating agent selected, from the group consisting of
cornstarch, maltodextrin, silica gel, B-cyclodexirin, casein, chitosan,

or mixtures thereof; and

(dy an additional biocide in a concentration of from about 5 ppm to

about 100 ppm.

In another aspect, there is provided a method for inhibiting microbial
development comprising the application of an effective amount of an. aqueous formulation

as defined above.



In another aspect, there is provided a method for inhibiting microbial development comprising the
application of an effective amount of an. agueous formulation as defined above. -5a- Disclosed herein
is a novel microbiocidal aqueous formulation comprising: (i) an effective amount of at least one
essential oil component, or derivatives thereof, said derivatives thereof obtained by exposure to light
or by oxidation, or mixtures thereof; and (ii) at least one additional stabilizer selected from the group
consisting of 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 derivatiieschoweddrreinei slenmatelesisteh e dibahnyeins fioohtdspaciamikinghenolics. The
concentration of the esser}ﬁlaltoils in the queoy micrtobiocidal com ositiPn is from about 0.1% to
about 1% (v/v). The Bhceniration B e?iva%véegf' the es§&H Ll%%?l oBltaiﬁgﬁlB?/ng?gosoﬁre to light is
from about 1000 L UliteiakiuisiiBL00f, phil) Hemihativisraiiiagifdabedmgbsitionpmaydyothighicomprise an
additional amount of another pipcide in a small amount which by itself is not sufficient for inhibiting
microbial developmeﬂlir}jpfl?t)f s OB HE? Iigogﬁ\’élhod for inhibiting microbial development in
perishable agriqyfjural peasiueayRREIIAD AdmirePigdiataguenutiosrsiptionermpriging: -6- (i) an
effective amount of at least one essential oil component, or derivatives thereof, said derivatives thereof
obtained by exposure“tBanstt & By BRRIEHoRT JFomidifes tRetbBktand(H) 2t BB BHE adtitional
stabilizer selected fropdngigiRuBréansisiinaiafianagmulsifier selected from the group consisting of

alkylaryl polyether alcohol, polyoxyethylene sorbitan monolaurate, polyoxyethylene sorbitan
monoolcate, 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 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 uL L7 to about 12,000
uL L. The microbiocidal composition may further comprise an additional amount of
another biocide in a small amount which by itself is not sufficient for inhibiting microbial
development. .

Further disclosed herein is a method for inhibiting microbial development in perishable

agricultural produce by applying a microbiocidal aqueous formulation comprising:



octyl-phenyl polyether alcohol, or mixtures thereof, (iii) an antioxidant selected from the group
consisting of butylated hydroxyanisole (BHA), ascorbic acid, butylated hydroxytoluene (BHT)
isoascorbic acid, a-tocopherol, (3-carotene, or mixtures thereof, and (iiii) an encapsulating agent
selected from the group consisting of cornstarch, maltodextrin, silica gel, (3-cyclodextrin, casein,
chitosan, or mixtures thereof. The essential oil component is selected from the group consisting of
citral, 1-octanol, heptanol, nonanol, geraniol, octafal, nonanal, decanal, perillaldehyde, perillalcohol,
citronellol, citronellal, carvone, carveol, linalool, vanillin, cinnamic aldehyde, cinnamic acid, eugenol,
menthol, limonene, Jimone droperoxide, carvacrol, terpineol, t ol, vanillin and camphor, or a
mixture thereof. D_%}:Ic%lecf: ?l%?})é}{%?a%n r?llé?%ogtscf%tr inﬁ%ltiﬁagmﬁ:srs g%@e{{}gslgﬁmgﬂ??ﬁt’hé)ﬁsehold by
applying thésxicriprsctharesdusdids derriassilrand plisemd ikverprein dskedr Wgether with
commonly osedhtete genistiRésdosedharein is the use of the microbiocidal formulation for human
hyglege Whﬁfe_the(i@};é?%{ Bl gﬁ@iﬁ%ﬁan¥%iﬁ%§]§£%&r§a@ggﬂ'£?esgt&ltﬁ@%oﬁggﬁwg%ﬁaﬁlddfi_d to
soap bars, hygie ish washi etergents, mauth.washes. disinfecting qr cosmetic ications.
Disclosed heerelﬁl?l% EUSE 0 tglg)%ié?l(%i%%?ggl Fo(%lrlr?g% a{ﬁ%noa{fs %&Xu {:egtftlggﬁ%? raetfﬁé%lgn% or treating

minor infecRBRLEXELRABY niRTRIAR s ERNGAEF S p RANIRY HENERS t3ORRIEN MORRR estee
DESCRIPTON-QReTE oiRAWv NGB Shiel .arderitsuunsigrstant] the invention and to see how it may be

carried outin pragfige, prafaredamhedineat whRowbedesaribersi Aol BORIMBINg example
only, with r{eience o e a%g@@@;%@&%jﬂ%a&ﬂ WO QIRRSRA I BiRGG808 7
Fig. | shows the iriquction of scopayone production in magure green femon by

1soascorbic acid, a-iocopherol, é—carotene, or mixtures thereof, an

(iiii) an encapsulating agent selected from the group consisting of
cornstarch, maltodextrin, silica gel, B-cyclodextrin, casein, chitosan, or mixtures
thereof.

The essential oil component is selected from the group consisting of citral,
1-octanol, heptanol, nonanol, geraniol, octanal, nonanal, decanal, perillaidehyde,
perillalcohol, citronellol, citronellal, carvone, carveol, linalool, vanillin, cinnamic
aldehyde, cinnamic acid, eugenol, menthol, limonene, limonene hydroperoxide,
carvacrol, terpineol, thymol, vanillin and camphor, or a mixture thereof.

Disclosed herein are methods for inhibiting microbial development in
household by applying the microbiocidal aqueous formulation of the present
invention either alone or together with commonly used detergents.

Disclosed herein is the use of the microbiocidal formulation for human
hygiene where the essential oils or derivatives thereof together with suitable
additives is added to soap bars, hygiene, dish washing detergents, mouth washes
disinfecting or cosmetic applications.

Disclosed - herein is the use of the microbiocidal formulation as a
nufraceutical for relieving or treating minor infections caused by microbials, as
well as providing benefits to human health.

BRIEF DESCRIPTION OF THE DRAWINGS

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



injecting sun treated limonene, limonene or citral to albedo or by releasing the contents of the oll
glands in mature-green lemons. Fig. 2 shows the effect of fruit maturity of lemons on the production of
s phytoalexins in mature green and yellow lemon fruits. Fig. 3 shows the rate of decay of
Penicillium-ing€ulatedigrapefruit treated by dipping in formulations of citral, arcrgesamiabsFig. 4 shows
the rate of decay of Penicillium-inoculated lemons treated with an aqueous emulsion of citral
stabilized by 25% ethanol, amif 72 (20% of butylated, to hydroxyanisole, 6% of propyl gallate, and 4%
‘of citric acid in propylene glycol), (3-cyclodextrin and polyoxyethylene sorbitan monolaurate (Tween
20) as compar. {j t(g tfl%dec&ty o’;gui%of the same kind with 5000 gle of Tween 2 Witho%tﬁ?thanol.
Fig. 5 shows t &ate D (‘:Pg’cayeo SRICHi O SHEEIRAE P fé’r%"bcﬁléjﬂ At %ﬁeegq 85U Bmulsion of
citral comprisirgjastiykphenlepaly cihermeieg Nbmrsen ot Ttk) Q) anbedotyated ryeoxganisole (BHA).
Fig. 6 shows the rate of éﬁg;{y of Penigillium-inocula!friéidemons treated with an aqueous emulsion of

citral comprisifigPERRL HrRlaadr IR ERIEMPPiveen 20) and butylated hydroxyanisole
(BHA) comparpgtothenais ofideeascivherarimazadhisigddedidinang aihistadupgigid@ionhigh is

commonly used in the 20 post harvest protection of fruits and vegetables). Fig. 7 shows the rate of

decay of PénidiiiRMFHES My S pterR SFect antbrelinm oo, fsifanol aqueous emulsion of
dichlorometharmg%d&%gaﬂ{@meesﬁ t@wﬂam%mmmmw%mlume gpm and 25%

ethanol solution. Fig. 8 shows the rate of decay of Penicillium-inoculated lemons treated with a 25%
25 ethanol aquiRRiag sl fesmyptianbotdbabind @esrmolations comprising citral, 1-octanol and

dichloromethagecryd RATaRS 12506 SUUANSHTALNISMEn TAGHACNTRICTda s sguge exposed

to sunlight for 4 R. Fig. ows the rate of ‘decay of Penicilllum-inoculated lemons rea%e' with a 25%
ethanol soluticmed¢SE0MpPslinodrdng siqbosezettbsAakgrtfiend hauif 2HEOC6foBbuthatdof the

dipping asﬂ{')"%l?{fﬂ%@(%?fi@@f%?%% %if) ]SJr\évl%i %%W 'ea,r%gd 4% of citric acid in propylene glycol),
B-cyclodextrin and polyoxyethylene sorbitan monolaurate (Tween 20) as compared
to the decay of fruit of the same kind with 5000 ppm of Tween 20 without ethanol.
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 hydroxyaniscle (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,
I-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 éunlight for 3 hours. Effect of

30 length of the dipping as well as the number of dips was comnpared.



WO 03/028451 PCT/1L02/00808 -8 Fig. 10 shows the rate of decay of Penicillium-inoculated lemons
treated with an aqueous solution of 2500 ppm limonene which, prior to its use, was UV irradiated for
three hours and then dissolved in 25% ethanol. One minute dip treatment with this solution, (3UVL)
was comparedl Qi Ea#8e consecutive one minute dips in the 5 same solutiorewithromnesksur period
between these dips (3UVL3). These treatments were compared with a dip in water or in 25% ethanol.
Fig. 11 Shows the effect of limonene hydroperoxide gr_epared by photooxidation with Rose Bengal on
decay percentage of lemon fruit inoculated with Penicillium digitatum. to Fig. 12 Shows the effect of

limonene hydraxyp ide prepared with a molyhdate  catalyst on decay of lemon fruit inoculated with
Penicillium digtll}t)%uriﬁoéé). %t 5 #ed i ? F%gégpﬁﬁfﬂgu%éé %é\?&&l%%ééf ’éﬁﬂhe dosage
of Tween 20 anytheyshythitduiciy 2500 ppm Fabiesiadnidl) brivnene tvgraxynevomdaidefig. 14

Shows the effect of citral formulation on growth of Staphylocaccus aureus cells. Fig. 15 Shows the
effect of citral %ﬁ%—g‘gﬁ%&qﬁ%ﬁ%rﬁ%g‘?ﬁ‘fﬁi@ra LPI gﬁ@%éﬂi‘& Shus dipdreatmentwiithp

DESCRIPTIOM@koliniotNBENTOM 28 atadediabaued ReRQseive BHE HIRREP@Ydas BB

environmentally friendly . microbiocidal formulation effective in preventing decay in agricultural

produce, in’ hGAR¥HNHILER Mt Seh e meriodbebwean these dipal G tiORCSEREC MRS
microbiocidal fegruiat fiseuRy mSheantiyerngredigns 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 theffigetilatlvass dhe afffshal dmeonerptbrdionenomids, Betpted Bopheteogidatiooonsisting of
gtnhczrgilulggggam&uﬁbs%fﬁa{gamuaé&%ﬁ&@éh%gé%e@m@%Hl?'{ﬁ%fcéﬁt%&%hd%%z%ﬁ- 4
digitatum.
10 Fig. 12 Shows the effect of limonene hydroxyperoxide prepared with a molybdate
catalyst on decay of lemon fruit inoculated with Penicillium 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
houschold, for human hygiene and as a nutraceutical composition. The agueous
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 ethano! 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



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 WO 03/028451 PCT/1L02/00808 -9
reduce the phytotoxicity of these compounds. The microbiocidal essential oil component is selected
from the grol§@PH¥é¥Héterpene hydrocarbons and sesquiterpenes, oxygenatstirtanpensoderivatives
and non-terpene derivatives, such as aldehydes (citral or nonanal), alcohols (octanol, nonanol), and
phenolics 5 (cravacrol). The aqueous microbiocidal fprmulation may be used for an effective control
and inhibition of microbial development. All essential oil components are well known to be food-grade

components. | Id,fur S at all components, of the agueoys, microbiacidal
formulation arée?!)%(()z gﬁgdg%gﬁ ﬁo%r&gt Sgogsﬁee%ﬁ%rgﬂ% odf‘heﬁ]lgm%lhc 0@ £ neeﬁ%??%ét}la? ide
potential use isdopanpnotestinglpeidhdivim aghicuitoap prddunerdoapaeealiehusatidns migtbbials.
Agricultural produce may include for eéa%mrglle a% fresh food produce, whiﬁch,m% be s&giled as a
result of microbiahhaeiaR o SRS RIS AR PORAC RS M B EYRIYES SUER 95r
appropriate foutdelatizs nfaitrak inranyonass thailashdie¢ivaupsteatinnnbom aNerofirlsoisaeeded
such as in hou‘%ghold ticals, For household use the agueous

uzeﬁod is hygiene qr, nytraceu
microbiocidl Yotfiatieon Ma E‘éeﬂélgd“é%#@%?‘@gg‘?ﬂé‘i“ﬁﬂﬁ%ﬁ‘?ﬁ)ﬁé%ﬁ?&]qurﬁérﬂgeﬁ%’%se of the
components ofshe@sarntighiviscy dTeiidetvatiaeiophesy Avpiatendd &ifesthfaenrugkof this

essential oil components or its derivative may be incorporated into soap bars, a cleansing formulation,

detergents for sk disitebe o edotids semprretisp dsiprist Sutsadie mitpusdtbat @l
composition. ABRfesive GARALREAR m@kﬁihpmﬂ%ﬁwm%&H&%ﬁgﬁépx&@t&”{lwmCU'af'y
a

for the essential oils selected from citral, perillaldea/de or limonene, may also be part o

composition uB8Ha&™ rhaFeedtitits. kupacn bedce nsainastispdaitividn aptentievasenss difects, namely
protect agajnsiaeidl et el As e asionR 2o ReR RIS Sy R Rduce
anti-cancer activity. Several formulations of the
Agricultural produce may include for example any fresh food produce, which may
be spoiled as a result of microbial infection, such as fruits, vegetables, meat or fish.
Other potential uses for appropriate formulation may be in any case that an
effective protection from microbials is needed such as in household use, body
15 hygiene or nutraceuticals. For houschold 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.



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. Sucwegsansidiioil 30 components are known as phytonutrients or featimeahéeasds. WO
03/028451 PCT/1L02/00808 -10 Some of the essential oil components are known in the prior art as
effective in combating microbials, especially in agricpltural produce. However, essential oil
components suffer from two inherent problems, whichlimited their practical use so far. One problem is

associated with their gr(l)”lni[;[gd ﬂ bilit éc{uei tolox%naﬂon 5 ocess.ca%siér%? ra%iiij disigé%?ration of the
essential oils upon exposuroe 0% gé’n’.a ﬂ%u%(,) HB%I‘&E e ‘gnalélﬁ ettt thidbistiads was known,
effectively suchnusenbmisimitechbliats fedteciatiyt iempriclaeuaflrproandargeoaurstitesetian gpsential oil

in order to prolong its micro%oc' al effegﬁ#timatelyl ads to the second drawback associated with
their use: Exp&ﬁﬁ’%%ffi@l ChigAmR SO EHEh B OP LN RIS Uit AhGE R fAHS S ture does

not form a realfapluis pabkes damageidehevitiogese lithitea Reamiguniaqy hebwhendthe
essential oil components are applied as the active component of a microbicidal composition together

with at leasf oMEOSTRifS AR S AbTIeETaleRRb e SthenEal ols ARINBHAPBIE Hes0%YEeible and 15
effective micropipgidabraBRaationde PRINeE MINELIRERIQL FAKS6ANYARMARE, [adhg aroduce.

These additives are selected from ethanol, an antioxidant, an emulsifier or an encapsulating agent.

Each of these ‘é’éﬁiﬁ?ééeﬁ)l‘gi%é@si%éb@%@ﬁﬁhlUéﬂ§ﬁbﬁﬂ}%rh@mQH@éﬁﬁér@ﬁm@nﬁiﬂbﬁﬂ inhe ethanol,
Dhyiotoxicy 20 Sod D aCl e T s I AR CHER AR it
keeps forming#sefetsdonitioibgisalsaidixprsurreiiSimithts prighernimnnsfathmpbl tosentity ailfshe
essential of}, compERENTS- iFNRE MUETE S RAY REEHRSENeal solution, causes damage to the

produce.

It has been found now that when the essential oil components are applied as
the active component of a microbicidal composition together with at least one
additive, which stabilizes or dissolves the 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% (wAw),

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



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 stivoRlgiozsedaove 0.1 % (w/w). The antioxidant reduces the oxidawponraate afsthe 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 com%rising of compounds such WO 03/028451
PCT/IL02/00808 -11 as but not limited to: butylated k/"(iroxyanisole (BHA), ascorbic acid, isoascorbic

acid, a-tocopherql, butylated hydroxytolueng (BHT), (3-caro r their mixtures, Preferred
concentrationsa%%fﬁenéﬁﬁé’%@%ﬁ% ﬁ@%‘ﬁ‘f&%ﬁ%ﬁ%ﬂﬁ@% m 43O (Ehaecﬁirfégaé‘f(ﬁ I about
0.05% to abouidddS W twbphdibE Biigthetithedolicedriant SHHEngdhadbyoaxisitueidhe essential

oil for the case of the addition of BHA to citral is demonstrated in Table 1, showing the Peel Blemish

Index, where it SR FROGHAERERSYTh e adrst indhen Braatiation-of sy niing #el blemish
index is deterrpinggl laxdBeexrok khericnd s ap koot olveanseate)l ¢ediotrldukabgy of fruit)

The blemish score is 0=no blemishes; 1:F§ht blemishes; 2= moderate blemishes; and 3=severe

blemishes. STaBldeduegdhs PAYIAARIEEIRT drakesantighoddor thexass pEhanddifiorel BHilemon fruit
kept at 20C for 2y GURHALBHALRRES, BRI B P AOAARAODE 0 Q%05 0.05

0.14 0.50.10.05
should be understood that BHA by itself did not cause any blemish.

The peel blemish index is determined by

Index = Z(score X number of fruit with given score)
10 (total number of fruit)

The blemish score is 0=no blemishes; I=light blemishes; 2= moderate
blemishes; and 3=severe blemishes.
Table 1. Effect of a I-minute dip of the antioxidant BHA on peel blemishes
15 inlemon fruit kept at 20°C for 20 days.

Citral (%) BHA (%) Peel Blemish Index
0.0 00 - 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-cyciodextrin, silica gel,



0.50.30.00 0.50.60.00 1.00.00.90 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 ¢#atessbr polymer made of carbohydrate or protein or other metrikesuetsas, but not
limited to cornstarch, maltodextrin, O-cyclodextrin, silica gel, WO 03/028451 PCT/1L02/00808 -12
casein, chitosan and their mixtures. Low molecular_mﬁght polyethylene and various waxes may also
act as encapsulation materials. In fact it was found that adding citral to various wax formulations that

did not compri fungicides _enhanced the effectiveness of citral in reduci Bifh decay as well as
phytotoxicity. SSC e éd%ﬁ |(!))Crs1atr)lf 8%{?0 8¥trfﬁ‘f%ué??a|ﬁr§%|t%18ﬁ§%u§% I5R¢ Er ke Pg%’tt e&?ra?%% the
surface of the tvested oraxgenfinyitaRoefetred srapenirationaxétiats ericafistlatings dgent thdbe

formulation of the.invention are in.the range.of from aboyt 0.1 tp about 0.8% (w/v),. The addition of an
adat liﬁgr%’n'y %ﬂ%&&?ﬁ@eﬁ‘fﬁ@?&%iﬁ%ééﬁPd}f?tT‘fﬁngﬂéﬁtqus “iflFine blemish

emulsifier reduces ?ﬁecl
index of the eserinialeditkitedfdryi e adoflivnapiereulsifinl beklanansisaied iy prieiidaple 2.

Summary of trigls evaluating phytotoxicity of citral solutions comprising emulsifiers (1:1 ratio with
ciral)L 0,50 CIPABSTE P U0 A SRR 6y Srileh B0 PESTHBR KRR bon the

surface of the treated orange fruit. Preferred concentrations of the enéapsulating

agent in the formulation of the invention are in the range of from about 0.1 to about
0.8% (w/v).

Thé addition of an emuisifier 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)l.

0.5% Citral 1.0% Citral

DX 0 0

Tween &0 0 0

Tween 20 0 0

Triton X 100 0 0

Gelatin 1.0 1.4

Sodium  lauryl | 1.3 1.6

sulfate (SL.S)

Gum arabic 1.2 1.9

is '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



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 20C. 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 ¥WGPadMESN or mixtures thereof, the 20 microbiocidal compositRETATap/esasprise another
biocide in a very low concentration. Such a low concentration of the biocide is not sufficient to prevent
WO 03/028451 PCT/1L02/00808 -13 microbial damage on its own, however together with the
“essential oils of the present invention or their derivatives, the microbial decay may be prevented. Non

limiting examp, incide y ke i IL, thi z octine,: , hloraz,
sodium orthopﬁe%ﬁ@%r?a%%%é?%l %i%%%ég%%gﬂﬁj% c%%%ﬁ%%l%g%%}c o}r%fr‘%l k%r?ﬁaelkonium
chloride, canoprebéop irveasomethigkirtdtaiirativeay e daiziobialadten)yinoiywincozotmedtadonazole, or
mixture thereof, The concentratiop of such added pestjcides may be from about 5 ppm to about 100
ppm. The use L‘Psltdlgﬁ §%%nn?é%ssi%§ﬁu§§m%ﬁﬁg1%sa@% Fné%aﬁ%ﬁ’arﬁ] éasgseélr(%ﬁf%eﬂ R %tgheent orits
derivatives obtaimed, byrectosse dodivadiatihopbichigiHogeth emdmaiii, aosdtdmourteihfingicide will
enable two important bﬁnefitS'.lfReduﬁn%E toxic res'gue.é)f the biocide l\;vqgfh iS an important
demand of’all RESH"] fiSoritHgI5 L B RBitlestC ?ltro?l‘i'ﬁ@r’chet& AR esistance of
the pathogen teifbeiddpcidbenBhisnspatitioraniol, wendtbhel g hienaa i eorsairhike hawdprmulation

with or 15 withqut the biocide component. In fact use of a different biocide, which may have a different

mode of actiont RREFPRSEFEAROERISH8AdsHhBeIEGERS farebe o @bgim e i #R9 W Whtrolling the

resistant populgtan TadiRei@Such a composition comprising a combination of an essential oil
component or its derivatives obtained by exposure to irradiation of light together

10 with a small amount of fungicide will enable two important benefits:
1.Reducing the toxic residue of the biocide, which is an important demand

of all health 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 l-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



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 dBfhpEtEAtlor any combination thereof. Preparations containinghdatiat/esmential oils may
be produced from various plants such as citrus fruits, lemon grass and eucalyptus trees. Particular
non-limiting examples of essential oil compounds arg gitral, 25 1-octanol, heptanol, nonanol, geraniol,
octanal, nonanal, decanal, perillaldehyde, perillalcohol, citronellol, citronellal, carvone, carveol,

linalool, vanillin, i ' e, g ig acid, ewgenal, menthol, limonene, caryacral, terpineol,
thymol, vanilie e Sk b e BREHE 3 h Ul R, e RGeS L
derivatized by maydseidetiydighd suihedehisatization unafdoeedorfunhesymiiee icplyi3e wrogtced

essential oil, on na ura#l extracted. esseptial qil or.an a.grude extragct WO 03/028451 PCT/1,02/00808
-14 comprisingnéa‘ﬁlh?a ﬂ%/‘eo?lé%es{éjrﬁ%ﬁ &I&'ﬁlet’ﬁ%al%\{f?é} ??%@"5 ‘%?ﬁ%“gfa,ﬁ SOURARF SR i be
derivatized whiletothesomay beafieafledtastfaurilermore, exposure to light may be done either prior to
the extraction of the e sent'ial oil cg.gponents,from their natural source or after their extraction. 5

According t® the pres@RtShARGEh e PERTERL BIVENRRTst b MIEEL A toitasbAsorsRrER Pllerivative
thereof obtaineshby dtiagtiation ofidghitvith fhaeemulsifige@neytheantasisast may bediragly added as

an antimicrobial composition to foods, toiletries, and household articles for microbiocidal purposes.

Also, the mixt(f& i te PREpHIedantipeEdant, aray ibgicdéeadarmddsdsasbyio aptamigralialioxic bases
in a suitable amgHpbaaRERsIRHARNHAER RERH HoRRERYR iRl IRISH RGIHR] RIROS G S od e

concentration of the at least one essential oil component needed to achieve an effect' can easily be
determined by ¥ affisamireschmende anepaegseitishefana ghe dicuidantia i @stesi dyon the

manner of the AppNealNN AkiB%ases in a suitable amount as needed, and are added or sprayed
‘for microbiocidal purposes.

The concentration of the at least one essential oil component needed to
achieve an effect can easily be determined by the artisan in each case and depends
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, ie. 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.



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 packayfh&/&*8#Safter harvest. The formulation of 20 the present invenB&iH®goissapplied 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 infectiany by microorganisms throughout the storage
period. Examples for application methods are dipping, fumigation, spraying and foaming the fruit in

the packaging house. gpptbepmsied.cau b incor ' terials insi wax
emulsion. In fact, as mentione?_d. previousIy,ﬂtf?eﬁ‘\t/%/géi %%%%igﬁgaggﬁ%%ﬁgﬁﬁ%ﬁ& %ﬁgr%gé%ting
several citrus frO#griAhOter st edlonaisplidatisd iBbylfyimigagens the fsuininlksodatiteThairtight
chamber utilizi iJit h Y terials such as citral. WO 03/0284

PCT/ IL02/008C§}893 @%@%’%é@éﬂ?ﬁ?{g@gﬁgﬁg /fboogf;%%l‘i%%{ o%Hrhgybagta‘gnrg%}?q%%&ﬂé%?z&active
materials on a $iticzageheaptatiztd satitioirwiegagehtoitias antahsosheridiThi$ thiaterarkould absorb

more than 10%.0f its weight in our active materials ar&i h Iga then as encapsulated entity. However,
when the e A T RS & FSELSTREN HALSEAVE BAERIG o8 VT BEReind he
water is replacthiy fiseie. sitaetinh thsishbdraituistioriseenihesioride pasloseehinmg siaggFoom or in
any container .hqlding peri h%f)le agricultural produce that is continuously transpiring. Such an
application co&éiﬁ{}g ﬁe&%ﬁ e@%?‘é t?é‘fl:&’ B%Fﬂwg’?arféi&ﬁéué‘ﬁﬁﬁilﬁgqéﬁj%‘f“ﬁ& hoirom
decay. io The fgpliciatinn doeld 5@ hecapplndd/iaoiovedeas asable RAVIMAESHBiEH: duting their
degradation release the terssential oil compound contained within them "onto the produce.

protection from decay.

10 The formulation may also be applied via slow degradable polymers, which
during their degradation release the essential oil compound contained within them
onto the produce.

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---—eewes—r
Treatment 0511 12 |3 4
Non-treated 5 18 (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 14 5 8




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 sWgw/ek&estitral at a concentration of 0.2% was much more effegtiyaiioyiniaidaiting 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 gn 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) -----z------- Monthg of Stofage------------ Treatment051234
Non-treated 5 8 20 2&13%5%)&2%’ Atrd ,%Q%%ﬁ%i@eﬁ?ﬁ p5-gnosnaally 2sspeRtcth AR in water 0

4 14 20 23 0.2%sdniiedloBApphthaaon) trovaselDiBeZpdeberlBaazalih G2Mrinataiesi Qe 453310
03/028451 PCTJ#IQ%%/OOBOS -1%In additign, no marked damage to the produce, normally associated
with essential Fit HSpieLABMSORRYIUONGHEDASE nER AR s AARABHIR S Wl tha did not

cause phytotoxigaampgies dleppieade SaRs BRUIABEWRYeRMNEAsIIES essentizhsimarrpplied at

relatively high concentrations (Q.5 to 1%) known in the 5 art to inflict considerable damage. The effect
of such formul8fidAdMA IR seaTdeERYS 2@ H8s demonstrated with all citrus fruits tested in the

packinghouses (resuttssberan B tllefoRlickibhe i ritRiRPRES AR RERRRLIHIES fegta not

shown). The experiment with bell pepper showed a good control 6f the major pathogens of pepper in
Israel, Botrytisal GiéiHe duitingstattindhe prdanghouses (results shown in tables 3 and 4) and

with mango and bell pepper fruits (data not shown). The experiment with bell
pepper showed a good conirol of the major pathogens of pepper in Israel, Botrytis

10 cinerea and Alternaria alternata.

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

kumquat fruit afier 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 '5000 uL Lt 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 s 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 16). The same applies to

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



Table 4. Effect of limonene exposed to three hours of sunlight on decay of kumquat fruit after storage
for 11 days at 10C and shelf life simulation at 20C for 6 days. Treatment End of storage Water dip
12.0 b Ethanol 25% 7.9 ab Limonene' 1.6 a 15 5000 L, L' exposed to sunlight for 3 hours in 25%
ethanol + 50000WBOBHTIWEEN 20. Quantitatively, the essential oil componenrt;Timenases 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 micrgbiocide by expasing homogenized fruit peel to sunlight follawed by extraction of the
oil with an orggﬁ%gsoﬁegﬁ%tloﬁaq O)%/{szy}n %Iicz}%%i}gsm Hgng?‘ﬁ]é:k‘gﬂfe gg%m%’&a%;‘?ﬂ%séﬁne effect

particular
may be achievbetdsygdehoiisreatidiion ofifimoneyiriaienits extraction (Figs 9 and 10). The same applies

to 25 synthetically produced limonene., Eyrthermgre, limgnene may also be oxidized WO 03/028451
PCT/IL02/00808 -17 ﬁgacgﬂ%fﬁd% F%ﬁﬁ??ﬁ%‘gg@n@eo?fésﬁﬁ){ti&ﬁ?%-miﬁQIBRQFﬁpIe is

heterogenous Laiehesis sisingriidelheiate sbéssEhial dilmisrRipEkal caandisgiadhaqy@sest invention
may comprise _limonene or a crude extract of essential oils comprising of a substantial amount of s

limonene thiat WEARGHE AW 5 FgAtiatehbrilight Forbaukhba iotidanst shouked when
using such deriativealiessRntiatiais shat WaiefxReSed ddiradiaiinaididhtSuglh iy gyposure of

the limonene to irradiation leads to rapid photo-oxidation that forms a highly active ‘antifungal material.
Such a materidradigtion of light.

Such an exposure of the limonene to irradiation leads to rapid

photo-oxidation that forms a highly active antifungal material, Such a material may

10 be characterized as the component 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, - Ry 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 5ul photo-oxidized



10 be characterized as the component 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 limM¥BeR&25&Y be characterized by its typical color and its retentiopcredig2/obfen 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 threg 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 chromatogr late. It thus ,may be concluded that all these paths of exposure
repsult in the sa&%%emrheg eirrilé .ﬁ%@%&#&ﬁ#&ﬁ?&& %ﬁ%\%‘bg}ﬁ/ﬁ%\’ %6&@?%1 %‘f?ﬁc?%?‘rﬁg'ﬁoﬁ of
limonene to theroductioio diiGctijairgiesid e dopdidvia Riy MCIE0WS IRRAARGELH pRRacRRIENGRRL. This
material showed a high antifungal .activity in the bioassay of inhibition of elongation of conidia of
Penicillium dig?fgfa %Tff?é tiﬁ%ﬁf\ﬁﬁ?‘aﬁé"’ﬁﬁ?&%ﬁ?ﬁﬁgr%é‘?ﬁﬁ%‘?%]‘%“céﬁ%%whféﬁpoletin,
materials knovgn de-emdogriRuS:EapNYIPalexins aheiiys dbitsys ashaioheitrahwhichwas known

as the most active constitutive antifungal material in lemon fruit (Ben Yehoshua et al, 1992) Another
observatiors sHEWEElRkt ﬂﬁ%gn?éte(fi&!%%m cldurBe dbrsath celande ranininetisatimenens fiole such as

the elicitation qighgoassuauiation S @&lf?&ﬁ@%&ﬁiﬁe@mTa‘%@?q ngeigied 5MeRRRY injecting S|
photo-oxidized WO 03/028451 PCT/R02/00808 -18 limonene into the albedo tissue, just below the

flavedo, elicitethtn gRdeasamEnIepistapasdustchraisstopafostand Svdpolatinshpwo leveldtadequate to
protect the fruif . from fh H"’H%‘Q g\ﬂ?ﬁ syltﬁﬂ%ﬁr% [ \feﬁ%f ing c%ing ‘;[he di%h oromethane or
f 1S preve Wgﬂ & 7

hexane crude extract of lemon flavedo that shown t evgay mﬁpfrelye(iy I r7). Similarly
injuring the oiligkedscahipydogibaithereatuityoofndtaffesss chif redstnecg respolemans skkulted in a

very RO P L R0 R 99 108 A5 T TSR Y 0 R g ohovn by

in many other experiments. Interestingly injecting citral did not elicit the same
protective response {Fig. 1). Probably the citral injection unlike the limonene did
not induce the production of the vanillin positive active material. Furthermore
much higher levels of both scoparone (over 1000 pg/g fresh weight) and of

15 scopoletin (over 200pg/g fresh weight) were found after dipping inoculated fruit in
the crude dichloromethane extract that prevented decay (Fig 7). The phytoalexins
level found was several fold of the amount required 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.



accumulation of scoparone in Fig. 1. Such injury of yellow fruit gave much lower response showing
that the maturity of fruit affects this resistance response and older 10 fruit is less protected (Fig 2). In
fact, this lower resistance of yellow fruit was seen in many other experiments. Interestingly injecting
citral did not &¥@i¢3ess3ime protective response (Fig. 1). Probably the citral infextian/eislike the
limonene did not induce the production of the vanillin positive active material. Furthermore much
higher levels of both scoparone (over 1000 gg/g fresh,weight) and of 15 scopoletin (over 200gg/g fresh
weight) were found after dipping inoculated fruit in” thé crude dichloromethane extract that prevented
decay (Fig 7). g’é]@ ﬂ‘h toalexins Iﬁvel found Wﬁls several fold of tge agount re%l{gired o cqntrol
completely the” pdt c%érr%. THEE H}?M@ﬂ SRS BT URRShEH ‘ﬁy g‘p’é?& YRR S ctive
oxygen specieforwieith aligd-tpedridesne systeminf thengiealaSuchlSartive a8 geasies effect
the pathogen as well. These reactive oxygen species have a short life ;and decompose well before the
fruitFi)s dis?ribuae“mgrﬂﬁmﬂsétékﬁ%@%t &elrditnnil-Redioneintids: 2 haRme-weathpcontrol of
the pathogen ig gcliignerl yRebroxiire calistioRngf-thenRathngcas E\Lﬁkl'cﬁ%lﬂjéfoﬁi&‘étiﬂg)lhe
endogenous mechanisms of the plant resistance. Thus, sun or IJV 25 treated [imonene or the sun

treated crude B%tHSEHRSTEHYR Birsidemimthe anusenvispBigrphhe RuestIniBrapoand8§enous

resistance. It WagBieyiBIShhESPORREopEIRIA NI iRy aRcRiia e RRtiuRgabactid L {Rehieberle, P.,
Maier, W., Fir], J. and Grosch, W. 1987, HRGC separation of hydroperoxides formeg during the

photosensitize’d‘YﬁGﬁaﬂdﬁaéf‘{R}ﬁ@)flﬁrhihéﬁ%.Chmm&ﬁ?ﬁ@hﬁé%mwmt@yﬁﬁwaf .
Chvomatogtapt e eRice M2 GABPRIELBETI19AORHR. 1S e el

limonene produces various peroxides. It is'Tnow shown that n
particular, (1SprR)egduisegitviaL jglicomctutsaliope dXivdrtiRraRies mestievelSpdicmath the
L-hydropergxige; (2R AR LPuMED R RS FIRIR ATMHIPRSIGN U SRBASH R RDSHING ,8-ciene
2-hydroperoxide may

energy level of singlet oxygen. Utilizing this procedure results in nearly all

limonene being converted to the hydroperoxides. The mixture of these
hydroperoxides was very effective in controlling decay of inoculated lemons even
at the dosage of 2500 ppm (Fig. 11).

15 Experiments 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



s be used as effective biocides in the aqueous solution of the present invention. The presence of
these hydroperoxides in the irradiated limonene of the present invention was confirmed by gas
chromatography mass spectrometry and Nuclear Magnetic Resonance studies (data not shown). In
the present irWéntigrisdmovel procedure giving high concentrations of hydroparexideswas developed
with the to Rose Bengal as the catalyst or activator that raised the oxygen in the reaction to the
energy level of singlet oxygen. Utilizing this procedurtg,results in nearly all limonene being converted
to the hydroperoxides. The mixture of these hydropéroxides was very effective in controlling decay of

inoculated lem even, at th e of 2500. Eig.,11)..15 Experiments.done clearly show that
if the crude ext%g]l(?t?g\élso %1g%izgg§f§r?ﬁgg%?gc%%@é£@ n %gscﬂlgirﬂ?ﬁcd%jélé? &?‘8&88?86 to
sunlight, the resiftingidivochenkfadlufonhwesitdeadrdhatiepuatalitastive, amwporarntde for
inhibition of decay. The de In_such cases develpp s if the fruit was not contacted with a
microbiocidal fBR 8&8%“5&5@%@%@i%ﬂ%&8l‘8§' /pyFLhane) salutinn sepikasheendiiihe
resistance mechanises, dadhdphidiheacaimulpiosef the aneifs valdireh @ ess
hydroperoxideg of i n{;ge. Exposure to sunlight or irradiation of the dichloromethane or hexane

extract of IEm&Hl HE e 184S HatrgaY eSribisoigHonhenTinoatmtrhwits b digitaaer

hydroperoxide {RErHaHRn @518 m@g@g&ﬁ@ﬂposition 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 ofsAiFEATHR EFBEFBeRsheticirfotrstisuss rosfed linansneddissetyed tine
prevention of depay iy WALRHLIER RS KERt AhANGPT R %%%%P?}%Yﬁ e%ﬂggsﬁ%ﬂﬁ% 9). The

effect of exposure of limonene to 3 hours of sunlight.and its effi ecay

_ _ iciency as 30 preventing
compared to nBetiameSqWiDgiAY inoseleedeomeedinent with an WO 03/028451 PCT/1L02/00808 -20

ethanol solytion (25%}gre SerRAP LIS aP'S (B ASHMEHEEY S SRer DE  nahouses
comprises several compounds that are also environmentally friendly, but are not
included in the present formulation for technical reasons. Such compounds are
calcium salts, gibberelic acid, 2,4-dichloroacetic acid acetaldehyde, chitosan or
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 vifro) 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



with uninoculated fruit. Furthermore an orchard spray with 5000, 10,000 or 20,000 ppm aqueous
formulation of limonene in 25% ethanol solution that had been fully converted, induced production of
scoparone and scopoletin in Valencia fruit on s (and off) the tree, reduced decay of this fruit when
inoculated wi(PUgfigtétum after harvest (data not presented). In a separate pxparimessRoth citral
and sun treated limonene (dissolved in 25% ethanol) showed a marked inhibition of another pathogen
Cladosporium herbarum growing on inoculated corn,gob. to The conventional method of controlling
decay in citrus packinghouses comprises several compounds that are also environmentally friendly,
but are not inc i sent formulation for technical reasons. Such compounds are, calcium
salts, gibbereliégzﬁlj)&@,&ﬁiﬁﬁor%%%@ti@%&h%%el aﬁdgk@dg?cﬁ%gs%a%ra Héﬁefg%aé?%ﬁ%?%% it
concentration dishé¢ffiss)corsizingl Cml simpiegaoiatacidstidssuaghr BRBYHSRCH ippdpionic acid
etc. These compounds might be part of our envjronmentally friendly new formulation. In fact recent
data demonstrgit)fgaagtfc cé%ltrg t?/f[ﬁ%frf W\éﬁﬁi’r‘?gggtﬁé B’ﬂgﬂ%' BRHIFABhESERE RIS 3 helped
also the contrdigfiteipattagends nespdaietl fiditexpeimentthhetrweiomhyiligaw Rertiustrated in

more detail in the following .20 non-limjting exam;les with occasional reference to the annexed

drawings. ExXAMBHESIEWREE TRARHL ST HIMSRY Edn Sam Aibrigaaplaier ABHEae dhd Mode of
action 25 of ea@%ﬁwwﬁn&mm@@E%ﬁ%@gtﬁi%ﬂbﬂﬂ@iéﬁiﬂifﬂy%i%iﬁwaé&% apon {NEC) of
S

over 50 compounds that were found in the oil glands of citrus fruits was evaluated {in vitro) by

establishing tﬁ@el&?}@g’f Egﬁééhﬁ%ﬁﬁ%bf%@émﬁbhﬁd%%g %@k@hﬂb%ﬂhéf@m@@é@r%ccu rred (in
oo Al S e MU YR conpotns 2 compared
A further test was made (in vitro) to investigate whether the mode of action
1o was fungicidal or fungistatic; the mycelial disc of inoculum from the assay plate
was transferred to a plate containing just PDA. Plates were then monitored for
growth over the next 5 days. If growth 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.



-21 compounds to be tested, dissolved in 0.5 ml acetone, was added to a sterile Petri” dish (90mm)
containing 15 ml of molten potato dextrose agar (PDA) (500C) to give a final concentration of 1 mg
ml-'. The dish was gently agitated to ensure an even distribution of the test compound and the agar
was then left &Y 08461dishes were 5 inoculated using a mycelial disc (8mnPcrfemmsas agar plate
culture of P digitatum which had not yet begun sporulation. The mycelial discs were placed in the
center of each test dish and then put at 24C. Fungal ighibition was monitored by measuring the
diameter of hyphal growth after 7 days. A further testWas made (in vitro) to investigate whether the
mode of action io was fungicidal or fungistatic; the mycelial disc of inoculum from the assay plate was
transferred to a plate containing just PDA. Plates were then monitored for growth over the next 5
days. If growthFeblenedfifiencanipbibigny Soakrssttidon VUisiatiaian e iZgraywih wag Midesumed it
was classified d?f /&t}zn icidal. The results are shown in Tables 5 and 6. WO 03/028451

PCT/ILO2/00803 *- A ble 5: Minimum Inhibitory Concentration (MIC) against P. digitatum and Modes
of Action Test Compopie dviingdaga of action mg,qp& agar Tmazall <0.025 Fypgieddg, Lgcanor0:05
Fungistatic Octanol 0.1 Fungicidal Nonanol 0.2 Fungistatic Citral 0.4 Fungicidal Cinnamaldehyde
0.4 Fungicidal Perillaldehyde 0.4 Fungicidal Perfigiédhorena Fungicidal

Imazalil <0.025 Fungicidal
Decanol 0.05 Fungistatic
Octanol 0.1 Fungicidal
Nonanot 0.2 Fungistatic
Citral 04 Fungicidal
Cinnamaldehyde ' 0.4 Fungicidal
Perillaldehyde 0.4 Fungicidal
Perillalcohol 04 Fungicidal
Citronellal 0.6 Fungistatic
Terpineol 0.8 Fungicidal

Carveol 1.0 Fungistatic



. Citronella) 0.6 Fungistatic Terpineol 0.8 Fungicidal Carveol 1.0 Fungistatic WO 03/028451
PCT/1L02/00808 -23 Table 6: Inhibitory Effects of Various Compounds against 3 different species of
Citrus Pathogens in the In Vitro Agar Diffusion Assay. GROWTH INHIBITION AREA OF THE
PATHOGENWEMPBthpound Geotrichum Penicillium Alternaria CandidunPitaigsanesns Imazalil 8.3
Total inhibition 42.8 Cinnamaldehyde 24.2 Total inhibition Total inhibition Octanal 3.6 2.6 5.3
Decanol 0.95 Total inhibition Total inhibition 1-Octapgl Total inhibition Total inhibition Total inhibition
Perillaldehyde Total inhibition Total inhibition Total inhibition Citral 10.6 Total inhibition Total inhibition

| Total inhibitiop,igthg. avsisaal N Rkl igh: | 2 5.Agar Djffusi Method.Potato
dextrose agar (Difco) was p%%eﬁﬁé%] se#tehriljﬁhz]le&)?l‘é5 %%Iﬁrﬁé Iﬁ%ggnéh%?@%%%ﬁﬁ% %c\lﬁgtcgg bath to
50C prior to inGdtiztidattingens ndlitibn \Glw AgspBifficsionf Rssdigitatum spores in sterile water, to make

the final concentration o %Qﬁiliﬂﬂ%ﬁ [ 1 ium was gently mixed to
disperse spores evenly%i;(l%)r to d|spensm?§3¢rﬁ1§5\e§%§%§fgﬁjﬁ§m§%&ﬂdish. Five mg of
each substance to b&O@sipsdre pipettedipsgrizignile 13 mm ppliRgligpyVhatman afgayaRaper
-disc which was placed centrally on the inogulated agar plate. Plates were incubated at 24C for 3

days. Antifungal activity was monitored 15 m@‘é%ring the widl®isftHe clear zone 8R the edge of
the paper disc to the area

Imazalil 8.3 Total inhibition 42.8

Cinnamaldehyde 242 Total inhibition Total inhibition
Octanal 3.6 2.6 5.3

Decanol 0.95 Total inhibition Total inhibition
1-Octanol Total inhibition Total inhibition Total inhibition
Perillaidehyde 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,



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. WO 03/028451
PCT/1L02/00808 -24 In other experiments (data not shown) it was found that citral and other
essential oilsWeHi#2#Shs were effective in controlling growth of the fungi P. Riigitataostad of the
bacteria Erwinia carotovora, a major pathogen of agricultural produce. 5 Example 2 Unblemished
grapefruit were harvested from the orchard and on thg same day sorted again in the laboratory to
eliminate injured fruit. The grapefruit were washed with tap water and air-dried. Each fruit was then

inoculated by piercingy s Bydn s eabia BB} 4R dA9okdnseRRtlRaIMIRe Apelles at three

different sites. Prior to each piercing, the tool was immerSed in a spore suspension of Penicillium
digitatum (106esgasviesl/rils Thennbtidnted grapfiecitvecre teprallinZ Granthss¥oheldtingi hBmidity for

24 hours after yhich the grapefruit were divided.into six groups and grapefruit from.each group were -
treated by dipp‘)%yf%&%tf%w%gén%%egsbf%?ﬁa(a W gr;c"%?tl%a/’é %@ﬁb?r(g%%??c?%%@%e?%iol in 25%
EtOH:; (d) 0.19%rdditral 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 $hown in Fig. 3. 20 As seen in Fig. 3, control fruit (dipped in water only) developed decay
rapidly reaching 100Exeigplednys after inoculation. Decay of fruit dipped in 25% Ethanol (EtOH) was

delayed, but 6 days ﬁt? r inoculation a rapid rise in decay of the EtOH treated fruit began and three
weeks after inoculati %h%sﬁ%n%@i@%faﬁttﬁ@'ﬁmgﬁé%&@m the orchard and on the same

day sorted again in the laboratory to eliminate injured fruit. The grapefruit were
washed with tap water and air-dried. Each fruit was then inoculated by piercing its

10 flavedo tissue 1.5mm deep with a tool incorporating three needles at three different
sites. Prior to each piercing, the tool was immersed in a spore suspension of
Penicillium digiiatum (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); (c) 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%
Ethano! (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.



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 18th 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 28803FuBH1which completely inhibited decay of fruit until 18 days@ftaromasosation and 30
resulted in only 20% of the fruit showing decay as late as 28 days after inoculation. WO 03/028451
PCT/ILO2/00808 -25 The dose of 0.5% citral was tog/igh and in this experiment enhanced decay due
to phytotoxicity. Example 3 5 Lemons were inoculatéd as shown in Example 2 and treated with and

without 25% ofethanol t 6&@ k whether the, 5000 ppm of the emulsifier Tween 20 could stabilize the
antifungal activi yecﬁ0 cszﬁr%?. gk Oh %{%&Fﬁbsna‘%%ﬂﬂ?g{ ﬁ{}@%ﬁ@ ﬁ%?fingeotPTween 20

esu fg, shown’in
enhanced the phtitatgxdticstral. Additionally it prevented the phytotoxicity that is usually caused by citral
if not to dissolved by ethanol. Probably the emulsifier enables the formation of a microcolloidal stable
emulsion, which prevents the phytotxicity by allowing uniform dispersion of citral, which is phytotoxic
by itself in these congaakaiiens. Thus, Tween 20 combined with the antioxidant BHA could substitute
for the ethanol in the formulation. 15 Example 4 Non-ingculated Washington navel oranges were

divided into’four group MMV §iErdnpeuipteaasishone i) Ksardtneindojransek avis 896 Ethanol;
(c) dipped in Qﬁﬁfb@cigg%@&H%d}'@cﬁé’&éWﬂ&h@%%@o?ﬂ%%@%é@h@ﬁ%ﬂ%@&oﬁ% Citral in

50% Ethanol; and (e) dipped in a 0.2% aqueous Imazalil solution. Oranges were then stored for four

months at 15Cofish-sBbiaaiie #iiaR anetintypelcaitale Berviten o dacFigoub was
measured at diffaf6Rlirate that this concentration of Tween 20 enhanced the activity of citral.

Additionally it prevented the phytotoxicity that is usually caused by citral if not
10 dissolved by ethanol. Probably the emulsifier enables the formation of a
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 Jack of either ethanol or higher level of emulsifier.



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 Wof&iBdfthermore, the results with the invention formulation arecaompansibde 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. WO 03/028451 PCT/1102/00808 -26- Example 5 Meat cuts of beef
were divided into the following two groups: (a) non-treated meat cuts; (b) meat cuts dipped for 30
seconds in 0.2% Citral dissolved 5 in 20% ethanol. The meat cuts were then stored in 1 C and 85%
relative humidity andixtstplesunt of the microbial population in each meat cut was carried out 2
weeks after treatment. The resultg showed that the total counts of microbial population in the meat

cuts treated by the citfSPHiS8Nvad iReshor Bk dHisidrdsirigs thiadoliooring thweoBIPEBsIt fUnd in the
non-treated maghaidsedGiiexponpie fblamansipapatedvathBanigliim a8, shewnisExample 2 were

dipped for 2 minutes in an aqueous solution comprising citral, emulsifier (Triton X100) and BHA at

various contefftrafiohsthrpal cofemeatioworens Hes stomd & CorrbBi%Jslativh waridmprised of
0.5% Triton X108 T fgiesiiis Y€ AR WML EiOpapliRto £ R Eath Al %W%e gReIBg e activity of

citral in preventing the development of the pathogen is clearly shown. Exam Lemons

inoculated wittegicaflemteznshentn il Exansples Zhavedrézat dhovithtaln coputows soiatidiatomprising
0.5% Citral, 0.33% Bifon IVARAAPASs treated by the citral dissolved in 20% Ethanol was less

than 10% of the total count found in the non-treated meat cuts.
10
Example 6
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. 5. 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 agueous 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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imazalil and stored at 20C 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 regiduagaafthis effective, but undesirable, synthetic fungicide. Additiaryoigsisgal to 1 ppm
imazalil did not control decay adequately, but was much better than 1 ppm imazalil by itself. 30 WO
03/028451 PCT/IL0O2/00808 -27- Example 8 Lemong inoculated with Penicillium 104 spores/ml were
dipped a day later in an agueous solution comprisTn% citral and a detergent (Tween 20), other
essential ails as Wellés som§ combination of the more effective essential oils and kept for a s period
of six days. The resu ' bial protection achieved with these various essential oils are shown in

Table 7. Some of theEerasneishaitedoatic Uer it BInRant feibsHan Hiseasigna augymitiyre of
several essentjal oils, were more effective jn these experiments than citral. Additionally their activity

against P. dighhA-AIHEAYS OHEIGN somNising pitrpaand dataeant S4uisanI2s Bhepassentiabe decay of

inoculated fruitiigpisvelays 2raOeenmatick Of MENTCBecRVe LVUatRI Bil TRa%EhaRg 25% 30 3
1-octanol 5000 ppm + EtOH 25% + Tween 20 5000 ppm 7 Citral 1000 ppm + 1-nonanol 1000 ppm +
l-octanol 10ooPeriod of six days. The results of microbial protection achieved with these various

essential oils are shown in Table 7. Some of these essential oils, particularly
cinnamic acid, vanillin, octanol and mixture of several essential oils, were more
effective in these experiments than citral. Additionally their activity against P
digitatum lasted longer.

10

TABLE 7
Effect of various essential oils on percentage decay of inoculated fruit kept 6
days at 20°C
No. TREATMENT % Decay
Water dip
1. 73
Ethanol 25%
2, 30
3 1-octanol 5000 ppm + EtOH 25% + Tween 20 5000 ppm -
Citral 1000 ppm + 1-nonanol 1000 ppm + l-octanol 1000
ppm + Carveol 1000 ppm + EtOH 25% + Tween 20 4000
4
ppm 7
Trans-cinnamic acid 2500 ppm + EtOH 25% + Tween 20
5. 25060 ppm 3
5 I-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 »
0 Vanillin 2500 ppm + EtOH 25% + Tween 20 2500 ppm 7
0. Carveol 2500 ppm + EtOH 25% + Tween 20 2500 ppm 2

15



ppm + Carveol 1000 ppm + EtOH 25% + Tween 20 4000 4 ppm 7 Trans-cinnamic acid 2500 ppm +
EtOH 25% + Tween 20 2500 ppm 5. 3 6 1-octanol 2500 ppm + EtOH 25% + Tween 20 2500 ppm 10
Benzaldehyde 2500 ppm + EtOH 25% + Tween 20 2500 ppm 20 7. 8 Citral 2500 ppm + EtOH 25% +
Tween 20 250000128819 Vanillin 2500 ppm + EtOH 25% + Tween 20 2500 pomiiozlfdségarveol 2500
ppm + EtOH 25% + Tween 20 2500 ppm 23 15 WO 03/028451 PCT1W02100808 -28- Example 9
General procedure for obtaining a most active crude gxtract from lemon flavedo. Lemon fruit flavedo
(exocarp) wés taken and extracted overnight in 5 di¢hloromethane, then exposed to sunlight for about
18 hours until the col %I] t% ichloromethane extract turned brown. The flavedo was blended and
filtered through a lay man paper. The extracted solution was evaporated to remove the
dichloromethane and@Geaatiehsecighmenias blsthiaigepasaied Ayivehtpndetegtaryivwith igsidica 60
column using dfiﬁk‘}lg c(?methane as a carrier. Two 1 o fractions of dichloromethane, one green and the
other colorless; obtained after chromatography. The crude active extract was isolated by

evaporation of the gréemdlictiiatomathdee feactiom) Lanondrel ingaulaiadMdth B@a{ggmrqrpligitatum
104 spores/ml ngﬁﬁ dipped 24 h after inoculation In an ethanolic solution comprising of the extracted
vanillin-posiivé’& %E%E?%é%ﬁ’e?f‘?@ﬁ%@@@}g%@r&%@ 18 hours until the color of the

dichloromethane extract turned brown. The flavedo was blended and filtered

through a layer of Whatman paper. The extracted solution was evaporated to
remove the dichloromethane and the dense liquor was further separated by
chromatography with a silica 60 column using dichloromethane as a carrier. Two

10 fractions of dichloromethane, one green and the other colorless, were obtained after
chromatography. The crude active extract was isolated by evaporation of the green
dichloromethane fraction. Lemon fruit inoculated with Penicillium digitatum 10*
spores/m] 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 exiractions 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



1s 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 pr&@et#8zB4he development of the pathogen. In such a high doserdfrtierznosieas extract,
some fruit 20 showed some phytotoxicity. However it was shown that this phytotoxicity was mainly
caused by different components and not by the actlvgga_ntifungal components since the phytotoxicity
could be removed while the biocidal activity maintained. Similar results were achieved by hexane

extractions of the.|i . 'rin%n;g -hydreperoxides were prepared by the following
two routes from ?r%%%%%gﬁégé %;a:%glézﬁgqtlgém at%&%gé%%lﬁgéﬁ %ral(\%fv |?n(%sr1e{;?1ree§r%g}ﬁ£ee yield of
the 30 reactionhiaspiodlnis0@ubadyter thp peaxitatdiighhweysureantamutiniemp wiEWOE MO
03/028451 PCZ{IL02/00808 =29 was, used solvent, R Bengal as activatoy. Other. light
activators, for gﬁéffn‘b"@ %ﬁ%r{%ﬁ?ﬁ,% gooccgt%éasl@ig {5 CFé%%ﬁ‘%l‘é’ﬁyﬁl%ig ?ﬁ&tgﬂﬂf’i Hﬂ with WG
345 filter was meeddhrathetithtighc ightieméeatinn=Othetvaysief ight eRE@IEOBeHke ) Mgyochromatic

light (light emi 2345 rim jn the case qf Rose Bengal), UV s light, laser also give
Iimonene-hfldmt?%%gr QRFe %?8&53? %?Rgl’f%ygrgﬂ%?é}f?@gm‘;"tcatalytic route (no light): Sodium
Molybdate (Na2MoO4Ri20 2wt usedeasseiaiavahIgh0 iaheanesititied fda@Pvs 19hdaridation

agent was added to the solvent, to 700 ml EtOH. The reaction conditions to get the desired products

were: atmospHorelRidsdFeQonas userhat & gatakish 308 mlrernrsreateb RxfPaasamasddatianous stirring.
The conversiopRhlimanaagand the Wrihel:doeasianmapeatl¥hi%Bhhditions to get the

desired products were: atmospheric pressure, 50°C temperature and 5-6 hours

10 reaction time with continuous stirring. The conversion of limonene and the yield of
the reaction was nearly 100%.

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 (104spores/mi) 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 afier 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



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
(104spores/mG¥éi€diPped in an aqueous solution comprising limonene-hy#ipBoxitkesa 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 aftter the dipping. Increasing the amount of Tween

20 in the mixtu r i € Ro agal eliminated ar at.least markedly reduced this
phytotoxicity. ﬁggﬁggg E@ﬁgﬁ %lgsﬁgg%a%%%nﬁg m eeaag?i\%%glr%%%nr%i%% ?%errﬁ)g&%t%%ahe solution
on Silica colunatscusireg iadreasadelesttlybAcetytarénd midtiuepbltginthhar wayahdhted BoséiBengal 25

very little if any.phytotoxic damage. was found. The formulation used comprises 0.259
Iimonene-hydr)io"gjeer%%a"e,y /gpﬁﬂ%%%\éafog,ﬁ) 250" Sﬁ?ﬁ’%&%&ﬁﬁ&“gﬁgﬁ‘gg‘%%ﬁ é%rcﬁ‘a composition,
completely inhibited HegrycdsyvefaheRotsvi et famyipasial asiedyolidisebpSeftandiogadation no
decay was foupd on the treated fruié W%I{jj itu}_the sa%@ple sed as 30 control, inoculated fruit rotted after
5 days (Fig> L1 PPRRSTRITRBETEHEE cah HE'HD 64/628421 b EFAL 2960808 186 Ined both

by the direct apdifismgatigiieat avbepaenene hdenarexide)antealeedhy hemasapieyalef
scoparone and scopoletin that was induced bg the limonene-hydroperoxideas shown previously for

sun-treated linfoHaetergnael pf ecansadbPie REHBQ hnd silhsomedicemedevstapedelihe. 59 and
0.25% 5 limonepe-dyesRRRIDXIna6iTaVees 2980025 % & 153, Beeay %ﬁﬁ%agg% Igggons did not

develop during 12 days (Fig. 12). The dose of 0.5% LHPO gave complete control ecay and 0.25%
LHPO had stilpbéifag casiuiy «(dpaddaumy) chanonssigtion thasntixisieidveosonpesnd (s athe 25% EtOH

exhibited ey ianene-hydroperoxide.

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

15

Example 11

Lemons inoculated with Penicillium (10° spores/ml) were dipped in an
aqueous solution comprising citral, a detergent (Tween 20), other essential oil
components as well as a dichloromethane crude extract of lemon flavedo exposed

20 to sunlight. Decay was evaluated at specific intervals during a period of 20 days.
The results of microbial protection achieved with these various essential oils are
shown in Fig. 8.
The combination of sun-treated crude, citral and 1-octano] at 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%
I-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.

30



antifungal activity (90% decay) showing again that the active compound is the 10
limonene-hydroperoxide. Route 2 is preferred, in view of the fact that the Rose Bengal, which was
used as a catalyst in Route 1, had undesirable effects: it reduces the antifungal activity and enhances
the phytotoxidi9, tatieB#éiithe end of the reaction it must be removed from the Ectweogom@ound. 15
Example 11 Lemons inoculated with Penicillium (104 spores/ml) were dipped in an aqueous solution
comprising citral, a detergent (Tween 20), other ESE%qti_éﬂ oil components as well as a
dichloromethane crude extract of lemon flavedo expdsed 20 to sunlight. Decay was evaluated at
specific intervﬁ duri[]eqla period of 20 days. The results of microbial protection achieved with these
various essen shown in Fig. S. The combination of sun-treated crude, citral and 1-octanol

at concentration of Ofafte dimcdR %y ae spotisd [foshmiigiitirfoib itiese oi slesay develsidovedilfor more

25 than 20 days (Fig. 8). These treatments resulted.in less than 5% decay while that of the control was
found to be grgg{gp%ﬁgg?’@S%@AH‘fﬁ%ﬁ‘%ﬂiw Ie‘g Sfﬁé{ﬁl%o oefrm?aﬁéééwgéﬁe‘& dteAent with a

combination ok6l260n cibrahine023%0ctBanclanal, DERCTNRAD0R I Ui fieriadsaude, or
0.125% citral, O.%S% gﬁn treatgd crude and 0.125% 1-octanol. 30 WO 03/028451 PCT/IL02/00808

-31- Example P3B At EHEnWROBRIBLRE R UBRH ERT OIS HE QreeORHB ISP dieomposition
was prepared Byedligsplyiie thR.BaIRA MRS IARRIBEHEMBSRIMEOM ECRIRIRIND 25%: gihanol and
a detergent (Tween 20). Lemons inoculated 5 with Penicilliwn 104 spores/ml were dipped for one
minute once o,lxgwﬁgrf&ﬁq;pﬁ)égx and stored at 20°C. Effect of the sun treated limonene on
pathogen development on the fruit was checked daily during storage. Fig. 9 shows
the effect of number of dips and length of each dip on decay reduction. Data
10 suggest that the results 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

microbjocidal 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 soluticn is an aqueous solution containing Tween 20.
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one day after inoculation in the composition comprising the sunlight exposed limonene solution and
stored at 20C. Effect of the sun treated limonene on pathogen development on the fruit was checked
daily during storage. Fig. 9 shows the effect of number of dips and length of each dip on decay
reduction. Daepio3guggest that the results are greatly affected by the amountpgfitienfnatesial 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™ Rilcrobiocidal composition was prepared by
dissolving theé)r(%matefj I{Tonene in an aqueous solution containing 25% ethanol and a detergent
(Tween 20). IR omesioculated with Penicillium 104 spores/ml were dipped once or three times in the

20 solution one day aftdisinsfoutiition fler Siapmminesecis thersiadigted Solutign, and storeda@&20C. In the
case of multi-dip, fruit were left to drﬁéor one hour between twag consecutive dips. The effect of the

ultra violet irra8I2HBh 1PEateli i B RBE NSy P e TSPk dHiFreR foRReaErERKf during one
month. Fig. 10:shaws shersopianteray @RHMRIEAD dDoths. 2a%acoRehaplvtioprandhstreatment of

one dip in 2500 ppm of UV treated limonene (defined as 3UVL). The three consecutive dips in the UV

treated limdnefi&aldefre¢heml vnd) 4 men Duessr dicSpepird epmprisesefiibatsams. The
control solutiogi§ahagueousHsAIICREeMa Nt TWes 38 ggg’%@?gg%@g&ﬁ@ﬂ%ﬁ’ow%

-32- Example 14 Cells of wild type Staphylococcusaureus (5 were grown for 3

hr in culture bﬁﬂmmlﬁﬁldpﬁ?@ & guidhcalttbrdnhibiaderetlagomtl ekt 50:d061 ddpusahtetermined
at 600nm. Sargpies | EHPBLEGACLLAARBRMS without citral (SAMPLES 3 4) did not inhibit the

| growth of the pathogen (Figure 14).

10

Example 15

Cells of wild type Candida albicans (1x10°) were grown on culture broth at
37°C with different concentration of extracts 50-100pl. 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 + 2600 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 B-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 18).



5 citral, 25% ethanol and 2000 ppm Tween 20. Sample 2 comprises of the same substances as
sample 1 together with p-CD 500 ppm and 300 ppm BHA. Both samples 1 and 2 significantly inhibited
cell growth of Staphylococus aureus. The same compositions of substances without citral (SAMPLES
3,4) did not irfibiBtie4Frowth of the pathogen (Figure 14). 10 Example 15 Celigafsvitdsnge Candida
albicans (1x103) were grown on culture broth at 37C with different concentration of extracts 50-100I.
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 + 2008liyonglivikeriR@nfibiBEab. RRY débearibéd 20QOmjpMeFoneand?Gpe&did ppm p-CD

+300 ppm BHA. 25 2000 ppm Cittgl in 25% ethanol and 2000 ppm.Tween 20, or the same
substances toﬁg}ﬁg?l%(fﬁ%)-é% g&@%ﬁ{m tﬁ‘ﬁi{f"cﬁsfﬁr& Slaﬁﬁélﬂnﬁ%%ﬂ%h%a%%éﬁ in either
25% ethanol oh28©Gified Tiweahe 2@ camplitebf imibindallgoaRvdhmidRisvERainsly, The same
compositions Qf substances vgggeofgt citral or sun_treated limonene (Tubes 5 and 6) did not inhibit the

growth of the pAYRBYER gt foviBsasAhef g ienseroandsyariatistythtfelilention has
been describedimeomieBsipnmdtispeeithe appended claims.



embodiments, it is evident that many alternatives and variations will be apparent to those skilled in the
art in light of the foregoing description. Accordingly, the 5 invention is intended to embrace all of the
alternatives and variations that fall within the spirit and scope of the appended claims. -34- CLAIMS:
1. A microbiocidal. aqueous formulation comprising: (i) an effective amount of at least one essential oil
component, or derivatives thereof, said derivativqu_eing obtained by exposure to light or by
oxidation, or mixtures thereof; (p.) at least, one additional stabilizer selected from the group consisting
of (a) an emulsifier selected from the group consisting of al cylaryl polyether alcohol, polyoxyethylene
sorbitan monofaufdidS:polyoxyethylene sorbitan monooleate, octyl-phenyl polyether alcohol, or

mixtures theieof, (b) an antioxidant selected from the group consisting of butylated hydroxyanisole
(BHA), ascotbic acid, buty=tEFORGIAL AR R EAVEBFBIE acid, a-tocopherol, (3-carotene, or

mixtures thereof, and (clipn encapsiatingasantsralesiadnll 0f:Hig SIREERSIStRg of cornstarch,
maltodextrin, silica gel, (3-cyclodextrin, casein, chitosan, or mixtures thereof; and (d) an additional

biocide in a concentration of froAFAHYES 4 deiialives heing obizings dxobipestisitaqueous

formulation according to claim Lisherspbsaisiessetiahels gRpgenent, or derivative thereof, is
selected from the group consisting of monoterpene or sesquiterpene hydrocarbons, oxygenated

terpene derivatives, noflitérpefidagrivaarisitisnal sabilinermlnsted ool lgrounidasisinens and phenolics.
3. A microbiocidal aqueous fornwjatiocglMﬁ@%&@mﬂww@&gmgﬁmﬂmﬂ component, or
1

derivative thereof, is selected from the group consisting of citral,
polyether alcohol, polyoxyethylene sorbitan monolaurate,

polyoxyethylene sorbitan monoolcate, octyl-phenyl polyether alcohol, or
mixtures thereof, _

(b) an antioxidant selected from the group consisting of butylated
hydroxyanisole (BHA), ascorbic acid, butylated. hydroxytoluene (BHT)
1soascorbic acid, o-tocopherol, B-carotene, or mixtures thereof, and

(¢) anencapsulating agent selected, from the group consisting of

cornstarch, maltodextrin, silica gel, B-cyclodextrin, casein, chitosan, or mixtures
thereof; and

(d) an additional biocide in a concentration of from about 5 ppm to

about 100 ppm.

2. A microbiocidal aqueous formulation according to claim 1, wherein said essential oil
component, or derivative thereof, is selected from the group consisting of monoterpene or sesquiterpene
hydrocarbons, oxygenated terpene derivatives, non-terpene derivatives such as aldehydes, alcohols,

acids, esters and phenolics.

3. A microbiocidal aqueous formulation according to claim 2, wherein said essential oil
component, or derivative thereof, is selected from the group consisting of citral, 1-

octanol, heptanol, nonanol, geraniol, octanal, nonanal, decanal, perillaldehyde, perillalcohol, citronellol,
citronellal, carvone, carveol, linalool, vanillin, cinnamic aldehyde, cinnamic acid, eugenol, menthol,
limonene, limonene hydroperoxide, carvaorol, terpineol, thymol, vanillin and camphor, or a

mixture thereof.

4. A microbiocidal aqueous formulation according to claim 3, wherein said essential,
oil component, or derivative thereof, is selected from citral, geraniol), limonene, and limonene

hydroperoxide.



octanol, heptanol, nonanol, geraniol, octanal, nonanal, decanal, perillaldehyde, perillalcohol, citronellol,
citronellal, carvone, carveol, linalool, vanillin, cinnamic aldehyde, cinnamic acid, eugenol, menthol,
limonene, limonene hydroperoxide, earvaorol, terpineol, thymol, vanillin and camphor, or a mixture
thereof 4. A microbiocidal aqueous formulation according to claim 3, wherein said essential. oil
component, or derivative thereof, is selected from cigal, geraniol), limonene, and limonene
hydroperoxide. -35- 5. A microbiocidal aqueous formulation according to claim 4, wherein the
concentration of the essential oil component, or derivative thereof, is from 0.1% to 1%. 6. A
microbiocidal-aqueous formukidcsebrdisgunletmwaion witerdin saidebivtidbeisictio semcromtiothe

group consisijng.elimagall3hiBRRRLA7AE. RARRINS: 1SRl mSRIRraZ, sodium orthophenyiphenate,

metalaxyl, phosetyl-al, captan, oxyquinoline, dicloran benzalkonium. cﬁlloride, canon,
thiophanate-methyl, triforine, carbendazim, triademinol, vinclozolin, etaconazole, or mixtures thereof

7. A microbigcidal. aqueoys formylation ﬁgg{%g} o i herein the essential, .Qil.component is
citral, the stabilizer is an antioxidant a_nq?%he a Ith‘gﬁ%%% |s§i§r%§%ﬁl.f .Sl}gr%ne%ﬁgt‘??‘onrg%nhibiting
microbial deleibpmiRmaohasisingehstipg it imeraldf dunbettbetie mmuoting, ofar, aqueous formulation
as claimed inany pf clajms sanbnReAieipd gggﬁ;ggn I I protecting fruits and
vegetables from post harvest dega?é% i ’%B%%Egap%%xqun&%e’

dicloran benzalkonium. chioride, canon, thiophanate-methyl, triforine, carbendazim, triademinol,

vinclozolin, etaconazole, or mixtures thereof,

7. A microbiocidal. aqueous formulation according to claim 6 wherein the essential,
oil component is citral, the stabilizer is an antioxidant and the additional biocide is

imazalil.

8. A method for inhibiting microbial development comprising the application of an

effective amount of an. aqueous formulation as claimed in any of claims 1 to 7.

9. A method according to claim 8, for protecting fruits and vegetables from

post harvest decay.



