WO 2005/ 113128 PCT/ GB2005/ 002011 1 COWVPCOSI TI ONS
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OF MAKI NG AND USI NG THEM 4 The present invention
rel ates to conpositions 5iconprising terpenes and
hol | ow gl ucan particles or 6 cell wall particles and
nmet hods for preparing such 7 conpositions. The
conpositions increase terpene 8 stability and activity
and provide a suitable carrier 9 for the terpenes.
The invention also relates to 10 net hods of using such
conpositions in the nmedical, 11 veterinary and
agricultural fields. 12 13 Terpenes are chem ca
conmpounds that are wi despread 14 in nature, mainly in
pl ants as constituents of 15 essential oils. Their
bui l ding block is the 16 hydrocarbon i soprene (C5H3)n.
Exanpl es of terpenes 17 include citral, pinene,
nerol, b-ionone, geraniol, 18 carvacrol, eugenol,
carvone terpeniol anet hol e, 19 canphor ment ho
dol, farnesol toI carote
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borneol, nyrcene, 2 sinene, carene, terpenene, and
linalool. 3 4 Terpenes are classified as Generally
Recogni zed as 5 Safe (GRAS) and have been used for
many years in the 6 flavouring and aroma industries.
The LD50 in rats of 7 citral is approximately 5 g/kg,
which is a further 8 indication of the relative safety
of these conpounds. 9 Furthernore, terpenes have a
relatively short life 10 span of approximately 28

oys gnce exposed Lo, puden bk 8% AidosElaRnes

5 comprising terpenes and hollow glucan particles or
6 cell wall particles and methods for preparing such
7 compositions. - The compositions increase terpene

8 stability and activity and provide a suitable carrier
9 for the terpenes. The invention also relates to

10 methods of using such compositions in the medical,
11 veterinary and agricultural fields.
12

13 Terpenes are chemical compounds that are widespread
14 in nature, mainly in plants as constituents of

15 essential oils. Their building block is the

16 hydrocarbon isoprene (CsHg)n. Examples of terpenes
17 include citral, pinene, nerol, b-ionone, geraniol,
18 carvacrol, eugenol, carvone, terpeniol, anethole,
19 camphor, menthol, limonene, nerolidol, farnesol,

20 phytol, carotene (vitamin 2;), squalene, thymol,



12 water. This deconposition or break down of terpenes
13 denonstrates the safety and environnental 14

wo piosnditesiess of the conpositions and net hods PET/GB2005/002011
15 invention. 16 17 Terpenes have been found to
inhibit the growth of 18 cancerous cells, decrease
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19ved. iBveintiolQ96, 401: 131-136). The 9 terpenes
eraniol, tocotrienol, perillyl alcohol, b- 10 ionone,
nd d-1inonene, suppress hepatic HMG CoA 11 reductase

1RCti Middpered M&/d iH8dH M iERd Anhibit the growth of

18 cancerous cells, decrease tumour size, decrease
19 cholesterol levels, and have a biocidal effect on
20 micro-organisms in vitro. Owawunmi, (Letters in

21 Applied Microbiology, 1993, 9(3): 105-108), showed
22 that growth media with more than 0.01% citral reduced
23 the concentration of E. coli, and at 0.08% there was

24 a bactericidal effect. U.S. Patent No. 5,673,468

25 describes a terpene formulation, based on pine oil,
26 used as a digsinfectant or antiseptic cleaner. U.S.
27 Patent No. 5,849,956 teaches that a terpene found in
28 rice has antifungal activity. U.S. Patent No.

29 5,939,050 describes an oral hygiene antimicrobial

30 product with a combination of 2 or 3 terpenes that
31 showed a synergistic effect. Several U.S. Patents

32 (U.S. Patent Nos. 5,547,677, 5,549,901, 5,618,840,



12 chol esterol synthesis, and nodestly | ower

cholesterol 13 levels in animals (Elson et al, J.
wOlt0s/11312994, 124: 14 607-614). D-|linonene anpPiCT/GB2005/002011

gerani ol reduced mammary 15 tunors (El egbede et al.

Carci nogenesi s, 1984, 5(5): 16 661-664; El egbede et

al ., =J I H loRst . (
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inhibit the growth of several bacteria
18 Drugs, 1996, 7(4): 422-429) and suppressed the growth

19 of transplanted tumors (Yu et al., J. Agri. Food

20 Chem., 1995, 43: 2144-2147).

21

22 Terpenes have also been found to inhibit the in vitro
23 growth of bacteria and fungi (Chaumont et al.), Ann.

24 Pharm. Fr., 1992, 50(3): 156-166; Moleyar et al.,

25 Int. J. Food Microbiol, 1992, 16(4): 337-342; and

26 Pattnaik et al. Microbios, 1997, 89(358): 39-46) and
27 some internal and external parasites (Hooser et al.,

28 J. Am. Vet. Med. Assoc., 1986, 189(8): 905-908).

29 Geraniol was found to inhibit growth of Candida
30 albicans and Saccharomyces cerevisiae strains by
31 enhancing the rate of potassium leakage and

32 disrupting membrane fluidity (Bard et al., Lipids,



12 (Pseudononas, Staphylococus, E. soli, and H
pylori). 13 Geraniol is the active conponent (75% of
wo owée/1031k8 14 Rose oil and geraniol at a conckOl/GaR006/002011
of 2 mg/L 15 inhibited the growmh of H pylori in
vitro. Sone 16 extracts from herbal nedici nes have
been WN 5t 17 \ i nhj_bi ffe i Haal
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t er penes re diluted.in water wi.th 1% pol ysorbate .
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Jibasi@xtgggps %Fggk- @ﬁ medicines HhHave been own to

17 have an inhibitory effect in H. pylori, the most

18 effective being decursinol angelate, decursin,

19 magnolol, berberine, cinnamic acid, decursinol, and
20 gallic acid (Bae et al., Biol. Pharm. Bull., 1998,
21 21(9) 990-992). Extracts from cashew apple,

22 anacardic acid, and (E)-2-hexenal have shown

23 bactericidal effect against H. pylori.

24

25 Diterpenes, i.e., trichorabdal A (from R.

26 Trichocarpa), have shown a very strong antibacterial
27 effect against H. pylori (Kadota et al., Zentralbl.
28 Bakteriol, 1997, 287(1l): 63-67).

29

30 Solutions of 11 different terpenes were effective in
31 inhibiting the growth of pathogenic bacteria in in

32 vitro tests; levels ranging between 100 ppm and 1000



12 chol esterol, that infective agents will not be able

13 to build a resistance to terpenes. 14 15 There
wae@s/1aeever, a nunber of drawbacks to the useCT/G82@k/002011
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15 There are, however, a number of drawbacks to the use
16 of terpenes. These include:

17 - Terpenes are liquids which can make them difficult
18 to handle and unsuitable for certain purposes.

19 - Terpenes are not very migcible with water, and it
20 generally requires the use of detergents,

21 surfactants or other emulsifiers to prepare

22 aqueous emulsions. A stable solution can,

23 however, be obtained by mixing the terpenes under
24 high shear.

25 - Dry powder terpene formulations generally only

26 " contain a low percentage w/w of terpenes.

27 - Terpenes are prone to oxidation in agueous

28 emulsion systems, which make long term storage a
29 problem.

30

31 There are limitations to the current techniques of

32 spray coating, extrusion, coacervation, molecular



12 The shell is sufficiently porous that payl oads up

to 13 150,000 Daltons in size can pass through the
woiosn131281 shel | and be absorbed into the hol | P&T/GB2I05P02011

of the 15 spherical particle. Baker's yeast cell

wal | s have 16 several unique pyoperties, including
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17assi gqred t e Navagen) ResRaRCR dh 1ittd:,, pH stability (e.g.
18 pH 2-12), and at high concentrations they do not

19 build significant viscosity. In addition to its

20 physical properties this composition contains natural
21 and healthy dietary fibres that deliver

22 cardiovascular and immunopotentiation health

23 benefits.

24

25 Yeast cell walls are prepared from yveast cells by the
26 extraction and purification of the insoluble

27 particulate fraction from the soluble components of
28 the yeast cell. The fungal cell walls can be

29 produced from the insoluble byproduct of yeast
30 extract manufacture. Further, the yeast cells can be
31 treated with an aqueous hydroxide solution, without

32 disrupting the yeast cell walls, which digests the



12 descri bes a nmethod of preparing yeast glucan 13
particles by alkali extraction, acid extraction and
wdadoosherzextraction with an organi ¢ sol vent aneCT/GBa005402011
15 drying. US 5,401, 727, assigned to AS Biotech 16
Mackzymal , di scl oses the nmethods of obtaining yeast
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2adj uvaatriher thidveasa ratlilonsl 1USdnpothbenf/ Hevasisl gried
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articles or I
16p Mackzymal, discloses the methods of obtaining yeast

17 glucan particles and methods of using them to promote
18 resistance in aquatic animals and as an adjuvant for
19 vaccinations. US 5,607,677, assigned to Alpha-Beta
20 Technology Inc., discloses the use of hollow whole

21 glucan particles as a delivery package and adjuvant
22 for the delivery of a variety of pharmaceutical

23 agents. The teachings of the abovementioned patents
24 and applications are incorporated herein by

25 reference.

26

27 Other types of yeast and fungi cells have cell walls
28 that do not contain glucan. The cell walls of such
29 yeast and fungi can be isolated by similar technigues
30 to those mentioned above to obtain cell wall

31 particles.
32



12 cell wall particles. Encapsul ation of terpenes into
13 such particles can be achi eved by incubation of the
wadoopariegl es with the terpene. 15 16 Accor di PQI/GB2G08©02011
present invention there is provided 17 a conposition
conprising a hollow glucan pargicle or 18 a cell wal
part Ie en uIa g rRENg, 0 21
R i i A O RS
2i ncl ydeseany bﬁﬁlewhaarmucke omgahusmsgagbocanm@&lse a
23 structural conponent. Thus, in particular, E 5 erm
d
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832 whhegret meptaracdepPedg, TandSlRELOY tRe YRIRS | ow WO
2005/ 113128 PCT/ GB2005/ 002011 9 1 glucan particle,
provide a hollow central cavity 2 suitable for
10encaweuhaVéngowhéouadpehatcaeppe@es cad deFmekeme up and

resent _nventio hat the 5 hol |l
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(gen raI &Fpehe conponent is at a relatively
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nust
16 According to the present invention there is provided

17 a composition comprising a hollow glucan particle oxr
18 a cell wall particle encapsulating a terpene

19 component.

20

21 The term “hollow glucan particle” as used herein

22 includes any hollow particle comprising glucan as a
23 structural component. Thus, in particular, the term
24 includes yeast celi walls (in purified or crude

25 forms) or hollow whole glucan particles. The term
26 vcell wall particle” refers to a particle comprising
27 the wall of a cell (in a purified or crude form),

28 wherein glucan is not a structural component.

29 Suitable particles include the cell walls of plant,
30 algal, fungal or bacterial cells. Celi wall

31 particles generally retain the shape of the cell from

32 which they are derived, and thus, like a hollow



12 be able to migrate into the particle. Hollow glucan

13 particles and cell wall particles are generally 14
wo coosa3ibs omrel atively inert materials and arBCWEB2005/002011

porous, and thus it can be assunmed that, in general,

16 hoIIom1qucan particles andocell wall particles
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handling and application of terpenes; and
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from yeast ce
15 porous, and thus it can be assumed that, in general,
16 hollow glucan particles and cell wall particles will
17 be able to encapsulate a terpene component.
18 |
19 Compositiohs according to the present invention are
20 effective against various infective agents including
21 bacteria, viruses, mycoplasmas, fungi and/or
22 nematodes;
23
24 The compositions according to the present invention
25 can provide the following advantages:
26 - maximise terpene payload;
27 - minimise unencapsulated payload;
28 ~ control payload stability;
29 -~ control péyload release kinetics;
30 - creation of a solid form of a liquid terpene to
31 increase the mass and uniformity;

32 - simplify handling and application of terpenes; and



12 (avail able from Sigma Chem cal Corp., St. Louis,
13 M)). Yeast cell wall particles with desirable 14
w@e@pariees can al so be obtai ned from Bi ori gi nPCBa82003502011
Paol o, Brazil) under the trade nane Nutricell MOS 55.
16 These particles are a sprayigried extract of S. 17
cereV|S|ae 8 Al.t ernati retigle ose
lknown by tsﬁet%‘r aémel O%ngn%g\égﬁF% ﬁ?}lan%(e%k%ng
2M nneapolis, M\) and 21 Nutrex (Sensient Technol ogi es,

M | waukee, W). These 22 are_holl ucan particles
3t hat PAFG L FRECFAEORIRTEAS DRSS BasaPt PoThtnd Sesdt cell

4ext r%&l”ﬁa%%tl%“ %&eZ‘}Eu&b%qe%%llDWall% t eferably
produciion of yeast extracts the 25 sol uble

5conpyrests cefl Iparililal.| y Yeastl yrdd yedds cald Prep@rgrtd ons
removed and .t he.ins l e reS|d sui

mateP%aVelaglt F@ll&gnglhl adithgtoT ese%ﬁ1 ova\-/I gil%ﬁ%a%r?%fé
7part ls%tr@@t@@@p LIfS @ hap pledxicnatally f%‘@‘rrﬁﬁ;%lbﬁi amey are

%ﬁucan ww. A key attribute of these materials 30
8are aivedey EEMEaitRSYoNEVEnan hPadem (§itd Ul Teh R

0h SEBLPTLISH Yareaibt eyt eutenes oraoaddan.

10st rea;mthnndu:d:me tyleaystaroela welldtsi.velMhec lyegst Faddur ey

of holl,0 t 4 At t | |
111 e i GAPLE Fos SRR e hEGHER | o5 YRR S ¢ hose

12Pr odqg%@ﬁﬁbw@ EreaPiss ot iahicaa g G:dr@ﬁ ; sa_ur nsdild e,
and ASA. Biotech. These 7 particles have been

13al kaMO)ext ¥gesdd coMli e llemevdd cl@saatith sipgirable

| ntr I I C 0
out P TR ST SR RIS 1B i LRGN (sa0
15a parkiodlog @&a&ﬁlﬁS%r@e:tc&mleN/twadlalnam Biugherceiur iMOS 55 .

hoIIow | ucan particles are the \éGP
Thé%e paré%cles are a spray dried extract of S.

17 cerevisiae.

18

19 Alternative particles are those known by the trade

20 names SAF-Mannan (SAF Agri, Minneapolis, MN) and

21 Nutrex (Sensient Technologies, Milwaukee, WI). These
22 are hollow glucan particles that are the insoluble

23 waste stream from the yeast extract manufacturing

24 process. During the production of yeast extracts the
25 soluble components of partially autolyzed yeast cells
26 are removed and the insoluble residue is a suitable
27 material for terpene loading. These hollow glucan

28 particles comprise approximately 25-35% beta

29 1,3-glucan w/w. A key attribute of these materials
30 are that they contain more than 10% lipid w/w and are

31 very effective at absorbing terpenes. In addition,



13 particles from Bi opol yner Engi neering. These 14
particles are acid extracted renoving additional 15
wQ e@stiiaesmponent s yi el ding a product 75-85% gl BPCEGB2M6/002011
ww, 17 18 Very high purity hollow glucan particles
are AdjuvaxTM 19 from Al pha-bgia Technol ogy, Inc.
(Worceste ) 2 1.CIQp Lcul at
ovoden™( SPEvFora ap DA e Bl § EERE VY Noneap
20r gasbarsel vénhoéibmwaciledanhipalrti22 esenoves resi dua
lipids and sd: the particles conprise 23 nore than
390%glucan ww 24 25 In sone enbodi nents a high
4PUi daht ¥ ghuead Pafitbel §10kan26agelilc1erl i iehe Mayher
be required, for exanple where 27 strict control over
Sposspblré tyoaranithases Pirod2gedefpyi MNedrilogntiges@utricepts

i nst ancesi .t he hi.gher it par.ticl es e
6pref Ffed gygpsg%%eﬁ’lggé S%Fe%%ﬁoﬁﬁPg ﬁb'qu#%%ﬁgther
7enbogdrents est haveepscpuadkaldl patiracitesl wotlidheemoves

preferred for_econom c_reasons; W 2005/113128
8pCT/ e8dpbsrnadointresel liHage CREPONEES Rav&sdls&s
9been'refn89@% tRebBuREE a%n%%fr%%téi\‘ne 13l RDSA BIRY cel11 wall
t er penes. 4 Pre erag\y t he hol | ow gl ucan particle

10or celieldahb B8 partiicle lods 58-$I5i%giatl udami &7/eont ent ,
llsuch as 1 or 2% 6 wwlipid. Aslight [ipid content
can increase the 7 ability of the particle to
12encapsghat-eplire ti,ehpenewd gterRenesirt ikeferatd wHdece
l'ipid content of the 9 hollow glucan particle or cel
13wal | Ppaficées LxoByPippokhiesr Fyodaest ingpr e These
14P" f BL3RL Y1 LLYplwiapt 01EAL It ol hek@yaRly ARl INA

t er pene conponent” of the present 13 iInvention can be

15assogiated compbnanser aefldithg Eheroduct 75-85% glucan

16 w/wW.

17

18 Very high purity hollow glucan particles are Adjuvax™
19 from Alpha-beta Technology, Inc. (Worcester, MA) and
20 microparticulate glucan from Novogen (Stamford, CT).
21 These particles are organic solvent extracted which
22 removes residual lipids and sd the particles comprise
23 more than 920% glucan w/w.

24

25 In some embodiments a high pudity glucan particle or
26 cell wall particle may be required, for example where
27 strict control over possible ocontaminants is

28 required. In these instances ithe higher purity

29 particles would be preferred aver other less pure

30 products. For other embodiments, the less pure

31 particles would be preferred fior economic reasons;



14 surfactant can be non-ionic, cationic, or anionic.
15 Exanpl es of suitable surfactants include sodium 16
wo a054k318%11 phat e, pol ysorbate 20, pol ysorbat e BOI/GBZ005/002011
pol ysor bat e 40, pol ysorbate 601, polyglyceryl ester,
18 pol ygl yceryl nonool eate, degagil yceryl
1”Dn°%ﬁgéél?gggic%%sppgeél?ﬁ%ogbégﬂhf% %F%kJ?ﬁ? ore
triglycero nonost earate, polyoxyethyl enesorbitan,
2nmonoekeateive2dtTakenfbingSpampene20, Span(r) 40,
Span(r) 60, Span(r) 80, Brig 22 30 or m xtures
thereof. The surfactant acts to hold 23 the terpene
4CONPERERLLR19N BAULSH 98,20 1RLS0 3SR SS 44 cell wall
encapsul ation”of the terpene conponent into the 25
5hol | parglicdenhpar gi sllégbt dépid waritepdrnt isgick aspd 2r 2%
The terpene.conpgnent of the.present i nventi.on, ¢
Gcompt o A8ifng & Far foke 1GPiE. CRrrClre Cor. (arpanps The
729 Maxtuney of tBeppaesiear reskhicaipaudytey @ihsd iterdne
effects. 31 WO 2005/113128 PCT/ GB2005/002011 131
8The EEMRPNEBEpPenBTeA6Tady hEfeilAPLef SP8LFET &fi o
o2 lenRenes 8iubabMiba LEIEBLE. Rl gkiq SRcARARsas Sy
terpene derivatives, such as terpene al dehydes or 4
10t er pevie pol grepseriNatoral paedespbillyetlild wWwerperegraager .
115 i ncl uded, for exanple nonoterpenes, sesquiterpenes,
6 diterpenes, triterpenes, and tetraterpenes. In 7
12addi bpeRonkefier enee thk@pansi dehponane off aneonpeyrst 8
wi || enconpass the_ various isonmers of that conpound.
139 FoinEgaipPa, ceRebeepgsercipied wilthdes sufdastantsondire
10 ci - r rani al .t.he R RSN
107 onguraidahd A8 Y Aph-RRi eariopje. o anionicy
15be nakedpflkat ofespénedlar eualfsc thndesn imelubée tshelimvanmes

of the extract or essen&&%kr%gke b?hpolysorbate 80,

16 auryl sulphate, po

17 polysorbate 40, polysorbate 60y polyglyceryl ester,
18 polyglyceryl monooleate, decagilyceryl monocaprylate,
19 propyvlene glycol dicaprilate, triglycerol

20 monostearate, polyoxyethylenesorbitan, monooleate,
21 Tween®, Span® 20, Span® 40, Span® 60, Span® 80, Brig
22 30 or mixtures thereof. The surfactant acts to hold
23 the terpene component in an emulsion and also assists
24 encapsulation of the terpene component into the

25 hollow glucan particle or cell wall particle.

26

27 The terpene componeﬁt of the present invention can
28 comprise a single terpene or al mixture of terpenes.
29 Mixtures of terpenes can result in synergistic

30 effects.

31



15 contain them e.g. lenongrass oil (contains

citral). 16 17 The terpenes which are exenpted from
woosagibat i ons 18 and which are listed i n EPRCT/GB2005/002011

regulation 40 CF.R Part 19 152 (incorporated herein

by reference in its 20 entirety) are suitable for use

10 L hhe kavanbinpenth 52 BRI (ALY AP onty co

terpenes for use in the present 23 invention incl e

2t hoseeselegetse@ff fommufie glCJ@Hp 24 badn silsta mglomﬁnptastsr@

pi nene, ner ol none, eranlol carvac
ugeﬁngeggrggﬁév ar e@xaﬁﬁF r%%dé%ydes or
4t er peeirplencapetifales . Camﬁﬁ@&al”%ﬁkh@ynﬁ%éﬂﬂ@”ﬂérpenes are
| i ronene, nerolidol, farnesol, phytol, 28 carotene
5(vi t aRCAUBEH, §@§aleé<ﬁ@;91ﬁ19\¢@|0tetr@@éﬁsl ef§isquiggrpenes,
gher i I ol r en
o SHEerBeBy] ralSer e ineay SR et Rl e U
72OOSEﬁﬁStZBnPCEE@B2@ﬁ5kO&ZObl51h@lb Bragiee roablay ddagound
terpﬁgﬁi used in the present inyention 2 have the

8gene s@PG@P@@éSCI@ﬁ1635§OPﬁ|§S§Hﬁrér6ﬁp that §Ompound

ogenekgkl ¥ BREe cef ket ikvenagaichah HRatde 3% -i%omer
5 More preferably the terpene conmponent conprises a 6

10t er péméréél-éct @ef tesentind ) geodp thendirerisng soinet. citral-b
119€erani Lol citral, carvone (for exanple L- 8

carv ne)negug%nol and b-ionone. 9 10 The t er pene
12conponent can suitably conprise thynol, 11 as this
terpene has_been shown to be partlcularl 12

13effeEF|§€°PﬁdtP@a?Pﬁ&dthéFeﬁgﬁpﬁﬁﬁsf@ﬁﬁh@lﬁpa%PowTSbY
141 nf eghEORSmeddo fl%hér%kQ§5cEaBE'%%léﬁkﬁaﬁub abkgich

terpene is citral

15 contain them, e.g. lemongrass oil (contains citral).
16

17 The terpenes which are exempted from US regulations
18 and which are listed in EPA regulation 40 C.F.R. Part
19 152 (incorporated herein by reference in its

20 entirety) are suitable for use in this invention.

21

22 Particularly suitable terpenes for use in the present
23 invention include those selected from the group

24 consisting of citral, pinene, nerol, b-ionone,

25 geraniol, carvacrol, eugenol, carvone (for example L~
26 carvone), terpeniol, anethole, camphor, menthol,

27 thymol, limonene, nerolidol, farnesol, phytol,

28 carotene (vitamin 2;), squalene, thymol, tocotrienol,
29 perillyl alcohol, borneol, myrcene, simene, carene,
30 terpenene, linalool and mixtures thereof.

31



16 has denonstrated particular efficacy against a
nunmber 17 of mcro-organisns. 18 19 A conbination of

w@esoaniakg thynol and eugenol has 20 denonstrBCEAEB2005/002011

particular efficacy in conbating plant 21 infections,
and is thus a particularly suitable 22 terpene

1C°”p99%%rab?c§ %ﬁeort'é heEPeRed anLMikal b@&é@@ Ghvention
have shown icacy in treating plant
2i nf ehavenshengbueea% stpectertageshar esvvtlw}s sgp-group is

100%th 28 - 50%gerani ol _and 50% t l; 29 -
3500 BEGERGT LN oBG R Y <3693 1955, qedi Ve Smace.
4qeugenol and 33% thynol; 31 - 33% eugenol, 33%t hynol
and 33%citral; 32 - 25% gerani ol, 25% eugenol 25%
5t hy nﬂpr§n@%929@él¥1I@fdeF’QEFl@BE@U@/O@@@MPOH@l5?525%
citr rani . %. Gl 20%
63 th)?m) and%%g&%% ?a?f\gkjgﬁﬂe%%é 8%9% cc?lrO %q tq ter pene
7conpgeeahiodnprihymod , aky tak lt, hearﬁroakan\,(eiofxoramln@ﬂeom&
|s parti cul ?rly swtﬁble f% ,use 7 in the present
8 nveREFgANe) 8 §UPRNSe 3R STLRERE S he t er pene
gconponent includes one 10 or nore terpenes which
contain oxygen. Citral, for 11 exanple citral 95, is
10an osryagehatrp@nemﬁmom@meﬁ:@n su3 tgbdl GOIEAS S0 thymol,
5392 40+ 3 t 0 di en
st abf8 Egl%%er'%serr%r?%%f HJlE:étist f%aegnc%%l%be or rred%’a%lfwd&tarly
12about£2508 ippminCitctrealt ig@n olre piredenititg &uhbyado IpJIalrﬂj’l
at up to about 500 ppm A stable suspension

13 infections.

14

15 Anothér particularly suitable terpene is citral which
16 has demonstrated particular efficacy against a number
17 of micro-organisms.

18

19 A combination of geraniol, thymol and eugenol haé

20 demonstrated particular efficacy in combating plant
21 infections, and is thus a particularly suitable

22 terpene component.

23

24 Other terpene formulations which have shown high

25 efficacy in treating plant infections include

26 (percentages are w/w):

27 - 100% thymol;

28 - 50% geraniol and 50% thymol;

29 - 50% eugenol and 50% thymol;

30 - 33% geraniol, 33% eugenol and 33% thymol;

31 - 33% eugenol, 33% thymol and 33% citral;

32 - 25% geraniol, 25% eugenol, 25% thymol and



16 of hollow glucan particles incorporating citral of
25 17 ppt citral can be nade. 18 19 The conposition
wotooshes1esiventi on can conprise 1 to 20 99% by ROI/GBR005/002011
terpenes, 0 to 99% by volune surfactant 21 and 1 to
99% hol | ow gl ucan particles origell wall 22 particles.
1 More spesbg%cg££¥ {he conposition can 23 conprise
about 109%7T0 about 67% W w t er penes, about 24 0.1-10%
2sur fact angoangdeabntib140298%hgkhow, gboganit2al, 20%
particles or cell wall particles. 26 27 Suitably a
3conposi ti BRYBP Lt ABAprF88eht CRAVEREI-on 28 conprises from
gabout 500 to about 10,000 ppm hollow 29 glucan
particles or cell wall particles, where the 30
Spart Actesdtuglwi o fropeaboobmponensbootp@i%ingr ppyeof the
31 copponent. Preferably the co sition ¢ IS
St ot BB apBRT 186008 ABoliT2000 B ORPUPUERs 1SS
7partigl e5W-3068aL113+28tPeh/ GB2005/ 002011 16 1 or
cell wall particles, where the particles contain 2
8f rom about 10 to about 50%terpene conponent. 3 4
Specifi 0 ot | i hHers
o5 aniry SnS; SRRSHLOAT, ERE LEEPHS, EoRponcll 1AEHRUER one
10part bel merentappehati whitkr penesiinnowggen .or Csttarmdar dor
7 0.9% saline,wit to 67% L-carvone,. up to 67% 8
1leugeﬁ6?WpE5 F6t€7gbggtréﬁ,aﬁpOfggg?@FFﬁygﬁﬁiénaefpgne'
12Car VeNngs, (MrcA® 16 % gesAniels 0F, BPAiRe Y C2 1 6 abcBAdien-
10 L-carvone and eugenol, and 1% Tween(r) 80; for
13npl di-211-hobl ehalacansparsieresfocitepl wan be formed

140 i BO0 6952 2058 | ARGt hESh o B Tote TPaF ARI°1h

15TweenbintB86n ac fipr toldboucopbaspem.hokl ewapllecamspension
particles_or cell wall 15,pﬁrticles encapsul ati.n

16terp@ﬁegoﬂﬁoWHgépcap-g@gﬁag §s 1lncorporating 01t%al of 25

17 ppt citral can be made.

18

19 The composition of the invention can comprise 1 to

20 99% by volume terpenes, 0 to 99% by volume surfactant
21 and 1 to 99% hollow glucan particles or cell wall

22 particles. More specifically the composition can

23 comprise about 10% to about 67% w/w terpenes, about
24 0.1-10% surfactant and about 40-90% hollow glucan

25 particles or cell wall particles.

26

27 Suitably a composition of the present invention

28 comprises from about 500 to about 10,000 ppm hollow
29 glucan particles or cell wall particles, where the

30 particles contain from about 1 to about 67% terpene
31 component. Preferably the composition comprises from

32 about 1000 to about 2000 ppm hollow glucan particles



16 0. 9% saline wwth up to 67%citral, up to 67%L 17
carvone and eugenol, up to 67% eugenol, up to 67 % 18
w@eroaniakg or up to 67% geraniol, thynol, and BC#HE82005/002011
Tween(r) 80. 20 21 Concentrations of hollow glucan
particles or cell 22 wall partecles encapsul ating
terpepesdfi a1l phdei A3L20wnilhe 4dhe 30r8Q1 &0 cdifbain
90, 100, 110, 125, 130, 24 140, 150, 160, 175, 190,
2200, 225, a2t 275,tBEhou2S 3P 5 er3Edie ITBHPATNEL 425,
3450, 475, 500, 525, 550, 26 575, 600, 625, 650, 675,
700, 725, 750, 775, 800, 27 825, 850, 875, 900, 925,
4950, &R FEROGombHiA.t 11280,car?8 nkdikie 142b,, 100 bacteria
1600, 1750, or 2000 ppm._can be used 29 as effective
Sconcémd funshs iheltlee’ CHMsest Masist ArRF B0 GRthots! lof

h . . . _ .
op BTG R R, WAL 0965 ¥ Pihnaara
7PCT/ GB2A0 &=0G2(] vi thy v tHwousiénd)-czarvdies ,nmade tands Hay

be useful in the 2 current invention. Th
E%onp@%ﬁﬁ@ﬂ%wﬁ“&ﬁ%)ﬁﬁ@é&ﬁtQQReﬁﬁ?&ﬁ’égﬁségﬁﬂFﬁsén45L_
et ween-aheUt vb RRINENRD @R A5 R 230G PP tifa16 and
t he terpene conponent, preferably 100 to ZOOOdEppm of
107 t hétcenpeme covh everanolf,oansk difpl weersd) 8 500 ox aon.d.,
8 2000..ppm t he f. . The te n S .t ,
l]'and g%ﬁgfg% q%ﬁ%&l§33F%%f%nﬁgié§§%3%g%:ﬁ%ﬁﬁﬁgﬂgé
12r eadidnyaperdlasied; aferpyaiidiesirs eghtel? aisigtgprideatthi LeSs
generally known to synthetic 13 chemsts. 14 15 |t is

l3.hi ghlsﬁlﬁ% SFdY Whdte tferpéidS s &G n % iy el ® et for
- 14 NVeRLIRR] e, SHAGAR YR ALA N T8N Tell wall

15 particles encapsulating terpenes in water or standard
16 0.9% saline with up to 67% citral, up to 67% L-

17 carvone and eugenol, up to 67% eugenol, up to 67 %

18 geraniol, or up to 67% geraniol, thymol, and 1%

19 Tween® 80.

20

21 Concentrations of hollow glucan particles or cell

22 wall particles encapsulating terpenes of 1, 5, 10,

23 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 125, 130,
24 140, 150, 160, 175, 190, 200, 225, 250, 275, 300,

25 325, 350, 375, 400, 425, 450, 475, 500, 525, 550,

26 575, 600, 625, 650, 675, 700, 725, 750, 775, 800,

27 825, 850, 875, 900, 925, 950, 975, 1000, 1100, 1250,
28 1375, 1425, 1500, 1600, 1750, or 2000 ppm can be used
29 as effective concentrations in the compositions and
30 methods of the current invention. Even higher

31 concentrations (up to 25 ppt, i.e. parts per



17 are at |l east food grade terpenes (as defined by the
18 United States FDA or equival ent national regulatory
wadoosow2out si de the USA). 20 21 Optional |y tPET/GB2005/002011
conmposition can conprise other food- 22 grade active
conmpounds in addition to the teypene 23 conponent,
for t t i o-cr qhi-a t z S,
Tor ¢ RO 555, B8, b, AR heRasE, Besral, S ais
2conpeiuseeatf nvvberio?7 active agents in addition to
the terpene conponent, 28 for exanple an
antim crobial agent, an anti-fungal 29 agent, an
gi nseghibCldaboagenbn aF ALl prabkarmmahetytidd agenttomprise
anaesthetic or the like. Suitable agents 31 include:
5\WO 2besivees1280RCTAGRBRO0BN002bout 28 PoLt ARGOOOuREaEY: of
Cel | I 1L _hydral sum 0 ,.not g e
Che. FBTI G0 Brdcas DEPEEaTe oF cesrpoly O e3otey Rt of
7cel | twal kegypehbesbsiponkinki,t dos, ekaspardard0, 500, 1000,
antifungals. 5 - Anti-bacterial: Antiseptics, cel
8wal | 2RQHr BPEsESere@Lsynt hesi s inhibitors, antibiotics.
7 - Insecticidal: Natural insecticides, chitinase. 8
9 The conposition can conprise an antioxidant to
10r eduBhe terorihesti snrdbcithatiser pode otheresampoasyts of
such_an 11 anti.-oxi dant m ght..be rosepar il, Vi '
11801 cBe, TR pREmays by 5 éﬁ R e o alptelsea
12pr es@Bt nghverhneguean gegeirda 1135 kihbemf @omsgh thediy:
powder. The conposition can be 16 provided in
13conbrhgmieRswi th an agriculturally, food 17 or
1g4Pharmaceutically acceptable carrier or excipient

15 It is highly preferred that terpenes used in the

16 present invention, for safety and regulatory reasons,
17 are at least food grade terpenes (as defined by the
18 United States FDA or eguivalent national regulatory

19 body outside the USA).

20

21 Optionally the composition can comprise othef food-
22 grade active compounds in addition to the terpene
23 component, for example other antimicrobial agents,
24 enzymes, or the like.

25

26 Optionally the composition can comprise a further
27 active agents in addition to the terpene component,
28 for example an antimicrobial agent, an anti-fungal
29 agent, an insecticidal agent, an anti-inflammatory
30 agent, an anaesthetic or the like. Suitable agents

31 include:



18 in a liquid, solid or gel-like form 19 20 For

solid conpositions, suitable carriers include 21
w@b@sexeriti cal grades of mannitol, |actose, SPEr/GB2005/002011

22 magnesi um st earate, sodium saccharin, talc, 23

cel I ul ose, glucose sucr ose, n@gnesiuntcarbonate and

24 the ny for I8, N t abl et. or
125 pel | g{n or % C;H% (Vevaclarrl éif"ogafuals(? (saosso larngbthey
2human oﬂoanbmahebmameﬂwhﬁﬂhﬂl1o&d@ﬂbdammﬂdmt£5ﬂe or cell
conventlong agrlcultural carriers could also be 28

0

Bused. 292130PARTEECISY  Cadiletvads StRENesdlS digimteTs,
sthe 31 cenposiid QpGaRRLalerably al so contain a

di spersal 32 agent whi ch pronotes di spersal of the
5conpesi rinad -BWAc2ed5/a113 128 iBebtE32002/0020k1 1 1 drolases,

when placed.into a water. Suitable 2
6d|spefs§Vn§§§ﬁ9§ |ﬁ%igﬂ§°%§nt%§ﬁl&&ﬁﬁlﬁﬁltodextrln 3
7al gi pat eg e%%l%@@ah'ke %ur%lL' %b%tﬁ%ﬂk@%‘tkﬁﬁfifﬁﬁée
for exaon prepareg I spersi ng
SConpositlon |n mater saI|ne aqueous 7 dextrose
solutio
o0 e RETBAE P oS PPoGOMPHESE 970 RGBT tn P ecuce

10cont gikiidAABh BWDYALS tefpal-t OXINC exhBrAWXide &i%¥h an
substances such as wetting or enmulsifying 11 agents,

11lpH bakférprigdagénind ahtobeexafpharys odilunvitagdat & or
12s0rbitan mpnal aurate, triethanol am ne sodium 13
acetate or triethanol am ne ol eate). The nethods of 14
13prepar|ng such I|qu|d conposltlons are known, or wll
e.skilled in,this art; for_ 16

15 arent S
L o B R R i EhOroRE $hE  BEPSRBE ARHCPrACH Co%0Pe in
15Phareaeyfokmp@fnaoaty Wolieams &nW Lkinpes i tPeaeier e

16 provided in combination with an agriculturaily, food
17 or pharmaceuticallylacceptable carrier or excipient
18 in a ligquid, solid or gel-like form.

19

20 For solid compositions, suitable carriers include

21 rharmaceutical grades of mannitol, lactose, starch,
22 magnesium stearate, sodium saccharin, talc,

23 cellulose, glucose, sucrose, magnesium carbonate, and
24 the like. Suitably the formulation is in tablet or
25 pellet form. As suitable carrier could also be a

26 human or animal food material. Additionally,

27 conventional agricultural carriers could also be

28 used.

29

30 A pellet, tablet or other solid form of the
31 composition can preferably also contain a dispersal

32 agent which promotes dispersal of the composition



18 15, 2000) - which is incorporated herein by 19

reference. Again a |liquid conposition could be 20
w@e@psataads by di spersing the conposition in a |PCUGB2@%/002011

human or animal food or drink material. Additionally

22 a suitable quuid agricultuyal excipient could be

d bl
157 ol aFecBR SBher BT o B MRl S

ZCOHtQthEkBéQragéﬁds Zﬁcﬂuﬂel&aﬁt&aanﬂ@.p@wdebﬁamtrln,
granul es may contain 28 diluting, dispersing and/or
3surf aéeineteve Qgeht's adle-29 can be presented in
gwater or in a syrup. Capsules or 30 sachets can
conveniently contain the conposition in a 31 dry
53tateiqméd-aqmeositiohstbans dors@sp&@ébonbeo@rebzreweby
6corrp%sition,are %gso suita % contaln ous
20051 $8 58 1BETFEE2668P662 if“ 28 Y& & pefdid g
7Wher gedesbiabl g19tcretessdh¥nol ,f baveus ngke, to form a
preserving, suspending, thlckenlng, or 3 emulsifying
8agenEsluanobeornslgRedsion . codis desiired wilies e
SUIt terl S .5
Sael | argorgrtags ety tolath, el Slofinc® o5nBh ¢
1Ogeneaakhy1ah§raubetaﬁeésbﬁuc& g eettitdng Emremulsifying

|nJectabIes it wll be appreciated 9 that, .in eral
1131 ﬁﬂ?@F?alQHugééf?ﬁlFﬁeagf@téo 8%i EFEAPHTd %ﬁ&

126XC'Bb%@%t%segogﬁﬁkagem%EoléuEﬁ%%”aQ%&@t%%bog%ﬁg%e sodium
I njectabl es can be prepared in 12 conventional forns,
13e|thepea@te|qundrs@t@am@ﬁgmln@ edgiagieons Ghe methods of
suspenS|ons soI Sui I [ ut i
145 SpEReRan g BrGT AT or ChBRRT siRhs, S S gy i
15€”U|be0a§paﬁﬁnﬁltebn&hb%% aaﬁnaedhlhomhle aamenﬁmr

adm ni stration involves use of a slow 17 rel ease or
16sust SFABRLPeFess BB 8OERP 'sTER §ﬁ&@n§e and Practice of

17 Pharmacy; Lippincott, Williams & Wilkins; (December
18 15, 2000) - which is incorporated herein by

19 reference. Again a liquid composition could be

20 prepared by dispersing the composition in a liquid

21 human or animal food or drink material. Additionally
22 a suitable liqgquid agricultural excipient could be

23 used.

24

25 For oral administration tablets and granules are

26 generally preferred. Tablets may contain binders and
27 lubricants. Fine powders or granules may contain

28 diluting, dispersing and/or surface active agents and
29 can be presented in water or in a syrup. Capsules or
30 sachets can conveniently contain the composition in a
31 dry state. Non-aqueous solutions or suspensions of

32 the composition are also suitable and may contain



18 constant |evel of dosage is naintained. See, for
19 exanple, U S. Patent No. 3,710,795, which is 20

w0 p@snpxaeat ed by reference herein. Preparati onBCT/GB2002002011
parenteral can also contain buffers, diluents and 22
ot her suitable additives. Exanp hes of non- aqueous 23
solv e I I
24 vggggggﬁgn%rgg%%§§ch as o Gﬁgqo ??ngﬁg§m%#%%?g l'e
225 ofganiourdsiger preseeiviag, etshippepiddatee) .ChAgkenlingl6 or
carrlers i,ncl .ude water, alcgpollc/ ueous sol utions,

327 eﬁﬂpéﬁéﬁylngka§€§6§n§ﬁﬁn s&A% KOS 28 ¢
abUf F aed aTRdl 341 GERak RS %@teeraalfo‘é%f”o(i:l R iC il A%1 as
sodi um chl oride solution, R nger's dextrose, dextrose

530 amad QG@ﬂu@Eth@KNdQEtm@@tated Ringer's, or fixed 31
6oiIs. Vehi cl es for intravenous use include fluid and

32 nutrient replenishers, electrolyte replenishers
7(SUC@a!@h&@@5bﬂh§ba%tEGEhGBZQ@5©QQ%le1y2bhhﬁatﬂdﬁx§éd by
based on Ringer's dextrose) and the I.ike.

8PreséP@&F¢&@§~an@oﬁtH@ﬂeﬁﬂéﬁtﬁﬁeétcﬁﬁléi§6’@@Hﬁ%&%ﬁﬁed

3 sugh_as, Oty l e, qan ial S, dant s,

94 Chep§?|njggg§%%§%ﬁ|n§%? g?gggﬁ%gndu%ﬁgﬁp%iégﬁ% 6
10For tcopicoslltddm rminst eatyi exdipdqends ussdgspersdi &g o7

Iot|oE] creans, gels, oint nts, r.ops, 8 d i

1l uppBPEBRcES FiSFragE asid p ﬁcga??&fpsbé:aﬁ]s&f pgepared 1in
12ConV edtivendli opkar rf@(iﬁtét | Altheat EHsenNS.quadues:t ipewder

10 or oily bases, thickeners, and the |ike can be used
1311 aSTHACESRSr ProsUsPsSTSaloNe, F21ifR Fpr@spraidmble for

i nventi er .pr t r
L T oI B eSSt P drifh b i A on,
15enca|aﬁulast |englls1toenspen@mcarmm@ratt,1mw@prb&aietﬂwd

conpr|3|n aELhe st.eps of; .17 a rOV|d|n i?%{% ne

16 COngﬁgﬁP‘ administration 1 lves us

17 release or sustained release system, such that a

18 - constant level of dosage is maintained. See, for

19 example, U.S. Patent No. 3,710,795, which is

20 incorporated by reference herein. Preparations for
21 parenteral can also contain buffers, diluents and

22 other suitable additives. Examples of non-agqueous

23 solvents are propylene glycol, polyethylene glycol,
24 vegetable oils (such as olive oil), and injectable

25 organic esters (such as ethyl oleate). Agueous

26 carriers include water, alcoholic/aqueous solutions,
27 emulsions, or suspensions, including saline and

28 buffered media. Other parenteral vehicles include

29 sodium chloride solution, Ringer's dextrose, dextrose
30 and sodium chloride, lactated Ringer's, or fixed

31 oils. Vehicles for intravenous use include fluid and

32 nutrient replenishers, electrolyte replenishers (such



18 b) providing a hollow glucan particle or cell 19

wal | particle; 20 c) incubating the terpene conponent
wowals/1iies 21 glucan particle or cell wall parpCTG82005/002011

under 22 suitable conditions for terpene 23

encapsul ation; and 24 d) recovering the holl ow gl ucan

partigl 2 I : t,C D uLaty Rt Re e .
1ot pee P Ree BRE Sl Ry pBRE g O BB ERERR R T B8
2net hedesanvhuitber andnprhee tldit29est epnokldoyibegpresent

particl es encapsul ati ng the 30 terpene._conmponent. .

3bryi g el RENFEFBEIFn SPCSTRaREGPLGr RayS - Biddants.
4Ment LR gRYn ea%%ﬂ%s()f 15eeezga¥05208501E3828 ike.

PCT/ GB2005/ 002011 22 1 drying, fluidised bed drying,
S5drumdrying or spray 2 drying, all of which are well

kno rocesses. 4.1ln a) :of .t-he od,

he. FePpeREl Eammatmit sl RE B A BEF  FRREEECR
7SUSPEBSLeAsi Ncaraagleawdst sahverhtsandroptsional |y in

the presence of a 7 surfactant. Sujitably the sol vent

8i s wEbBPOSAtoBlegit BIFEYSUPREACPRMISTS FrerSaHd -

o{ Pol ¥exyeLiyLaagsrlihattRaeaheabeki aBd Bkeiahl Youder
10 the surfactant is present at a concentration of
10aboubr 2119. basesl0t¥Wibkenelrgneantl the tldksl cesmade msed
llm'xture 12 nore rg%enab%é about 1% Alternatively

t he FérB§ﬁ§SST§yc8Ep Eft ay "be provided as a true
12solution in a 14 solvent, e.g. water. A true solution

of terpene in 15 water can be_obtai ned by m xing the
13t er pBhE PHOREREr InVEniton HrEResr PERViCes fr ethod of

1450'“Fgggakgpggéfhg§§owﬂélﬁ%%h%?%%&Q%lﬁod@od%%ﬁo%%9§4

pr ov etails rmng true solutions
150f t eapededei pnwapenlating a terpene component, said
16 method comprising the steps of;
17 a) providing a terpene component;
18 b) providing a hollow glucan particle or cell
19 wall particle;
20 c¢) incubating the terpene component with the
21 glucan particle or cell wall particle under
22 suitable conditions for terpene
23 encapsulation; and
24 d) recovering the hollow glucan particle or
25 cell wall particle encapsulating the terpene
26 component.
27
28 Optionally the above method can further comprise the
29 step of drying the particles encapsulating the
30 terpene component. Drying may be achieved in a

31 number of ways and mention may be made of freeze



19 20 In step b) of the above nethod, the holl ow

glucan 21 particle or cell wall particle is suitably
w@e@siigads 22 as a suspension in water or ot hePCT/GB2005/002011

suitable liquid. 23 Suitably the suspension conprises

approximately 1 to 24 1000 ngoparticles per m,

1pr ef e ahlyy 268 (o3 4Q ?Tgs( ind (@ARENEIY (e

parti g?’gs)érmy kl)lel ﬁrovi g% fgjlglsgﬂa dry pC)I\"(‘\/\//t‘J;L(?\réI and sprey
2addediryonighe aflér pénedsyif agcteamtel 12 knousp@rsiaassezs8 29
Alternatively the particles are provided in 30

3suffici ent liquid to mnimally hydrate the particles,

431 byt Relep B)Siognithiec aMoveX eRghodlheHeerddrdne component
"hydr odynam ¢ _vol unme” (HV) is used to describe the WO
52005/ 81312¢ apdy BERYOSC002G1LE SESPRNFGAUhe TbaT iafnapus
equir m_n| I I t ?ﬁg ' us
Eiuit§€ﬁ$e %é Sgggﬁ Fé§E¥§ﬁ' gf%@?ﬁ% éﬁﬁf%fQQSE%Iunﬁ
7r angisng fhroaemtthe IMMiamily whleumelofent. 5s 4vdtares tihe
HV (1.5 . This kes the subsequent 5 drying step
%Toresé’fl:';ll%l@nts}lr esEa N hére T&’ﬁ%@m ume 6 of Iiquid
d s USeR1{icychuReh ¥ thrd Mdhodltedt®)7, &SP preferably
possi bl e to extrude the finished product into 8
1pel | heosuadeditenttory) PrFSERY atcenwericamtyagriom of about
fluidi sed bed dryi (s e QFH
ljt he @é?p%ﬁe%?oﬁp%)h’g%?l@é% %]ZF kt):glceg?rcéb%ﬁc%pésau a%é%hrg{?{ture'
12t he holHcowrglifegamlpansibotite 1. B3 teelrdatiatdlyparitd dexrpene

at roomtenperature. The rate of 14 encapsulation is,
L3howe FOFPMTEe 45¢d PRt PFAE KR Bfe & 514 e 10 @

148houlgd1Rekepts kel quddie bal Idhe RNt M terpene in
denaturing tenpéerature of any conponent'of the 1

15 onpewitisirocanSiiet aiite iomedicnt oHsciingr Hieg-eypagfe tive water
168 A0V R T N9L3 Sl & YRR & PIARMHRA!

17 Publication No WO 03/020024 provides further details
18 of forming true solutions of terpenes in water.

19

20 In step b) of the above method, the hollow glucan

21 particle or cell wall particle 1s suitably provided
22 as a suspension in water or other suitable liquid.
23 Suitably the suspension comprises approximately 1 to

24 1000 mg particles per ml, preferably 200 to 400

25 mg/ml. Alternatively the particles may be provided
26 as a dry powder and added to the terpene-surfactant
27 suspension.

28

29 Alternatively the particles are provided in

30 sufficient liquid to minimally hydrate the particles,
31 but not in significant excess. The term

32 vhydrodynamic volume” (HV) i1s used to describe the



19 tenperature of 20 to 37C. Optim sation of the 20
conditions for a particular encapsul ation reaction 21
wowdos/1l2& matter of routine experinentation. PCI/GB3005/002011
The present invention further provides a nethod of 24
killing a mcroorganism said jymthod conprising the
125 SEEPLBL: 0251 Pl faNtaGhs PAaS e, 0nihe a9l gaRL ML YL! Bnd
27
conp03| onprisirng a hol'l ow glucan particle or
208||p&ﬁticl@§ parhius!| suéhabpgukhti pgraitéepenage provided
nponent 29 30 Suitabl e_conposition re thos
3def | HeHRi & ol BIC3TRELAR| FLBByehoWS 2008/ F13P28Te Of 1.5
4PCT/ GBRA95( 0201 (1 24mrf) TherRi 8SRAkekNYEAL kaBsbyuERer
provides a method of 2 preventing or treating an
5i nf edtydngi ateppacreneffigisard mdihed wbepei 3i Agwt Helume
cStep adm nistering_t i d-pat.ien n a
therggeﬁfg%é IﬁseP?eétlve d%EQUEg gg %%s?tgHv i® is
7CO”’D&IL§bnﬁo@shbléobﬁbgbﬁcaﬁdaatheclfendlshee'll bredlkt Into

particle encapsul ating a terpene ¢onponent. 8 9
8SU|tﬁﬁléeEoﬁﬁogPPﬁéﬁsgaF@ t W é@hdéﬁlﬁgHV?HlﬁﬁFef°¥O

9detafiu§§9%§da%%d %%ygﬂgélnfectlon of the patient may

be cause ctious agent. Exanples of
10t hese |nfectious 14 agents include, but are not

111 o G5t 860 282N EOpds PO oUdE, PLREAE] FOURCER™ KA

12NWCOEé@§ﬂE chéappaugeBhaBy t8e h81Rolv bluesnabarticle or
adm ni stration the conposition may be

13 cell wall particle at room temperature. The rate of
14 encapsulation is, however, increased at 37°C but the
15 temperature should be kept below the boiling point or
16 denaturing temperature of any component of the

17 composition. Suitable conditions for step c) of the
18 above method are therefore atmospheric pressure at a
19 temperature of 20 to 37°C. Optimisation of the

20 conditions for a particular encapsulation reaction
21 will be a matter of routine experimentation.

22

23 The present invention further provides a method of
24 killing a microorganism, said method comprising the

25 step of;

26 a) contacting said microorganism with a composition
27 comprising a hollow glucan particle or cell wall
28 particle encapsulating a terpene component.

29

30 Suitable compositions are those defined in more

31 detail above..



20 adm nistered orally, vaginally, rectally, by 21
i nhal ation, or by parenteral routes, e.g. by 22

w0 ndosaddesral , subcut aneous, intranuscul ar, 23 PCT/GB2005/002011
intraperitoneal, intrarectal, intraarterial, 24
intral ynphatic, intravenous, ipirathecal and 25
1l ntr %héap'iléé'fen“c%ﬁ%%nt%ht 3l @ feQr I RLI Ot g 2%
conposition tor these routes are discussed above. 27
228 Fpreerheingl otr ¢akeking the iodmodsion om maypate 29,
applied _topically, for exanplLe as a cream or ointnent

a ,
330 oF S48 CHPGpERARE EARCt FES REP GF a wound. 31 WO
420054113438 ; RCT+GB2085+003818 pakibnFheramount of
terpene admi nistered in the above 2 nmethod should
5cl ear |y bhesabpugiientl lyociéRiceiwet Hose3d gesiompgsition
result, i, [ nt.i a . Qf t
6 nroct ] oROTBERSEHED PuRRAR0R, SR bl e, s Sy wall
71 nduce spairgtislkboxhneapkigatsnign at herpahiceriompohentlhe
anmount of conposition admnistered will, of 8 course,
8phe dependent on the manner of admnistration, 9 on
ot he patieRh DeLRGLH8ALAY: alre® thibR@) lHatn@e inlthdreel r
age, condition, sex and extent of the disease 11 in
10t he debpedt aboteon t he j udgenent of the 12 prescribing
llphysician. The dose, schedule of doses, 13 and route
of administration can be varied. One of 14 skill in
12t he aht wagkdtrieadolty the phleche delend rReuskdl &y any

anti-infective anount for a given application 16 based
13on t hefgeféPds RAGWCedgEPAPLRE &t & H&fpptious

14P7 0C8GUEeS LACIIATXRR) 85 Ohen A8lowa g shoul d be

18 no that the term"patient” as used herein refers
1519 t staphyil pdioricdisalau reiush e Asinemgn 10 uenifvaligataisahi ch

1620 t%a%ﬁﬁ%%%mi olw%eép@eln%%i l-_Er:ILli!z%i stph.e, %%td %E}co% %s?n%

17 pneumoniae.

18

19 For internal administration the composition may be
20 administered orally, vaginally, rectally, by

21 inhalation, or by parenteral routes, e.g. by

22 intradermal, subcutaneous, intramuscular,

23 intraperitoneal, intrarectal, intraarterial,

24 intralymphaticﬁ intravenous, intrathecal and

25 intratracheal routes. Suitable formulations of the
26 composition for these routes are discussed above.
27

28 For external treatment, the composition may be

29 applied topically, for example as a cream or ointment
30 or as a dry powder for treatment of a wound.

31



21 donesticated aninmal (e.g., cat, dog, etc.),
livestock 22 (e.g., cattle, horse, pig, sheep, goat,
wer@s)13128 | aboratory aninmal (e.g., nouse, rabbCT/GBe@5/002011
guinea 24 pig, etc.), birds and fish. Suitably the
subject is 25 a mammual and especially a primate, for
1€XATBLE @B UREN o B7,28. his A CULLBEY sambadl gBRl,l he
present 1 nvention rovi des a net treating or
2pr eveathaog shbe&ﬂlcmeaﬁmyobeaspﬁﬁmt;eﬁaidowatho@ve the

conprising.the s 31 a m ni st
3¢ her GBEhTRRaT I SLET elr PyoPaBUs i es a caBoaFERgTeRt OF

4CONMPELSI Ngrachobhowpgkusanupar hioe! %e\ﬁ@tZQOQ/elréiil%%lch
PCT/ GB2005/ 002011 26 1 or cell wall particle
Sencapsilainfigca serpene Lordrpehésctsoinhé&hpgl Ratisentto
6soiI in proximty to 3 the plant. 4 5 Suitable
conpositions are those defined in nore 6 detai
7abovehe7am8uler pénesmbavé theanaghomwi sttereld miinat, e o&
nunber of 9 glant pat_ ho ens gsee WO 03/020024), and, as
8descFPpElS: 18 ASEELHERd] Ppl Pearesn Oésaélé‘/léléétéﬁlon
9alSooﬂltﬁéfgskhgﬁkyb%hhb e%gakgées iWRI CRNake weight,
significant™ 12 plant parasites. Terpenes alone in

103uspéhsmnage 18osdittpon, shawewrdr exaeetsoﬁexmmt disease
unstabl and g % % 14nr |d| nm A %I|he
enV|?3n ht SUPRES |8§In8 1 Sfp égg SHt18h1

12l ncoppesatipingf paykeepane CoRpodesk, i ecaebmnleowﬂaoses,
gl ucan particle or cell wall particle can reduce the

1319 rangd sputer pénadméréaseakhandegralist vehicthusOpg of

141 NCrgasing; hhendupati QRu9E 2ehk9MObet BB 1LECERERG tkPmine

15 an anti-infective amount for a given application

16 based on the general knowledge in the art and the

17 procedures in the Examples given below. It should be
18 noted that the term “patient” as used herein refers
19 to any individual, either human or animal, to which
20 the treatment is applied. Thus, the patient can be a
21 domesticated animal (e.g., cat, dog, etc.), livestock
22 (e.g., cattle, horse, pig, sheep, goat, etc.),

23 laboratory animal (e.g., mouse, rabbit, rat, guinea

24 plg, etc.), birds and fish:. Suitably the subject is

25 a mammal and especially a primate, for example a

26 human.

27

28 In a further embodiment the present invention

29 provides a method of treating or preventing infection
30 of a plant, said method comprising the step of;

31 a) administering in a therapeutically effective dose

32 a composition comprising a hollow glucan particle



21 the soil. 22 23 Suitably the infection of a plant

which is to be 24 treated or prevented in the above
woreikot1es i nfection 25 by nematodes. 26 27 BErTreB2005/002011

plant infections that nay be treated or 28 prevented

i nclude fungal plant infectiongg especially 29 those

1affecting, tE@li“P%ﬁﬁepQE c@Ea@hC §%ﬁﬁa%9 ?ﬂfe%%

|nclude owny ni [ dew, po ery ml GMIOF botry |s

2bunch rotpmbheseti hbetheopdapar birctloasioy 1 32 affedmity to

grape Vlnﬁ xo 005/ 113128 PCT/ GB2005/002011 27 1 In

3one enbodffieRt@™Fhe plant infection may be caused 2

4aby one or nore of the following: 3 Aspergillius

fum gatus, Sclerotinta honeocarpa, 4 Rnhizoctonia

Ssol afilit@bileeComPPSAGHPGSaRTs EHIO8olets nshiia) marem

6SP. ntage of a terpene based treatnent of

plangftgéﬁngggﬁgt it can be applied shortly before

7harvest. 9 10 Many conventional treatnents require an

extended 11 peri od befor%.re entry tq the treated arjg
8( gendérEPEjes1 823 S\ LERE) SLPHTSs the S TR SR

gof apbant %%h@?%%%SQS%I&OWU Y3hehene hanvest a“sa%fé%tcrki%ed
reaped mn?h 14 conventional treatnents as it woul
lOthen1noCObeem§ipgs@pbﬂecaﬁl@@rﬂ@%ﬁOVﬁé8oﬁ@ﬁ &lsthe
deS|r e ositio e
e e 6H a1 At B RE Ap Tl 4 o s T
12unti bibatvestastiees. 18T@r@rmle@ a:lloeh@ysnprsiuwpetmslon or
harvest, 14 dag; prior to 19 harvest 7 days prior
ﬁﬁb egrade

13har vE8€LUtdPNey BRWSVEEY s 36 SOTTESS

14 rapidly in the soil environment, thus losing

15 efficacy.

16

17 Incorporation of a terpene component in a hollow

18 glucan particle or cell wall particle can reduce the
19 rate of terpene release and degradation, thus

20 increasing the duration of action of the terpene in

21 the soil.

22
23 Suitably the infection of a plant which is to be
24 treated or prevented in the above method is infection

25 by nematodes.

26

27 Other plant infections that may be treated or

28 prevented include fungal plant infections, especially
29 those affecting the surface of a plant. Such

30 infections include downy mildew, powdery mildew or

31 botrytis bunch rot; these infections particularly

32 affect grape vines.



21 22 Encapsul ated terpenes have shown particul ar
efficacy 23 in treating downy m | dew, powdery m | dew
wae@shotiegtis 24 bunch rot in grapes, and thuBCT/G82005/002011
present invention 25 provides a nethod of treating or
preventing these 26 diseases. 227 28 Prevention of
1p'a”&n'8 gcﬁhﬂﬁalﬁ@ﬂtbet %hgggﬁq Q%fe%%lBﬁeﬁ%&n%e caused
pl ant's e encapsu terpenes 30 regularly
2as abpr opkybacibecenedstihe. £311¥MiAQ05/ 113128

PCT/ (B2005/,002011 _ 28 1 Suitaply the osi tion of
Sihe (FESORE LAGENTIONTRE Tor BEAEF ORI o BOLRAE o s
41'S pantzeulaniy svizkabl e cod 16@b thiedtgranildola or

di sease which affects the 4 surface of a pl ant. For
Ssprayengcidlpr@papation 5 conprising 2 g/1 of the

conposition in water may be 6 used. Concentrations of

from2 to 4 g/l are 7 particularly effective, and
7con03ﬁtaabaﬁnagefograatempe&etbaeed g&bamm@nmeo&sgdaais

required, Ooyiously i ortant that the
8concéﬁtFQPFoﬁtoFthQecéﬁBééﬁgl Ofﬁﬁysg&fo§es§PFW€ﬁéht
gto kill or inhibit the disease 11 causing agent, but

not so high as to harmthe plant 12 being treated. 13
1014 wwenysppayEngipnaﬁt§raataeet§fr@@@lEEHanoﬁX§E@§ﬁ@r

is 15 suitable to_cover th Pref-erably r at
11of §r§88 %FﬁﬁrgrrﬁrgaErV %ﬁorg pre eradlar%fodgﬁpag%lly
120r 13 geeaker IShMSeﬂehﬁseﬁ&atea@O@dt@Q%eka@E aVba et
grape, 18 vines are.being treated, a rate of 1200 L/Ha
13has 99SprEfeRbetitlabPyierrebpiyest sonpptThe treated with

14c0MPashibaR: 8hat heBLeReAt ol A%eRtl QRUIRY then not be

15 possible to harvest the crop at the desired time.

16 The compositions of the present invention can

17 suitably be applied at any time up until harvest, for
18 example 21 days prior to harvest, 14 days prior to

19 harvest, 7 days prior to harvest, or even 3 days or
20 less before harvest.

21

22 Encapsulated terpenes have shown particular efficacy
23 in treating downy mildew, powdery mildew and botrytis
24 bunch rot in grapes, and thus the present invention
25 provides a method of treating or preventing these

26 diseases.

27

28 Prevention of plant infections can be achieved by

29 treating plants which the encapsulated terpenes

30 regularly as a prophylactic measure.

31



22 alternatively be applied via irrigation. This is 23
particularly suitable for treating nemat odes or other
wWQ42008ai312&or ne pat hogens or parasites. 25 26 POI/&B2005/002011
further enbodi ment the present invention also 27
provides a conposition conprisisig a hollow glucan 28
1part kgl e piCehb W?{nboefi“c&bﬁl 8 FEREAPPHeALIRY i8v2Ation is
terpene conponent for use in the prevention or 30
2t r eatpphi edf banspnégingon This pat bertiovlargvasuitadlie
Sui tabl e_conpositions_are .those defi.ned i re 2
3det afPEaboOREI0B 30057 R E3f28 SPeT) CaS005FO0S0LE. B8 1
4l n aghurhber oenhogdi BBAL t RerpEeEeRt nghvenpredazation
provi des the use of a congosition conprising a holl ow
53 gl GemArpairgcleddr €& thgarrmpgsiitdrs dRcdFseraieng e
a 4 pen nept i e sippubagtune of
6nedi8§§§ht 8gﬁ?§$9t%gafpgakﬁegggof&i%%ect?g% %gﬁged by
7a m paethcal gahiysmf f8uictiakl, e andmposicendrs: taoast ledsgreater
defined in 7 _nore detail _above. 8., 9 The presen o
8i nveAPPBn4weY 1 ﬁ&%’gﬁ Pﬁ?@h@? dESHHE WﬁQHéiy 1t 1s
or ef engpeechatt BeakokhawcbgceheRalint i0Fd thbl coxmRlies on
and figures in which: 12 Fig. 1 represents a light
10ni cr sgedphsobuéfpryepsase kidlcer ipdfist ftheridgsepse
represents a_light m¢r a f, yeast .cek]
eneapair 0PngoE Car Dofe RORERY, B1oCRE, el arm 2 idnc
12m cr pgtaphtetayedst cell 17 walls encapsul ating
citral; 18 Fig. 4 represents a |light m crograph of
3terpene 19 enulsion; 20 Fig. 5 represents a |ight

14M cr ggeapboebYeashicehls a2kawl g ishohydredyragreater is
vol une (FN? wat er;

15 gsuitable to cover the plants. Preferably a rate of
16 900 L/Ha or greater, more preferably 1200 L/Ha or

17 greater is used to ensure good coverage. Where grape
18 vines are .being treated, a rate of 1200 L/Ha has

19 proven suitably effective.

20

21 The composition of the present invention may

22 alternatively be applied via irrigation. This is

23 particularly suitable for treating nematodes or other
24 soil borne pathogens or parasites.

25

26 In a further embodiment the present invention also

27 provides a composition comprising a hollow glucan

28 particle or cell wall particle encapsulating a

29 terpene component for use in the prevention or

30 treatment of an infection in a patient or a plant.

31 Suitable compositions are those defined in more

32 detail above.



22 Fig. 6 represents a |light mcrograph of yeast cel

23 wall's encapsul ating terpene in 5 tinmes hydrodynam c
wQZoosolupe (HV) of water; 25 Fig. 7 represent sPEr/GBgivs/002011

m crograph of yeast cell 26 walls encapsul ating

terpene in HV of water; 27 Fig298 represents a |ight

m croegrap l: 8 NCAP j

1terpg%eaiEu%%hgﬁﬁgkgéﬁgbgﬁétgyé bgg%Fig.%%k%%%?ggénts

2a | i gioviidesoghaphisef ofeastcopgldsiti®maldmprising a hollow

encapsul atin erpene _in I 10%.of -water; 3 .

3 g P BpPASETCS oa O G I o PRSI LGy SASRE Yt ing
432 wakl-pcaBCapapbakin®g ke PN eahnih Al thirks o20% @fedicament
wat er ; WO 2005/ 113128 PCT/ GB2005/ 002011 30 1 Fig. 11

5r epr é9&nthea tireghimerite odgiagie st ofe gaises PY 2 Walqre-
enca Lng t i_n I :30% af ter, i .
T2 r Spdabrly SRR lpPelt BN e Uilige dpridta in
7wal | soeecdpsuatiat abgvieer pene in HV plus 40% of water.

5 Fig. 13 represents a light mcrograph showi ng the 6

8dispersal of dried hollow glucan particles 7
9enCapsdl %E:'e@%n% b SRReRE FORRANERoWA FRrEIN Rt bed

8 Fig. 14 represents a light mcrograph as in Fig. 13
109 whershorefegenicel %ox &nch&eldoming i menrddai CIM g.

15 represents_a Jlight _mcrograph.,as in Fig. 13 11
llwherg g eﬁ gpdlﬁgggﬁﬁﬁaﬁng&%ﬁgg“included. 12 Fig. 16
12repr @sgnt 8 aebirgllenfiscogriagpit &s drvgiagph BI chiptwheremst

0.28 g_of 1% xanthan gumis included. 14 Fig. 17
13r epr 68éAt w24 LBilght nicrograph as in Fig. 13 15 where

0. 55 of 519 guMm1 i SN Gls =
e epriagn 3 PR e T SRk DR oo
151. 1 gadflslencapshdatdmy iLs demsionged. 18 Fig. 19

represents a light mcrograph as in Fi 1 19 whe
16,75 §36r o RRRERER (Gu e dc RIdeqe STy, Yagot et
17" epr @aenks eachibghtl aieogriapdlgs in Fig. 13 21 where
4.4 g of 1% xanthan gumis incl uded.

18 ig. 4 represents a light micrograph of terpene

19 emulsion;

20 Fig. 5 represents a light micrograph of yeast cell
21 walls in hydrodynamic volume (HV) water;

22 Fig. 6 represents a light micrograph of yeast cell
23 walls encapsulating terpene in 5 times hydrodynamic
24 volume (HV) of water;

25 Fig. 7 represents a light micrograph of yeast cell
26 walls encapsulating terpene in HV of water;

27 Fig. 8 represents a light micrograph of yeast cell
28 walls encapsulating terpene in HV plus 5% of water;
29 Fig. 9 represents a light micrograph of yeast cell
30 walls encapsulating terpene in HV plus 10% of water;
31 Fig. 10 represents a light micrograph of yeast cell

32 walls encapsulating terpene in HV plus 20% of water;



22 Fig. 21 shows a schematic representation of

treatnent 23 areas on sites 18 and 20. 24 Fig. 22
webh@g1H28chemat i ¢ representation of treat ment PCREB2005/002011

areas on sites 18 and 20. 26 Fig. 23 shows a schenmatic

representation of the 27 treaggent areas on site 7.

28 Fi 24.s p 10W.NQ. QQEﬁq' 0
1encagggra#%dggﬁ§e%8%%§ngagggﬁ§tg&%terpg%g'%gggea%% celd
2f or nwbat soracadtul@r2005LE13E28 ROTHEB20QS/ G020DE widker;

1 The foll mﬁngrexa | es are provided to_ further

3enabfé9-21¢h6ERTEPBIGi Aary 9Bki P TFRHRE A 5T &1?
401 pPREfOEMendabBa1ntesgnt ci-peaRt e nyvThavisaug spwekkter .
exenplary and 4 are not intended to |inmt the scope

5of t Ragi nkéntephesestenkedd ghitdindsregraidlie SMOIE NG &hSs
are parts_by-valune. r [t L Qht ..

i BArEr Sbdngt arire PoR SR RnidtRs o o
71 S aknagpkantttieppar aktpene Soapdnehes smide nics xahnthian gum.
near atnospheric. There are _9 nuynerous vari at,ions and
8conbFAdt i 6AsTEPTERENES Eorpdsitt foits CAMETEoRd tHoRs F-or3
omeki fP-0L ¥SHRIgt BeM s Ldn@hln GLRAMRANERIc1uded.
concentrations, “desired solvents, 12 solvent m xtures,

10t enp@rigt ulBsrepressntesa andhst hécropFapingss iandig. 13
conditions that ca g used.to optinse 4

1 esu ?rgbpa?%eg PEoﬁftﬁ@n%gggrﬁﬁgﬂlgo&ﬁg§PtF s 15

12and peyhods. repkyseaasonablighanehikcewighra®hl@s in Fig. 13
experinmentation will be required to optimse these.

1317 18hexganpl- 819- oPeABn¥ER&TREN I6M 61 géFe UCE8di ng
i ntog:19 Baker, aRt iehes i ied s Ye 1

L e o8 PREP RSt S ts1 B 3O T aT SRy Brotoca liad >

15per f oheed Do58epons$t A&t manthan gum is included.

16 Fig. 18 represents a light micrograph as in Fig. 13
17 where 1.1 g of 1% xanthan gum is included.

18 Fig. 19 represents a light micrograph as in Fig. 13
19 where 2.2 g of 1% xanthan gum is included.

20 Fig. 20 represents a light micrograph as in Fig. 13
21  where 4.4 g of 1% xanthan gum is included.

22 Fig. 21 shows a schematic representation of treatment
23 areas on sites 18 and 20.

24 Fig. 22 shows a schematic representation of treatment
25 areas on sites 18 and 20. )

26 Fig. 23 shows a schematic representation of the

27 treatment areas on site 7.

28 Fig. 24 shows a graph showing comparison of

29 encapsulated vs. non-encapsulated terpene

30 formulations.

31



23 that terpenes would |load into yeast cell walls and

24 ot her hollow glucan particles. 25 26 Emul sions of
wa@Raosak3iasd L-carvone were prepared by 27 m xi PQI/GBR00S002011

of the terpene with 100 pl of 10% Tween 28 80 in

water and 250 pl of water. 29 380 Baker's yeast

part e u i
1P bR Yok 06, ERUAGROTNYES ot SET P i e
2PCT/EBBQ@5b@OB®ﬁ1na32 tkfinflednathenalkt lkoecmake or perform
Branchbur were mxed with 2 water to form

3ny/ nfh §u§5§ﬁ§P8nln§en219§0 plFhsY PRE PBT yY@ﬁempiary and
4Suspgpsi gprand:enfepl t6f 16h8t Bnketpepe @FulHiconnR®ion.
m xed together and incubated 6 overni ght under
50onsﬁahesagnnducahed50®h§KW¥Beorpﬁ@ps PreupgaEnsi &y agdume

500 ter were,used as .8 tr

partgglggr§g §YtWSﬁ mééhgﬁ Cﬁ%%g? %&mg%E%FuFe s in
7fr°”H§ﬁ£§é$abe§QHh§'Qﬁc ) T8 p@f&tcgﬁbigner@@ﬁﬁ@kaeﬁﬁe,
were t rozen and lyophilised until 11 dry. 12 13

8The padtprbssumeresth@nomenﬁamaaemoa@@eenanlné@euﬁd@ﬁe

14 light mcrosco The resul t shomn |gs 1
915 tﬂgﬂgrfgs ?rﬁgglofés 8@508 éP]% Ongtructures Wit h
108 dapkmBbeatabnsl8nthebhdsenbhne, fofesekdng @Fplising them,
hol | ow gl ucan 19 particles. Figs. 2 and 3 shows
llgphepi-Bal SPRRENERES COPGERITER ta O8fol I06F L&55e #OANEE LS/

lzm”th ?lbéﬂ%tm%%kEQ%gd %%m?%%%&h%%s,tEE%%S%&%spa g her
th® encapsul a in the Central cavity -
130|trahngesFagd 2onZi3 tandslL thatvoae be Eisgd 3o loptRingse

142 anghg %esu&ts obtained from the described compositions
15 and methods. Only reasonable and routine-

16 experimentation will be required to optimise these.
17 "

18 Example 1 - Demonstration of Terpene Loading into
19 Baker’s Yeast Particles and Purified Yeast Glucan
20 Particles

21

22 The following protocol was performed to demonstrate
23 that terpenes would load into yeast cell walls and
24 other hollow glucan particles.

25

26 Emulsions of citral and L-carvone were prepared by

27 mixing 150 pl of the terpene with 100 pl of 10% Tween

28 80 in water and 250 pl of water.
29
30 Baker'’'s yeast particles (YP) or Levacan' yeast

31 glucan particles (YGP), available from Savory Systems



24 bl obs of free terpene can also be seen, e.g. at the
25 top of Fig. 2, just left of centre. Fig. 4 shows
wo b@s/123828 er pene emnul sion as smal |l bl ebs of terP@EEGSB2005/002011
suspended 27 in water. 28 29 30 WO 2005/113128
PCT/ GB2005/ 002011 33 1 Exanplx 2 - Determ nati on of
maxi j d L-.2 C di I S
kel sVl varr “BEHEPEPLrEs 9n) PP RS e
2f ol | wat ag pooformlamﬁéOpmgﬁmﬁnsdspenaeDern1ne the 6
maxi mal anounts of terpenes that would |load into YP.
7 8 - L-carvone and citral enul sions were prepared by
49 soghgahingrdchedyof othecbespnepenwibh @nd BbOWALebE the
10 - 10% Tween-80 sol ution was prepared by sonicating
511 4tergefTacenudeipn wors mizedatepetper. agd incubated
suspen3|on s a t hzywat 3,0
o or e Bar P SSSEnEDHs ke HbERatrl L 0% Bl e YO
7meresﬁ§peﬂplaﬁ gdasceObedl 5 wat&ablvers. uséd &2 €itral

or L-carvone-water enul sion was n1§ ed mﬁtg_ P .ig an%
8 TweeROBBTYr f abRENPAETEFAPEnICAE FO6H 1¥§S @éng ut'e et
9sanphﬁﬁlmefﬁe%eﬁkﬁhfEgﬁgrﬁbllémgggléng 20ef Part@cie
m nut es and the appearance of free tergene 21 floating
10on theecpgueblenkayerewasbescsredenThad22vepsillisegr antil
shomaﬁln the right hand colum |l abelled 23 free
Y

Tter €-of Table 1. 24 25 The expression "free
12terpene” refers to the visible

13 The particles were then rehydrated and examined under
14 light microscope. The results are shown in Figs. 1
15 to 4.

16

17 Fig. 1 shows spherical structures with a dark area at
18 their centre, these are empty hollow glucan

19 particles. Figs. 2 and 3 shows spherical structures
20 with a swollen appearance with a light coloured

21 interior, these are particles with terpene

22 encapsulated in the central cavity - citral in Fig. 2
23 and L-carvone in Fig. 3. In Figs. 2 and 3 small

24 blobs of free terpene can also be seen, e.g. at thg
25 top of Fig. 2, just left of centre. Fig. 4 shows the
26 terpene emulsion as small blebs of terpene suspended
27 in water.

28

29

30



26 presence of terpene in the centrifuged reaction 27

m xture. The absence of free terpene indicates 28
w@orslieties absor pti on of the terpene by the pare¢TIG82005/002011

29 The hi ghest volune of terpene absorbed by the 30

particles, as evidenced by thesabsence of free 31

jrer pﬁ,gg:apiﬂészr Ecﬁéﬁsg?i‘ﬁai-.%nﬁefi makivghupetehl 384 L.-
abs TT3128

2PCT/ 682066 0008ding32evélsabheBakeulhe ¥eanty/ felicipdide

3V'oI 10@%Tf§en-(55 YP Emul sion 80 Terpene ul ul pl
15 500 L-carvone 0.5 500 - 3 500

4L-carvone 1.65 500 - 4 500 L-carvone 5 495 - 5 500

L-carvone 16.5 483.5 - 6 500 L-carvone 50 450 + 7 500
5L- caFenéolbewdsg Progosed wagapeshiersed fo+degegpone the

Sqi 1 AP bsaops R r EphP ke 57750 194 %0 Y2

7C tral 50 450 + 14 500 Gtral 165 335 + 15 500

Citral 500 - + 2 3 As can be seen fromthe results,

8YP is chpaBrecse andapdsiBilngMandlensapsiraPrrgaaed by
ol east 190318'?&5?5%' 8 GaproRge! %egeﬁeewcﬁl B 30m1akater

| east

emul’si on per

10 - 10% Tween-80 solution was prepared by sonlcatlng
11 4.5 g Tween-80 in 40.5 mls water.

12 - YP suspension was prepared by mixing YP with water
13 to form 20 mg/ml suspension.

14 - Encapsulation reactions were set up as described
15 in Table 1.

16

17 Citral or L-carvone-water emulsion was mixed with YP
18 and Tween 80 surfactant overnight at room

19 temperature. Samples were centrifuged at 14,000 x g
20 for 10 minutes and the appearance of free terpene

21 floating on the aqueous layer was scored. The

22 results are shown in the right hand column labelled
23 free terpene of Table 1.

24

25 The expression “free terpene” refers to the visible
26 presence of terpene in the centrifuged reaction

27 mixture. The absence of free terpene indicates

28 complete absorption of the terpene by the particles.
29 The highest volume of terpene absorbed by the

30 particles, as evidenced by the absence of free

31 terpene, was recorded as the maximal volume of

32 absorbed terpene emulsion.
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As can be geen from the results, YP is capable of
absorbing and encapsulating at least 16.5 pl of L-
carvone terpene emulsion or at least 5 pl of citral

emulsion per 10 mg of YP.

Example 3 - Demonstration of improved terpene loading

W o N oy Ul W

with surfactant and determination of optimal Tween-

(Y
(@]

80 :Terpene ratio

l_\
l_\

The following protocol was performed to demonstrate

=
N

that the presence of surfactant improves terpene

[
W

loading and to determine the minimum level of Tween-

l_\
S



26 by the YP. The highest volune of terpene absorbed
by 27 the YP, as evidenced by the absence of free
WO eoopand28 28 was recorded as the maxi mal vol uPE€T/6B2005/002011
absorbed 29 terpene emulsion. 30 31 32 WD
2005/ 113128 PCT/ GB2005/ 002011 336 1 Table 2 Tube 250
Terp e r
tgo TEpeNEEent bt PR HCEE! B TR TertEnglustihg
2L- carganeidh0 0 350 Si 3 500 L- carvone 150 5 345 Si
4 500 L-carvone 150 10 340 Si 5 500 L-carvone 150 33
3317 Si 6 500 L-carvone 150 100 250 - 7 500 L-carvone
4150 200;1 &9 L- n
4 ot voRe AB0 D100 <5 10 508 L= darvone f08 5 gk °% Y
511 500 keparecneg4@051Q 9@ the tErBQOeLwa&hv@né a0 wager.
77 ++ 13 500 L-carvone 400 100 - + 00 L-car,vone
6400 20 4P%180688089 S?éué’se@nowﬁﬁaprfi@r@- FON{gaL3EHI
7G tral 313 ? 3¢ecth-gb7 120Q 00kt pal wht3,10 377 + 18 500
Ctral 113 33 354 51 19 500 Citral 113 100 287 51 20
8500 Cit Baket13 200sih8Pens2dbn5@@sCorepbreti3b3smizxing YP

9 with water to form 250 mg/ml suspension.
10 |
11 Loading reactions were set up as shown in Table 2

12 below.

13

14 Citral or L-carvone-water emulsion was mixed with YP
15 with 0 - 10% v/v Tween 80 surfactant overnight at

16 room temperature. Samples were centrifuged at 14,000
17 x g for 10 minutes and the appearance of free terpene
18 floating on the agueous layer was scored. The

19 results are shown in the right hand column labelled
20 free terpene of Table 2.

21

22 The expression “free terpene” refers to the visible
23 presence of terpene in the centrifuged reaction

24 mixture. The absence of free terpene indicates

25 complete absorption and encapsulation of the terpene

26 by the YP. The highest volume of terpene absorbed by

27 the YP, as evidenced by the absence of free terpene,
28 was recorded as the maximal volume of absorbed

29 terpene emulsion.

30

31

32



250 0 250 ++ 23 500 Citral 250 5 245 ++
250 10 240 ++ 25 500 Citral 250 33 217
250 100 150 + 27 500 Citral P@GBEGB2@®5/002011

22 500 Citral
24 500 Citral
wWG-20028189 Citral

pl 100% 230 + WD 2005/113128 PCT/ GB2005/ 002011 37 1

SI =slight 2 3 As can be seessfromthe results a

1TweepzgPedaconcentration of 1% (i.e. 100 pl of 10 %

Tween-80 in 5 1000 pl of reaction mxture) is

suf fiTikent t®5al | gwTehpeorpl|ai@l ypoakBwebnth@aterpeniBree

in the above reactiion.. 7 A|2% Tyeen- causes no

i nprovenem%éslm%—sé‘l&kereas Wi t 8a 0. 33% Terpene

concentrati o freg terpene wagl 9 obsgived. |[THIS

indicates| that: 10 a) Terpenes ane absorbed]into YP

partficles| i n566e |11 absence of a surf—act ant/, 580t |t he -

pr eserge—ot—i2—surfactant—stgn-feantlyinereases

ter pené 13 aBa{r pt ;Lbr?.ari’ﬁmﬁ) Jg\rglél'\;veen condertPafi onSt

of arognd 175§ offjByvcke |30 YP Toafling as3ub S1

ensures proper loading 16 whilst |maxin singithe

ter pené payl @@ of Lt—h:@rvpneq Lyant i cI 88, 18| 340 Sl

Exanpte—4 Det-ef —on—of rad pet ' et 119)

20 ndgencapggpatl E)L‘n gtrvlgngar jB%;(aE %ast GePt vl | St

21 Hargi cl ess0YP) [revelSondd 250 he fiodd ow ng2poot ocol-

was perfarnmed to determne tthe 24 maxinmal amunt$ of

t er penés [t hab0Qoul |d1ceadoneg|ol 3P| 25 %10 hi gh ¥PO -

| o fad

levetrsg—26—54, L-carvone| 150 350 - -
9 500 L-carvone| 400 0 100 ++
10 500 L-caxrvone| 400 5 95 ++
11 500 L-carvone| 400 10 90 ++
12 500 L-carvone| 400 33 77 ++
13 500 L-carvone| 400 100 - +
14 500 L-caxrvone| 400 |20 ul 100%| 30 +
15 500 Citral 113 0 387 +
16 500 Citral 113 5 382 +
17 500 Citral 113 10 377 +
18 500 Citral 113 33 354 Sl
19 500 Citral 113 100 287 Sl
20 500 Citral 113 200 187 -
21 500 Citral 113 350 37 -
22 500 Citral 250 0 250 ++
23 500 " Citral 250 5 245 ++
24 500 Citral 250 10 240 ++
25 500 Citral 250 33 217 +
26 500 Citral 250 100 150 +
27 500 Citral 250 {20 pl 100%| 230 +




27 - L-carvone and citral enulsions were prepared by
28 sonicating 4.5 g of the terpene with 3 m 1% 29

waemsn1313® - 5% Tween-80 sol ution was prepar edP@IGB2005/002011

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

17

18
19
20
21
22
23
24
25
26
27
28
29
30
31

sonicating 31 0.5 g Tween-80 in 9.5 M water. WO
2005/ 113128 PCT/ GB2005/ 002011 388 1 - YP suspensi on

masn?ﬁegagggggg mxing YP with water 2 to form 250
ng/ suspension. 3 - Encapsul ation reactions were set
up as shown in 4 Table 3. 5 6 Ctral or

L- carvone-wat er enul_si on S_m X with YP and
TweoRE 805 BUPPaTEa: ToVEr REBhECEELFBoth B9FERpEPat ure.
SampkescwateaeeBhr bfuged (at ¢141000ux gf 20f @ TdRen-80 in
m nutes and the appearance of free terpene 10 floating

on t h80Aquéoas rapeEliapsmsEsred) TResuffieignfstarallow
sho ' ' hand I el:le 12.free :
tor porB5kLR bk B5 e Yo B e Al 8 react son.
t er peng% mretens8bochheeri abblieprdSeprasenae rekullespene

in the centrituged reg%gion 16 m xture. The absence of
fr eeWPBFFeRe"Lhlli BaPed 37 EBRFFELBLARR0F BEFO T SEP P Re Was

ter pgpgebycline ¥RisThaait8cBEObASE Vol ume of terpene
absorbed by the YP, as 19 evidenced by the absence of

freeal er penecneasaze sbegorded asteh¥Pnmrifarles| dmetbe
absorbed,LeLpene, 2% HESLO0n22pues thE%praBendl o’
surfactant significantly increases terpene
absorption.
b) 2 Tween-80 concentration of around 1% i1s optimum
for YP loading as it ensures proper loading
whilst maximising the terpene paylbad of the YP

particles.

Example 4 - Determination of maximal terpene loading

and encapsulation at high Baker’s Yeast Cell Wall

Particles (YP) levels

The following protocol was performed to determine the
maximal amounts of terpenes that would load into YP

at high YP levels.

- L-carvone and citral emulsions were prepared by
sonicating 4.5 g of the terpene with 3 ml 1%
Tween.

- 5% Tween-80 solution was prepared by sonicating

0.5 g Tween-80 in 9.5 ml water.
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39 1 Table 3 Tube 250 Ter pene Vol 1% Tween- Free
wORUos11134B8 Enul si on 80 Terpene ul ul 111 1 500 PCFGBO@®5/002011

2 500 L-carvone 15 485 - 3 500 L-carvone 37.5 462.5 -

4 500 L- carvone 75 425 - 5 5003¢-carvone 112.5 387.5 -

6 500 Lz 50 3 S 7

12 e s00E, aPeah 0B, Py rg helo by TR Rt th e
2500 Clttalfafm52462m5/ml 50@8p@nkran.75 425 - 12 500

Citral 112.5 387.5 SI + 13 500 Citral 150 350 + 14,
3500 €t Farapgglaygon regcsiong wiegle 55¢ 59 #5 Shovgs 1n
scan be segen fromthe results in Table 3, YPis 4

capabl e o absorblng and encapsul ating terpenes at 5
5hi gh YP concentratlon YP absorbed and encapsul ated 6

at least 112.5.it of carvone terpene enul si.on rl%% vp

67 | efdtres pI &rce»ﬂffﬁo&re WEhr L smu&éHszgJ%m&F‘f

7Thi s s dgmenethakes shikghcthe tt 8kRens o@RC alRs Hokd on 9
reaction is independent of YP concentration wthin

8 temperature. Samples were centrifuged at 14,000 x g
9 for 10 minutes and the appearance of free terpene
10 floating on the aqueous layer was scored. The
11 results are shown in the right hand column labelled
12 free terpene of Table 3.
13
14 The expression “free terpene” refers to the visible
15 presence of terpene in the centrifuged reaction
16 mixture. The absence of free terpene indicates
17 complete absorption of the terpene by the YP. The
18 highest volume of terpene absorbed by the YP, as
19 evidenced by the absence of free terpene, was
20 recorded as the maximal volume of absorbed terpene
21 emulsion.
22
23
24
25
26
27
28
29
30
31

32
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to anal yse t
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11 12 WO 2005/113128

Scr een

2 for terpeP€r/GB2005/002011
was perfornmed

5 loading proparties of different
6 The particles studied were

Baker's Yeast Cell Wall 7 Particles (Sigma Cheni cal
Cor p., [Stubedloui350M))|, TériNereex TMOMI | $3( Beashent Free
Technol|ogi es, M| Ke 9. W), SAF-MannanIM (S
Agri, M nneaﬂﬁﬁ%ﬁb@‘lﬂ@&ri cept Mal 1% Aﬁe—rpﬂe—
(Nutriclepts |l ncy1 Burjnsville, WN)yu1 11 LevacanTM
(Savory| Systlems Interlnational, llnc., A2 Branchhurg,
NJ) and WEPTM (APPha-|bet a-Technol ogy,| 135PAc. -
W)rceste%—h%—.—&ét Ih—t—ecarvorre—apnd—rttragcenutsions
wer e prep%red b?} 16 ;‘Grﬁagéftofflr?g 7T% terpen§5+ 3 M
3.3% Tween-80. 3@0 18 rlaBhechdlebpwscpnpacesst he -
purity mith ithe nunher of 19 yeast particles per ngy
and the| packled 860i dsl2@awiogiet|/ véPune ratrs. 21 22-
23 24 2p P65 A8 " 2¥vone| 112.5 387.5 -
6 500 L-carvone| 150 350 Sl +
7 500 L-carvone| 225 275 +
8 500 L-carvone| 450 50 +
9 500 Citral 15 485 -
10 500 Citral 37.5 462.5 -
11 500 Citral 75 A25 -
12 500 Citral 112.5 387.5 Sl +
13 500 Citral 150 350 +
14 500 Citral 225 275 +
15 500 Citral 450 50 +
As can be seen from the results in Table 3, YP is

capable of absorbing and encapsulating terpenes at

high YP concentration.

YP absorbed and encapsulated

at least 112.5 nl of L-carvone terpene emulsion or at

least 75 ul of citral emulsion per 125 mg of YP.

This demonstrates that the terpene encapsulation

reaction is independent of YP concentration within

the ranges tested.
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Table 4 Yeast Particle Purity No. particles/ng My
wearositcdies/ M % Beta 1,3 glucan Bakers 11.2 BECRGB2@5002011
Nutrex 24.5 1.7 x10 58.8 SAF Mannan 33.4 2.4 x10 41.7
Nutricepts 55.7 5.2 x10 37 Ley@mcan 74.6 1x10 19.2 WGP
182. lpRamp¥el8 10gcfednFEefiiné2big14y hvadlabteCpackidaes
t hat—the mumber—of 4 particles per ng 1s inversery
2prop60ribﬁapen§ pbeprptioB8 Thus the nunber of
particles per ng of W&P is alnost 6 10-fold higher
than Baker's YP. 7 8 The YP suspensions were prepared
aas fehbows110@i4g prBakeplswysapereelrmedalb pastlivele the
suspension (YP) 11 was prepared by m xi ng 250 YP /
5m 130FdéBE BOorerbiesngtr & LEgEHE sitaﬁe\ﬁ/ag pPES&Edes -
1 X 1 1
CSAF FRNGR CSheRs  on WaG. Broparihy ey o34. el
7ny BPaspichger (¥GBma Chei¥chle€ordl., B8 .- LNUHBhC@@@S

suspensi on, repared b utri.cepts
Svap NoRF x5, 10 Ete T Mt CHE b RN

gpr epm«;d banMéhﬁgnM7 S)isy ﬁ&lLe\Mlmapdmlsl%mveen
80. WGP suspen5|on was prepared by m xing 121 qgﬂ
10WGEP Nutrlcept wWalls™ (Nutricepts Inc., Burnsville, ),

11 Levacan™ (Savory Systems International, Inc.,

12 Branchburg, NJ) and WGP™ (Alpha-beta Technology,

13 Inc. Worcester, MA).

14

15 L-carvone and citral emulsions were prepared by

16 sonicating 7 g terpene + 3 ml 3.3% Tweeﬁ—SO.

17

18 Table 4 below compares the purity with the number of

19 yveast particles per mg and the packed solids
20 weight/volume ratio.
21

22

23

24

25

26

27

28

29

30

31

32
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nunbers of particles were 3 assayed.

1t o i ngypategoverni ght.

O 0w I o U1 kW N

N N N o T T e e e i e
N R O WL o U AW N RO

21 YGP / m 1% Tween 80. 22 WD 2005/113128
PCT/ GB2005/ 002011 42 1 The packed vol une of the above

4 5 Loadi

2 which neans that eqRel/GB2005/002011

ng

reacti ons were set up as showyin Table 5 and 6 left

Sanpl es were centrifuged 7 at

14,000 x g for 10 mnutes and the appearance of 8 free
t erpeast f Paatiogedn therhgueoldol apertandeshimgd ¥olparticles/ml
of} t he encapsulate%_éé&%:ﬁgénﬁn the pellet was| 10
sclored. The result A-lin the two right [hand
11 col ums of Tabl|e q%lﬁggnhighest vol une of te¢rpene
12 absorbed by pariti cTes as evi denced by the albsence
of| 13 faedenser perle waklrzcor ded as4thé030Iune of 250
abserbed 14 terpene °”“'°;un 15 —3+8—19—26
21 22 N9§ress 25 peloY 9T go10 °8.8
SAF Mannan 33.4 2.4 x10° 41.7
Nutricepts 55.7 5.2 x10° 37
Levacan 74.6 1x10° 19.2
WGP 82.1 3.5 x 10° 10
From Table 4 it can be concluded that the number of
particles per mg is inversely proportional to purity.
Thus the number of particles per mg of WGP is almost
10-fold higher than Baker’'s YP.
The YP suspensions were prepared as follows:
- Baker’s yeast cell wall particle suspension (YP)
was prepared by mixing 250 mg YP / ml 1% Tween 80.
- Nutrex suspension was prepared by mixing 163 mg
Nutrex YGP / ml 1% Tween 80.
- SAF Mannan suspension was prepared by mixing 234
mg Biospringer YGP / ml 1% Tween 80.
- Nutricepts suspension was prepared by mixing 99
mg Nutricepts YGP / ml 1% Tween 80.
- Levacan suspension was prepared by mixing 217 mg
Lev YGP / ml 1% Tween 80.
- WGP suspension was prepared by mixing 121 mg WGP
YGP / ml 1% Tween 80.
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Tube Particle conc }.zl Terpene Vol 1% Tween Free
w@eiosar3zsrg/ m Emul sion "4 80 pl Terpene 1 Bake€T/€B2®6/002011

500 L-carvone 125 375 - W 2 Nutrex 163 500 L-carvone

125 375 - W 3 SAF Mannan 234 £00 L-carvone 125 375 -

W 4 t S 0 Y 2
lLevaE%% %%gﬁ%%ovﬁggggvgﬁeﬁ%%sgﬁgvé éa%%%cie@llé 1de8t1cal

2L- cawkibok mésns76hatV£qﬁaBahember250fSDarCuCﬂ&B vege

375 - Y 8._Nutrex 163 500 Citral 100 375 - Y 9 SAF
3Mann&n©33%9500 Gitral 100 375 - W 10 Nutricepts 99

4500 Citral 100 375 + Y 11 Levacan 217 500 Citral 100

375 + int 12 WGP 121 500 Citral 100 375 + int 13 --

5- L- bapdbne Igscgysns werg seb upcpgr ghowpoigofaple Spand

Inter fsla?elnﬁxggk vgknlggghg?ga?hﬁgfow%re centrifuged

rom t ['T"owi ng
7conchusn®n9006keg foreadhadnutes Budlthedap@eamahee of
with_a lowlipid ggntent were .8 | ess effzctlve at

absoFB?ﬁgtFEPEQﬁe ogtingeoR ShPe2FHFPISI &8YREr 8Fp g

geffeghiye 8k ti&Q éﬁ%ﬁ%@h@ﬁtb@r ReRBEnell in \€%|e| QWllet was
degradation product of citral was not 12 forned when

10encapsoratied TheSAEsNARRaATH $BowWnBisedhen tygalrilghti hand

1 e oA BoFEe eIk Clrle! o cBifene

12 absorbed by particles as evidenced by the absence of
13 free terpene was recorded as the volume of absorbed
14 terpene emulsion.
15

16

17

18

19
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wpovstlizgs of terpene | oading into various
particles and different

15 NutrexTM second and Baker'

s thir

d.

16 WO

2005/ 113128 PCT/ GB2005/ 002011 44 1 Exanple 6 -

5 The foll ow ng protocol

4

was adopted to conpare the 6

_ 2 tREEEBRG05/002011
i ncubation 3 tenperatures.

lI oadj etics of various types of yeast particles.
7 8 L-carvone and citral emulsions were prepared by 9
Te08Rl Catamg cla | edgpene wii | ITSrmednag. BroMigentvdden | 19ré¢ | Colour
1% Tween- 80 sol uti on_was prepared by sohigcating n
12 10% Tween. 80|FG/b| nl WERERS1Ps | Lk | Msgﬁﬁeﬂ—e
s P'ﬁ&ﬁ%g“soy M XhNO5®0 0, Of o BAkEEF1 28 1376n 20 Nl - W
1% Tween . 16/- NutrexTM YGP suspensipn was prepared
by m xingr2ex 17| g1 881t r 2T M-YGRrvon 0L 2% 1%3‘7\5/een-80. - W
18 4 SAE - MannaniM cns}nnlcc); or—was—prepnared 5”7 A g 2
1FPEnMapaan TR f n| 207 it~ “GRERRnZ 0 3750 b1 - W
Ldé e F R d ONTS T €5 8611, UPa ASoRd P | N 5&@' e p. 22 W
23 The reactions were|incubated for|1l 6, 9 and 24
E houL.evatanoom BéVerBQQ) hecarvaye GL23Af t eB7Bncupat i &n W
:erl es were frnbhd A+ 14 ANO ol o £ or AN
hv 3 T = _cu. L=, UU. Y 1; IU
% nit es WSB and tﬁ%iapggg gn‘&%r‘é?ﬂ?r];?eé\ter%ée - "
foqtTBgxap e [2ZZ58aq1equs e iwasi sgpr ed:7sThe - Y
results are shown in |28 the two right hand coluims of
Tablle @Juthitex hi ghe68 |200yoldieradf EPpHene3dBsorped by ¥
t+hno hgr+| clpe Ad 29N At Aab Al by 4 b Ia £
1 5 T ooy | > T IJ CTTE (S0 Ul €T _
ter gorte Wb drgaq [o00| Citral T[1607TTSTS i
10 | Nutricepts 99 |500; Citral (100 375 + Y
11 Levacan 217 |500| Citral |100 375 + int
12 WGP 121 |500| Citral }100 375 + int
13 - - - {L-carvone|l1l25 875 + -
14 - - - Citral |100 900 + Y
2 W = white; ¥ = yellow; sl = slight; int =
3 intermediate
4
5 From the results the following conclusions were
6 reached:
7 - Purified particles with a low lipid content were
8 less effective at absorbing terpenes.
9 - Less pure particles were more effective at
10 absorbing terpenes.
11 - Yellow degradation product of citral was not
12 formed when encapsulated in SAF-Mannan™
13 - Basged on qualitative loading at the single terpene
14 level tested, SAF Mannan™ appears to be best,
15 Nutrex™ second and Baker’'s third.
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L-carvone and citral emulsions were prepared by

sonicating 7 g terpene with 3 ml 3.3% Tween-80.

1% Tween-80 solution was prepared by sonicating 1 ml

10% Tween-80 in 10 ml water.

- Baker’'s YP was prepared by mixing 5 g of bakers YP
in 20 ml 1% Tween-80.

- Nutrex™ YGP suspension was prepared by mixing 2
g Nutrex™ YGP in 20 ml 1% Tween-80.

- SAF Mannan™ suspension was prepared by mixing 2 g

SAF Mannan™ in 20 ml 1% Tween-80.
Loading reactions were set up as shown in Table 6.

The reactions were incubated for 1, 3, 6, 9 and 24
hours at room temperature or 37 °C. After incubation
samples were centrifuged at 14,000 x g for 10 minutes
and the appearance of free terpene floating on the
aqueous layer was scored. The results are shown in
the two right hand columns of Table 6. The highest
volume of terpene absorbed by the particles as
evidenced by the absence of free terpene was recorded
as the volume of absorbed terpene emulsion. Colour

of the encapsulated pellet was scored at 24 hours.
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21 22 Terpene enul sions were prepared as follows: 23 -
L-carvone - 4.5 g L-carvone in 1.5 m 3.3% Tween- 24
w@osami128 Citral - 4.5 g citral in 1.5 m 3. 3%CT/GB2005/002011
Tween-80. 26 - Thynol/L-carvone m xture (T/L)- 2.25 g
thynmol and 27 2.25 g L-carvoresin 1.5 m 3.3%
1T“Beﬁr§Q tﬁ@ regﬂﬂggokhowﬂ @ngTQBQ%n@lah@ étﬁeﬁ‘ 3. 3%
Tween- 8 - CGeraniol - g geraniol in 1.5 n
23. 3@@Eaeema8©onsmx2605b113w28gpcmnGBgs@@n@oz@m1be4ma@e=
- Citral/L-carvone/ Eugenol mi xture (C/ L/E) :g %;
3citrél TEERSRFP |LQAHREHE ST O el 0% e 11 g
43. 3% Tween-80. 4 5 Enul sions conposed of terpene :
mater : surfactant 6 ratio of 0.75:0.3:0.05 were used
5for & hagsgperexpeyddieiy socclrd ﬂmaasém@wﬂmnasamfat
terpene enul sion were mxed 10 with 250 ng/ M Baker's
6YP or ZSPTh/FAPSAT Wi nanTM 11 overni ght at room

Tur 6% conty PUPE a1 SHSB00 Ko goPol L The 2 e APbekad fOT

gt he appﬁ@faﬁggdﬁsfree terpene floating 14 on the
aqueous | ayer was scored. The highest volunme 15 of
9t er pene e'mJIEﬁ%heﬁbééﬁb@ﬁrﬁyc%l%gﬁt§ yptgkesaf peth
MannanTM as d by the absence of free terpene
1017 was recorggkggﬂgghe vol unme of absorbed terpene 18
11emul si on.. Cotoufadf reneapsubabblet ehpanesaidedt be 19
peIIet was recorded. The results in Tables_7 and

12show t hat al EVafRgredahy FE?péﬁéeESﬁbPﬁaVﬁéﬁ@WMEPiOEf

p3efficiently EHQQQQtéP&Qt?QthB@EQEa§ YBgPEaafkoBNp@R e
22 particles.

14 24 hours at 37 °cC.

15 |

16 Example 7 - Screen a range of single terpenes and

17 terpene combinations for particle loading

18

19 The following protocol was adopted to compare the

20 loading efficiency of Baker’s YP versus SAF Mannan™
21

22 Terpene emulsions were prepared as follows:

23 - L-carvone — 4.5 g L-carvone in 1.5 ml 3.3% Tween-
24 80.

25 - Citral - 4.5 g citral in 1.5 ml 3.3% Tween-80.

26 -  Thymol/L-carvone mixture (T/L)- 2.25 g thymol and
27 2.25 g L-carvone in 1.5 ml 3.3% Tween-80.

28 - Eugenol - 4.5 g eugenol in 1.5 ml 3.3% Tween-80.

29 - QGeraniol - 4.5 g geraniol in 1.5 ml 3.3% Tween-80.



24 Table 7 - Evaluation of Baker's YP Loading of 25

Di fferent Terpenes and Terpene M xtures. Tube Baker
waeoopana28/ol 1% Tween- Free Colour (pl) Enul sSPONGBpA05/002011

80 (pl) Terpene 1 500 - - 500 - W 2 500 L-carvone 15

485 - W 3 500 L-carvone 37.5 &462.5 - W 4 500

L-carvo +/ - [11 / / 0020%1
T S e e e M o
2150 350c#t¥417 508 b- carwemen22512B5g+eWyeBod0ln in 1.5

L-carvon 453050 ++ W 9 500 Citral 15 485 - Y 10 500
3Citral B7.8-482Tweeny8011 500 Gitral 75 425 - y 12
4500 Gitral 112.5 387.5 +/- Y 13 500 Gitral 150 350 +

y 14 500 Citral 225 275 +y 15 500 Citral 450 50 + vy
516 5BOu¥gions 4gBposyd ©f 5EO0PFNE 37w t4E2.:5surgacignt

5300 7711458738075 W 730" Ba0VRFE 235575, W52 500
7T/ L 48PebOmén¥¥ .23 500 Eugenol 15 485 - W 24 500

Eugenol 37.5 462.5 - W 25 500 Eugenol 75 425 - W 26
8500 Eugenol 112.5 387.5 +/- W 27 500 Eugenol 150 350

9t W128,-200: F49689imée50¢7Petphe emulsion were mixed

10 with 250 mg/ml Baker’s YP or 250 mg/ml SAF Mannan
11 overnight at room temperature as shown in Tables 7

12 and 8. Samples were centrifuged at 14,000 x g for 10
13 minutes and the appearance of free terpene floating
14 on the aqueous layer was scored. The highest volume
15 of terpene emulsion absorbed by Baker’'s YP or SAF

16 Mannan™ as evidenced by the absence of free terpene
17 was recorded as the volume of absorbed terpene

18 emulsion. Colour of encapsulated terpenes in the

19 pellet was recorded. The results in Tables 7 and 8

20 show that all single and terpene combinations were

21 efficiently loaded into both Baker’s YP or SAF Mannan

22 particles.

23
24 Table 7 - Evaluation of Baker’s YP Loading of
25 Different Terpenes and Terpene Mixtures.
Tube |Baker| Terpene Vol 1% Tween- Free {Colour
(ul) | Emulsion (ul) 80 (pl) |Terpene
1 500 - - 500 - W
2 500 | L-carvone 15 485 - - W
3 500 | L-carvone | 37.5 462.5 - W
4 500 | L-carvone 7 425 +/- W




29 500 Eugenol 450 50 + W 30 500 Ceraniol 15 485 - W
31 500 Geraniol 37.5 462.5 - W 32 500 Geraniol 75 425

WO 2006/1882600 Ceraniol 112.5 387.5 + w 34 500 Eer/aBR@bs/002011

150 350 + w 35 500 Geraniol 225 275 + w WO
2005/ 113128 PCT/ GB2005/ 002011 4849 36 500 Geraniol 450

50 + “93,""" SHFHE315485 tHEr37

262 5 % 1390800 Ty o J 342 &, 48‘\8?15’ oL izl "

387.5 [+7¢ 588 P0G RSP0 1370 + Y 342 500 T LLE W

225 215 + 43 %00 C/I/FE 4%0 50 +lY 1 2 Table 8 -

Eval ugtidn oﬁOSAF: IMrrare®adidip of 34X ferent w

Ter perneszafd—ftergeneM-xtures A TibeSAF Terpeng_ Vol

1% Twgen® Frégﬁ Ioure (P Eftn 51 pn 83§ng1) Tergrérne L "

500 - [-&0C 50W 2 @@Qr[alcarvomg 1% 48585 W B 500 Y

L-carvone 37.5 2.5 - 41500 | -¢arvone 75 425 - \W/

5 500 L-l@arvéﬁ@ 112C5t38'l 5 -3W 56 50(46L?- c,5arv3ne 150 Y

350 +/ \I\I 7 %nn nnvlt nnnnn E ﬁ—ll— TI AL O JJU — 7

L- car ortd 45680 |+ {i't8 2300]ai {al |15 488 - W 107500

Gtral[329 484 3 - cWerA1 500G Iy TI 73@7UJ5 423 -+ W Y
13 500 Citral 150 350 + Y
14 500 Citral 225 275 + Y
15 500 Citral 450 50 + Y
16 500 T/L 15 485 - W
17 500 T/L 37.5 462 .5 - W
18 500 T/L 75 425 - W
19 500 T/L 112.5 387.5 +/- W
20 500 T/L 150 350 + W
21 500 T/L 225 275 + w
22 500 T/L 450 50 + W
23 500 Eugenol 15 485 - w
24 500 Eugenol 37.5 462.5 - W
25 500 Eugenol 75 425 - W
26 500 Eugenol 112.5 387.5 +/- W
27 500 Eugenol 150 350 + W
28 500 Eugenol 225 275 + W
29 500 Eugenol 450 50 + W
30 500 Geraniol 15 485 - W
31 500 Geraniol 37.5 462 .5 = W
32 500 Ceraniol 75 425 - W
33 500 Geraniol | 112.5 387.5 + W
34 500 Geraniol 150 350 + w
35 500 Geraniol 225 275 + W
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112.5 387.5 -
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450 50 + Wilnverted 16 500 T/ LrdBGB3®5402011

W 13 500 Citral
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150 350

I nvert ed

W WO 2005/113128 PCT/ GB2005/ 002011 50 17 500 T/L 37.5
462.5 - W 18 500 T/L 75 425 -4V 19 500 T/L 112.5
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387.5

= 2 0—FHt—350-350—FH=—W 217001 225
275 1 W24 508 1 £e4E0780 1 W h3]500 Bgenol 15 485|
- W 243500 Bygenol &/L.pe462.515 W 25 4430 Eugenol 75 Y
425 - (W 26 500 Fugenol 11215 387 % +/- W 271500
Eugendl 3850 390 + WC/AZ8/500|EddeRol| 226275 +|W 29 ¥
500 Eugenet—450—50—+W-365060-Cerantot 15 485—W 3t
500 Gdrani di °57. 8 46/ %' E W 337500 Gersm ol J5 425 -| ©
W 33 {500 Gersan QI 1d2. ke 3871.10.2. M 348806 Cefantph Y
150 380 - W 35 8500 Geranioll 225 275 - W _lnverted 36
500 Gdr ddi ql 5990 {50 G/IWE | nyerk™®d |37 500 ¢/ LJE 15 485 Y
- o cNnNA. oLl 27 C Ac00 .0 —\AL
W BRSSP oY 275 + Y
43 500 C/L/E 450 50 + Y
Table 8 — Evaluation of SAF Mannan Loading\of
Different Terpenes and Terpene Mixtures.
Tube| SAF Terpene Vol 1% Tween- Free Colour
(ul) | Emulsion 80 (ul) Terpene
1 500 - - 500 - w
2 500 | L-carvone 15 485 - W
3 500 | L-carvone | 37.5 462 .5 - W
4 500 | L-carvone 75 425 - W
5 500 | L-—carvone | 112.5 387.5 - W
6 500 | L-carvone 150 350 +/~ W
7 500 | L-carvone 225 275 +/- W
8 500 | L-carvone 450 50 + W
9 500 Citral 15 485 - w
10 | 500 Citral 37.5 462.5 - w
11 | 500 Citral 75 ul 425 - W
12 | 500 Citral 112.5 387.5 - w
13 | 500 Citral 150 350 +/- w
Inverted
14 | 500 Citral 225 275 + W
Inverted
15 | 500 Citral 450 50 + W
Inverted
16 | 500 T/L 15 485 - w




- no free oil; W

white;

Y

yvellow.

39 500 CL/E 75 425 - W 40 500 CL/E 112.5 387.5 - W
41 500 C/L/E 150 350 - W 42 500 C/L/E 225 275 +/- W
W@ 300500168 L/ E 450 50 + W 1 2 Inverted = PhaseP¢TG8raos02011
- solidsfloating on top 3 - no free oil; W= white;
yel | ow. WD 2005/113128 PCTﬂEBZOOS/OOZOll 51 1
Fromtn g thes fot oW g goser v ere _Z2- W
nmade: 37 /$$6?erpenes appeared t ¢ Ioa |nto Baker's
YP ang 14; $SAOMNnam /B - $AF7BBnnan H2S a hi gher - W
terpene_loadinglcapacity 6 than bakers YR ¥ The
t Wo ardlﬁhre'%o%ly mi%tkr es | 32 € penédalso |8 appear W
to ef ficimentiystjoad & —=TietEypene Mot | appears W
to have‘zg hi % %r 10 ensityjtidan the particles azd
water [ag1ltl y@3 | 11 f,0ound dssxmy ated W@W7ash the pel ket . W
12 - RBor the SAH Mannan__the highér load levels and
13 | i dher p%@@icleéTé%sulte&ﬁqql oade@®part|{cles™ 14 W
f | oat ipg=o—thestrf frthesagquecus gayerfor —15 -
citral Zr:?d g%(?gri gﬁ?gﬁ%oi) (3] t.ffgl Vas ;4r805?ect pd from
oxi dat|i @a Qysohe Sﬁ&geﬁaihkmBaDSbut a2 iy t he Baker's W
YP. 18 19 |The dpproxinatelmaxinall | ocading for each
partidl &5 205@9/|ce Eme@@e efim féd and i%Xhowh in ~ W
Tabl es—9—ard=—4H I &y ed — W
represe%?g a5?%t|o d?géﬁ% égugﬁ%unt?%%ﬁ?%rpene ﬁéaded
to thg amynioof| paudecde |23L50 esent Jawei ght for + W
wei ght]). 2
28 500 Eugenol 225 275 + W
29 500 Fugenol 450 50 + W
30 | 500 | Geraniol 15 485 - W
31 | 500 | Geraniol 37.5 462.5 - W
32 | 500 | Geraniol 75 425 - W
33 | 500 | Geraniol | 112.5 387.5 - W
34 | 500 | Geraniol 150 350 - W
35 | 500 | Geraniol 225 275 - W
Inverted
36 | 500 | Geraniol 450 50 + w
Inverted
37 | 500 C/L/E 15 485 - W
38 [ 500 C/L/E 37.5 462.5 - W
39 | 500 C/L/E 75 425 - W
40 | 500 C/L/E 112.5 387.5 - w
41 | 500 C/L/E 150 350 - W
42 500 C/L/E 225 275 +/ - W
43 500 C/L/E 450 50 + W
Inverted = Phase Inverted - solids floating on top




25 26 27 28 29 30 31 32 WD 2005/113128
PCT/ GB2005/ 002011 52 1 Table 9 - Maxi nal terpene

wo omdilnyg28 n Baker's YP. 2 Terpene Vol. LoadedP@i/GB2005/002011

Loaded ww L-carvone 37.5 33.3 Citral 75 67%

Thynol / L-carvone 1:1 75 67% Bigenol 75 67% Cerani ol

175 6§fgﬁnﬁﬁéjfésﬁﬁﬁ¥oﬂﬁé gél@@ﬁ@n&“@ﬁ@@fvééléné)w@r%4

Tabl e 10 - NMaxi nmm

terpene | oadi ng i n SAF Mannan

2Ter pea@de Vol . | oaded pl % Loaded ww L-carvone 112.5

3 Eugehol 214 2C6TREBSS 2RPS

4

5

6

7

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

5 .
100% Citral 150 133%Th%F61i/IE_g8? go/gn%olB%% 55198%and

G tral / &xpayyensh 150 133% Eugenol (1:1:1) 6 7
Exanpl e 8 - Evaluation of Terpene stability in 8
aqueoussSEmUlishoas had enbapselatedperepéneding capacity

than bakers YP.

- The two and three way mixtures of terpenes also
appear to efficiently load.

- The terpene Eugenol appears to have a higher
density than the particles and water as it was
found associated with the pellet.

- For the SAF Mannan, the higher load levels and
lighter particles resulted in loaded particles
floating on the surface of the aqueous layer for
citral and geraniol.

- Citral was protected from oxidation by the SAF
Mannan but not by the Baker’'s YP.

The approximate maximal loading for each particle
type was determined and is shown in Tables 9 and 10
below. Percentage loaded represents a ratio of the
amount of terpene loaded to the amount of particle

present (weight for weight).
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%

L-carvone

112.5

100%

Citral

150

133%

Thymol/L-carvone 1:1

112.5

100%

Eugenol

112.5

100%

Geraniol

150

133%

Citral/L-carvone/

Eugenol (1:1:1)

150

133%

Example 8 - Evaluation of Terpene stability in

" aqueous emulsions and encapsulated terpene

12

13
14
15
16

formulations

Terpene stability was assessed by the observation of

citral formulations for the formation of a yellow

colored oxidation product.

hand column in Tables 5-8 citral emulsions and citral

As noted

in the right

encapsulated Bakers YP turned a progressively

increasing yellow color over time.

However,

citral




25 were carried out keeping the ratio of 26
particle:terpene: Tween (1: 0.44:0.04) constant and 27
wo 200¢i103y28 he anmount of water in the system froPCT/G82085/002011
28 (3.53 g) to HV + 40% water (4.92 g). Controls were
29 the standard | oadi ng system3wich uses 3 X HV
1Wat eLnc30uPaLiba! €3 ﬁﬂ?yméﬂﬂahﬁfﬁﬁﬁ%é%géﬂ'éﬁﬁﬁdﬁms
Fol l ow ng 31 overnight incubation sanples of the
2n1xtsteb1ﬁetg 32 evatlented hicmosedpitabhyotopbpeage of
terpe i and WE 2005/ 113128 PCT/ GB2005/ 002011 54 1
3evi d¥RCLOBT CPEPPeRéShptaRE-into the particles and for
42 material flow characteristics by assessing flowin 3
inverted tubes over 15 mnutes. In addition, the 4
5pr esExeEpbe 9rFPLﬁadlﬂﬂq°§<TB‘EEH;E;EEyﬂEHEEE&.ﬂEEEES
reaction mxture with 5 X HV, vortexing to obtain a 6
conpl ete di spersion of particles and centrifugation 7
7t o seﬂénﬁnu1bwengaptbcbeoénwapsubatéédteupeﬂe eVhéua8e
results are shown in Table 11 12. 9

8Fj gsthe PBSﬁébéﬁbﬁytEBaFOESFHSH?eéﬁﬁgéngfaP e 10
9f0||8ﬂbﬁ%sh§9€§onllntoFY9 c%uidTﬁgecarrl%d'oﬁhgatsa'very
- Tube 6 14 - % 10 - Tube 8
1015 -hEgh. Yeast Tabél$®6816YP Fegligdz levgBeteiralipwigor
TabI 11 Tube, SAF. Ter pen El.o
11go0) i brelotea bR BRnepth b B fi88: Pndned )
121 - f18iBised bddldkiearvoTtedmbédiha’d ampund bf water to
L-carvone 4. 64

13 completely hydrate the SAF Mannan™ particles was

14 determined to be 3.53 g water per g solids. This

15 defines the hydrodynamic volume (HV) or water

16 absorptive capacity of the particles. At this level
17 of water the hydrated particles have a consistency of
18 a stiff dough which is thixotropic, i.e. shear

19 thinning like mayonnaise. Addition of water up to 40
20 % above the HV results in a thick flowable paste.

21 The standard reaction that has been used in the above
22 examples was carried out at 3 X HV water.

23

24 A series of terpene (L-carvone) loading reactions

25 were carried out keeping the ratio of

26 particle:terpene:Tween (1: 0.44:0.04) constant and

27 varying the amount of water in the system from the HV
28 (3.53 g) to HV + 40% water (4.92 g). Controls were
29 the standard loading system which uses 3 X HV water,
30 particles only and terpene only reactions. Following
31 overnight incubation samples of the mixtures were

32 evaluated microscopically for free terpene and



51 L-carvone 4.64 0.17 - - 6 1 L-carvone 4.64 0.35 -
- 7 1 L-carvone 4.64 0.52 - SI 8 1 L-carvone 4.64 0.7

WO 205013128 1 L-carvone 4.64 0.87 - High 10 1 LPCHGBWS/002011
4.64 1.05 - High 11 1 L-carvone 4.64 1.39 - High WD
2005/113128 PCT/G52005/0020115455 1 The results shown

pin Té@&&%ﬂée?@ﬁ £L85end ﬁﬁt%@e2iﬁ€809ﬁér§£§tigﬁés and for
terpéne Toading and encapsulation 3 into the .

2 par tihat esiat cft owdclhatrat tewas eics aby ogsdeevahgatbgw in
Surprisingly, equival ent |loading occurred. .5 even n

3the +%%%¥%%gr %Q??oﬂvﬁﬁsl%a@+ﬂﬁgﬁface ?nagdlgl?eacpggn

aW thotheoconshst ensy 611awsti hésdoyeh bgi Bgdrdcihe the
m ni'mal anopunt of water to hydrate the particles, 8

5The wésenten ohitiesetwipen? WalVobseryeying to obtain a
m cr oscopi cal ' 7.to . [ h . .
o7 FRREPLERLbY b oy T ogbel 00 miechous Fptation
711 mes kedatimenet the partheléuehcdbsylatetiheerpene. The

supernatant 12 conpared to the_ terpeng.only_contrgl
813 E@SW%%%ea¥%sﬁhggnek?eﬁﬂb%ﬁr1Lnﬁ£$s$éﬁarn g? igé
915 cengitipns,t ool oadyt eneenssai AOrbghl ew gkueas 16
particles. The flexibility to use a mnimal volunme 17
10of watktiowitngydvhes:the particles during the |oading
18 process will al]ow, | oading of the terpenes under 19
lcond! tibhg- wheFeTHRE Peaction mixture is a malleabl e
1220 dpugpié[kg copghst gncy using standard food-grade 21
swept surface dough m xers. The consistency of the 22
13final hrg.sel +dsuber pene | oaded m xture is suitable
23 for direct extrusion to formnoodl es and pellets
14for - 24Fi@ui 4PsedTBEE 8rying. 25

15 - Fig. 11 - Tube 10

16 - Fig. 12 - Tube 11

17

18 Table 11

Tube| SAF Terpene [(Weight| Water Free Flow
g Emulsion (g) (g) Terpene

1 - L-carvone | 4.64 4.5 + +
2 1 - - 8.0 - +
3 1 L-carvone | 4.64 4.5 - +
4 1 L-carvone | 4.64 - - -
5 1 L-carvone | 4.64 0.17 - -
6 1 L-carvone | 4.64 0.35 - -
7 1 L-carvone | 4.64 0.52 - sl
8 1 L-carvone | 4.64 0.7 - Mod
9 1 L-carvone | 4.64 0.87 - High
10 1 L-carvone | 4.64 1.05 - High
11 1 L-carvone | 4.64 1.39 - High




26 Suitable facilities to scale up production in this

27 manner would require: 28 - Gaulin honobgeni ser, or
weouwsaadient to produce 29 stable terpene enul BEDGB2B6/002011

- Swept surface dough m xing tank. 31 - Extruder. 32

- Fluidised bed drier. WO 200%5113128

PCT/ ! e110,735 at yop,of-an
1intéﬁ?%?%%%?pggﬁéﬁ?ggo%?E?%Bgée%% ?%da?gbgfsgngig% in
2dri edethahsomet8 ghacanepaetnéeclesdengapsdl ancagsalation

terpene c onent . 4. di sper si on._when -hydrated, . 5 6
3 he FOP oo RGP T BT URGULARt Bh bt <UArhat oFieS 7
seffesfaDiagadi Nnteuspiisahghydregei{ el ént0lba8i 8gSe6ccBrred
dried holl ow gl ucan particle encapsul ated terpene 9

5f or neiv ek | Wash t Bhei spedsegwheachyeravad. tainggpface in a
MannanT tl S 1.-.0:10 en-8 v el one-

LRI RGeS con AP IERE00 S ee LqRh oo

7 ef f eche ofiihhas Eashogn X anf matguntbelgiisaba dhy pdbticles.

hol | ow gl ucan particle encapsul ated L-carvone 17
8disﬁ5?%i%ﬂs?%cga?%rgﬁﬁg 5§§§§§$dWB§ #BﬁaFﬁﬁgL-carvone

918 iptor ShEHRRRaD, byrigsubat £8913) 1la8a0inabnk- takVvoaeel
19 enul sion (L-carvone © water : surfactant ratio of

1020 Oo¥5terpsene0b) WiehsuogrsaFankAnans afdidercgdobyss
1127 THEene80- S9NLEL 0L Sn One 120 XBIGPBD GEMAR SBBYRnLRant

12 compared to the terpene only control.

13

14 These results extend our understanding of the

15 conditions to load terpenes into hollow glucan

16 particles. The flexibility to use a minimal volume
17 of water to hydrate the particles during the loading
18 process will allow loading of the terpenes under

19 conditions where the reaction mixture is a malleable
20 dough-like consistency using standard food-grade

21 swept surface dough mixers. The consistency of the
22 final high solids terpene loaded mixture is suitable
23 for direct extrusion to form noodles and pellets for

24 fluidised bed drying.

25

26 Suitable facilities to scale up production in this
27 manner would require:

28 -  Gaulin homogeniser, or equivalent to produce
29 stable terpene emulsion.

30 - Swept surface dough mixing tank.

31 -  Extruder.

32 -  Fluidised bed drier.
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Tabl e 12 Tube SAF L-carvone 0.1% 1% Vi sual g Enul si on
wawweni1B@8 Xant han Cbservations (g) (g) (g) 1 RCWGB26D5402011
O Large non- uniformclunmps 2 1 1.1 4.33 0.07 Uniform
suspension 3 1 1.1 4.26 0.14 thiform suspension 4 1
111 $rbdip@e28 oUni ERbluatusReBE @i 1Bebrbtitdadd 0. 55
Uni f OTTITSUSPENST O 6 L L. L 3.3 L. 1 Frner omrform
2suspbydirogollpid agen2 200 afidndd speirisdiom igudrded dollow
38 11 1cg 4.4 EE” sUnifan1iq pensi_on %e§ T%

resu F—Fab T Frgs i 29 2
4t hat giepelrdtlons whenofrea hpdglated.ecul ar wei ght 5
hydrocolTord durirng the dryrng of the particle 6
Sencapsul ated terpene aids in the hydration and 7

di sp [ : ' Fticles 4 i.form
Suspens Sa12R s BLBLeRRn’ LECRdacr dlqdliRacy the
7agenes face odl badéxterstialigilnatyes ocorl lichiel ltidkencrease

8 dried hollow glucan particle encapsulated terpene

9 formulations to disperse when hydrated.
10 - SAF Mannan™ particles
11 = 0.1% Tween 80
12 - L-carvone
13 - ZXanthan Gum - 1% w/v in 0.1% Tween 80

14
15 The effect of increasing xanthan gum levels on dry
16 hollow glucan particle encapsulated L-carvone
17 dispersion in water was assessed by loading L-carvone
18 into SAF Mannan by incubating 1.1 g of an L-carvone
19 emulsion (L-carvone : water : surfactant ratio of

20 0.75:0.3:0.05) with 1 g SAF Mannan and 4.4 g 0.1%
21 Tween 80 containing 0 - 1% xanthan gum as shown in
22 Table 12.

23

24

25

26

27

28

29



10 11 It may also be worthwhile to include a pellet
coating 12 to increase the stability of the | oaded

wo esopanEss and 13 to provide a sustained rel eBGEGBR005/002011
terpene. WD 2005/113128 PCT/ GB2005/ 002011 58 1
Exanpl e 11 - Evaluation of m m7muminhibitory 2

1 conGeigfatipn (M C) of terpene enulsions, fresh 3

Baker’s YP and SAF Mannan encapsul ated terpenes and 4
fr eezfdbbec‘aﬁakef—'car%mj SAFL®Anhanléncapsul aveduad
terpemes against S. aureus{6 7 T esul t s| of,, a .
pr ot ogol perﬁbmnﬁ@ﬂﬁ;ﬂﬁﬁh)ﬁ%@?$@§8ééﬂﬁ%55¥ f&ggﬁrvatlons
versusg freeze dried Rgllow gl yegn 9 pargjcle
encapsul ated tefpene Tormilations are Shown! 10 bel ow
in Tahl e 13. 1A $i nplle it er penederul sj on %as [L1 &pzge non-
tested and|the fesults are|lshown fof conpar ; 2
1 1
13 Tabhle 13 MC|pg/ m terpene Terpepe Emul s gﬁgggﬁérg umps
SAF Mannan| Hresh Frieeze Ffesh ¥z eegeo.br el Driwehform
L-caryone 3.75 (0.1 >0.04 0J01 >0.02[ Citral{0.94 0.01,
0.05 (.01 %0.03| L-carvone{ 0.23 0.p1 0.03 p.0ofugpgssion
Thy nol—Epgenat—6—12-06-063—0705, 001 P05 Cerani ot t7
) 1 S
0.03 (. 06 0. 02 1003 “L-cajvonel0. p3°0.43 p. 06 502"
0.05 |[Gitral/Eugenol 14 1% The congl usi ons|t akespEnsion
t he ahove desultls were: 16 - anpn e | gadi ng nt o
hol | o} gt udant parti di-ds 17|appebfs oledfance trperF™
MC. CGenerally the suspension
5 1 1.1 3.85 0.55 Uniform
suspension
6 1 1.1 3.3 1.1 Finer Uniform
suspension
7 1 1.1 2.2 2.2 Finer Uniform
suspension
8 1 1.1 0 4.4 .| Finer Uniform
suspension
2
3 The results in Table 12 and Figs 13 to 20 demonstrate
4 that the inclusion of a high molecular weight
5 hydrocolloid during the drying of the particle
6 encapsulated terpene aids in the hydration and
7 dispersion of the microparticles into a uniform
8 suspension. Other examples of such hydrocolloid
9 agents are maltodextrin, alginates, or the like.
10
11 It may also be worthwhile to include a pellet coating
12 to increase the stability of the loaded terpenes, and
13 to provide a sustained release of terpene.



18 fresh terpene enulsions are - 4 - 375 fold less 19

potent than the encapsul ated formul ati ons 20 -
waesopanass | oaded i n SAF MannanTM per f or m sl i ghe¢T/GB2®5/002011

better than Baker's YP. WO 2005/113128

PCT/ GB2005/ 002011 59 1 - Fredddy | oaded terpene

1C°“SS§Aﬁb9831EeLfﬂ%Hl%aEhbﬂhBEymhﬁEhﬁh i hanvhEeeye
dr vol atilisation

20f teopeembratbon 4MACY ofnperbenensmulsipgsir Exgsh

?L¥I§gﬁég5§_g§$5§8nggglﬁagggﬁoéigggéhiégga Eé?ﬁgh%glgﬁd
sencappdbabedrieapsarerak Y@ phHo5AR| Mahnanakacagaulated
S. aureus. 10 IT Anti-mcrobral assays were carried
Sout EPFEGILQSPﬁgﬁhﬁﬁpaﬁldaﬂrﬁﬁﬁnes and m xtures

produced at the 13 pilot plant scal es agai nst S.

aureus. Both the fresh 14 and freeze dried

7encapkeal akedlter péne §aupbesllbecdntmbdij cetpeiral $he
dennnstrated strong anti _16 n1crob| gg|V|t|es The

8resulfS afel¥GiaVFEEYSi free7eTIbIE 1&0 PEwILrEa M g
gTerp Q?%l@@éeeﬁﬁﬁﬁgﬁmbﬁbadté@pgﬁg Farpan Miahsa a2ed shown
20 Kg scale. A mixture of three terpenes (Geraniol,

10275 begloy; lEu@ébéle 1385 §: SAMBlehFREPSNe4ENlEHhORaYas

129 5S8R A OTReOL 01 el A TuEon Bt .

12f orm a honogenous 24 suspension. The suspensi on was

passed_through a 25 uI|n hoanenlzer to reduce
13part?épéesfl§e_59dugﬁg‘i BS8R8genat e was i ncubat ed

over M ght p@pER@M 27 [T €. ABeXdds Ol (NESAF Mannan
encapsul ated terpene| 28 Was T enoved and stored af
room|t enperature. The Fresh | Freeze | Fresh | Freeze
Dried Dried
L-carvone .75 0.1 >0.04 0.01 >0.02
Citral .94 0.01 0.05 0.01 >0.03
L-carvone/ .23 0.01 0.03 0.01 0.05
Thymol
Fugenol .12 0.03 0.05 0.01 0.05
Geraniol .47 0.03 0.06 0.02 >0.03
L-carvone/ .23 0.03 0.06 0.02 0.05
Citral/Eugenol
14
15 The conclusions taken from the above results were:
16 - Terpene loading into hollow glucan particles
17 appears to enhance terpene MIC. Generally the
18 fresh terpene emulsions are ~ 4 - 375 fold less
19 potent than the encapsulated formulations
20 - Terpenes loaded in SAF Mannan™ perform slightly

21 better than Baker’s YP.



29 remai ni ng encapsul ated terpene was then frozen in

30 trays and freeze dried. The freeze dried 31
wen@apsitbat ed t er pene powder was ground and stPCEGBaG05/002011

32 room tenperature. 33 WO 2005/113128

PCT/ GB2005/ 002011 60 1 Tabl es9l4 Material M C (ppm

Staphyl I ol
122000 B raiip EpoUa PaEg¥as SORFPEL YRS beFROLhD
2drae? 1901 gRt By Abet herpthat praatesdaledboohpohétfipash

an reeze 4 dried sanples re.equall tent_on a

3w w t er PEReT S SIBRSPS . Sgge7v% 1b%a?ﬁgx g? EQ§BSPSS Erom
4 prepar aafyncéﬁﬁyé1§1oﬁgedu§lﬁ§e§fééga @ff{/@ﬁbDVe dose

of the freeze dried 9 fornulation against S. aureus is
5200 ppwrérpené@ foraghaviitenevohs abns as8%tabpensow &)
6or f % water. 12 13 Exanple 13 - Efficacy of

encapsuf&#8H teVpel®s 14 agai nst Mycobacterium 15 16

7Terpene emul sions were prepared as follows: 17 -
Ctral 4.5 g citral |n 1 5 n1 3. 396Tmegnt80 18 ot
= S0 A

8- c aERamE 4éno| EE£Dcs J akES
9Eugepnlotnplaﬂtnﬁcsle%ggggﬂﬂ 8§. agreuduygenol - 4.5 g
10eugenol in 1.5 mM 3.3% Tween-80. 21 - Geraniol - 4.5
128, 95K Oy sy The 20 S B0s B2che ey o
12 encapsulated terpenes and mixtures produced at the
13 pilot plant scales against S. aureus. Both the fresh
14 and freeze dried encapsulated terpene samples

- 15 containing materials demonstrated strong anti-
16 microbial activities. The results are summarised in
17 Table 14 below.
18
19 Terpenes were encapsulated in SAF-Mannan™ at a 2.5
20 Kg scale. A mixture of three terpenes (Geraniol, 275

21 g; Eugenol, 385 g; and thymol, 440 gram was dissolved

22 and homogenized with 100 g Tween-80 and 8L of water.
23 SAF-Mannan™ (2.5 Kg) was added to form a homogenous
24 suspension. The suspension was passed through a

25 Gaulin homogenizer to reduce particle size and the
26 homogenate was incubated overnight at room

27 temperature. A sample of the encapsulated terpene
28 was removed and stored at room temperature. The

29 remaining encapsulated terpene was then frozen in
30 trays and freeze dried. The freeze dried

31 encapsulated terpene powder was ground and stored at
32 room temperature.

33



23 g thymol in 1.5 m 3.3% Tween-80. 24 - Contro
emulsion - 6 m 1% Tween-80. 25 WO 2005/113128
weEINsEBACOS5/ 002011 61 1 SAF-MannanTM (2.5 g) MEEGBR008602011

with 3 mM of each 2 emulsion and 7 m of 1% Tween 80

and i ncubated 3 overnight to encapsul ate the terpenes
and $g? 44 mxtures. The encapsul ated terpene
fornu |ons were 5 frozen and freeze dried and the
powder s ground Maxexidl fi ne powder| SuspeMICorppwd
enclapsul ated terpenes 7 (25 ng/m )l and unencapsul ated

terjpene emul si on§tmeh51080a§gayédr1’ems afatplact eri al
act|ivi ty j—'lﬂ?—'ll nst 9 M/r‘nhnr‘f eriym The resul-ts

out Y%PT%Ib@@fl%hellb qantsele 15 Mt eri al MCZ(’BBn)

I\/y Clobacter assavs—YGR Citral—F3250—YcP

1 C 1T CA 1 [~ AY}

L-Ca?%%%%/%b@%ﬁoT EERSho YGP Eugepol FD 5001 %9cp

Cer jant Cerani o £ Thynpt—FD 62757 T ot

Emul &t g?\t>%%t O%I% Z%mﬂfs%%n 35 L- carvonePE:genol
Emul si on 53 Eugenol Enul sion 105 | Gernani ol Enul sion
70 ~Gerani ot 7 Thynol Emul st on 53 12 FD = (Freeze
Dried) 13 14 Exanple 14 - Nematocidal Activity of

3Encabsutheedilab meapeneealie both the fresh and freeze

4 dried samples were equally potent on a w/w terpene
5 basis.
6
7 Based on the large scale preparation results, the
8 predicted effective dose of the freeze dried
9 formulation against S. aureus is 200 ppm (the
10 formulation contains ~50% terpene w/w) or 0.2 g/L
11 water.
12
13 Example 13 - Efficacy of encapsulated terpenes
14 against Mycobacterium
15
16 Terpene emulsions were prepared as follows:
17 - Citral - 4.5 g citral in 1.5 ml 3.3% Tween-80.
18 - L-carvone/eugenol - 2.25 g L-carvone and 2.25 ¢
19 Eugenol in 1.5 ml 3.3% Tween-80.
20 - Eugenol - 4.5 g eugenol in 1.5 ml 3.3% Tween-80.
21 - Geraniol - 4.5 g geraniol in 1.5 ml 3.3% Tween-80.
22 - Geraniol/thymol mixture - 2.25 g geraniol and 2.25
23 g thymol in 1.5 ml 3.3% Tween-80.
24 - Control emulsion - 6 ml 1% Tween-80.

25



17 Preparations of yeast cell walls encapsul ating
citral 18 were prepared according to the procedures
walewsiiyzegsl 19 above. The hol | ow gl ucan parti cPE@EGB2005/002011
cont ai ned 17. 5% WO 2005/113128 PCT/ GB2005/ 002011 62 1
citral, and the particles mere6present at in the test
2 pr r mat ce p This. 3
Hroane e hae Ffa panidt fuaPe Y SN B ceclt B TN
2concentilgaibanaatl ¥7hippm 1% Tﬁrebno 80l aeld tiheubasted
preparati ons was added to 0.1 to 7 0.15 m of water
3cont 8VRFR§IPE0E Ok RBCRENABSGe 1181 EETPENRE ERAWGETRENEY
ato tR?xgﬁgEEOd%ﬁeaénkgﬁsﬁanéalte%pe%% @@%ﬁﬁﬂ@ﬂﬂﬁﬁ% were
were made as previously described and 11 the Ki
5ratefassessadd(freezaedceﬁﬁag@ddéémapawtéﬂs gzozmdaw@ a

48 hrs. The re ow n_Tab

Saver 448 o?oydggts gPSPSQSFP§S vk efga?ggﬂg%fgﬂ%erpenes
7Nematpei flal/mact byt inehcepeapsukd edrpbhd eifaRd ons were

solution (17.5 %citral @1000ppm, 17 Kill Rate Tine
8Test agpAYPEl fogsantibacrerdal 563 Vitygapgingd results
9demopsLERLE Lhall10 kW gbucaRPaLl gles ol in Table 15

encapsu I'ng terpenes are effective at killing root-
1021 knot nenatodes at a particle concentration of 1000
ll22 pﬁ 1 h corresponds to a citral concentration of

23 0 nb f?% ppm 24 25 Thus hol |l ow gl ucan particles

encapsul atl ng 1 efdiexal MIC (ppm)
Mycobacterial assays

YGP Citral FD 250
YGP L-Carvone/Eugenol FD 500
YGP Eugenol FD 500
YGP Geraniol FD 125
YGP Geraniol/Thymol FD 62.5
Control Emulsion >1000
Citral Emulsion 35
L-carvone/Eugenol Emulsion 53
Eugenol Emulsion 105
Gernaniol Emulsion 70
Geraniol/Thymol Emulsion 53

12 FD = (Freeze Dried)

13

14 Example 14 - Nematocidal Activity of Encapsulated

i5 Terpenes

16

17 Preparations of yeast cell walls encapsulating citral

18 were prepared according to the procedures described

19 above. The hollow glucan particles contained 17.5%



26 appear to be as effective as terpenes in solution

or 27 with surfactant as nematicides. The nematici da
wWQoaaiiesty is retai ned despite the terpene bRCTGBYD5/002011

2005/ 113128 PCT/ GB2005/ 002011 63 1 encapsul ated

within the particle. It can beggxpected 2 that higher
1C°”°8EEEQHROaﬁdPEH%e£B§%§%1@%tWé%éﬂ&%é%é%@'d%Nﬁﬂl%HEWtest

particles, or higher concentrations of 4 the

2par t pekpsratibdsr esubt concanteadnomi gHerl OKid ood.r atléis

as is the case for terpenes in Epl tioq‘or with, 6
3sur f BEPHAt TR §OERERSPe WEE S CEIGCE YA YPPSSET e & ToP
4Encapsylatedadnen 9rNansEpeapsul ated Terpenes 10 11

The follow ng protocols were carried out to assess 12

5t he fungicidal properties of various terpene 13

conbi nat | on 0 fficac

6enca%$§l§ egfa%ggn%%ﬁgnggggﬁféggg%goﬁ%%sié@%ﬁg%% fSllgo
7Assegsnentnlob fanbitefrungalaphdper tioes -Gioti fifeategidesl? 1.0

terpene fornmulation 18 19 A mcrotitre plate assa

Bnas WEEETt Wogssesech e SHnPRIMHASThiAs tdisy control.
gconcentration (MC) of a range of 21 terpene

conmpounds agai nst di fferent pathogenic 22 organi sns.
10The @bsayvasednsowesscmadiegasi pmevd ouzd vdessdrdgd mnd

detail | at but inportant. general_ 24 features ar S
117 o1 688, 381 38R ARREE Ay Ldas S BT eI at e et
12t o digt baguiushhra? beheeedssillatsl ehioghoMdl dwnHirbiTlelar) 16

and cidal 28 (killing) activities. The first
13i ncuB&Ei 8R pEErade 9% gl F6WS Q&s&SSNES -of growt h
14l Nhi bition, but cannot

15 Table 16 - Nematicidal activity of encapsulated
16 terpene solution (17.5 % citral €@ 1000ppm)
17
Kill Rate

Time Test Control

24 h 45 17

48 h 56 21
18
19 The results demonstrate that hollow glucan particles
20 encapsulating terpenes are effective at killing root-
21 knot nematodes at a particle concentration of 1000
22 ppm, which corresponds to a citral concentration of

23 only 175 ppm.

24

25 Thus hollow glucan particles encapsulating terpenes
26 appear to be as effective as terpenes in solution or
27 with surfactant as nematicides. The nematicidal

28 activity is retained despite the terpene being



30 distinguish between nerely prevention of growth and
31 killing of the cells. The purpose' of the second 32

w0 p@shatieon period is to allow sufficient tinmePErdBYD5/002011
2005/ 113128 PCT/ GB2005/002011 64 1 nutrients for any
dormant or inhibited cells tha3 2 survive terpene

1 €XPQ O fELRLE tADYLERLES1e3 LHAL MBI Be expected
|tﬂﬂ%ﬁ%i§§{%§§unglstat$c e f%cts sh%uld 4 respond g%d

2 gr ovclohir i Imiptidre cecosmlciacidasi of perbedes Bikhénebbe
cells at re killed. by exposure 1o 6 terpenpes, will

3ot B P THET FRSREHEtREm OF TP §INRT AR SaF SaRi " OF

4 eXPefhdrBsy St WET s CRdhl 80r 8th1 HSiAJan 9etetiOhabhet Bill
different terpene fornulations (Table 10 17). These |

5 expefdpentas we? ethepeasediosi hgracsepseh sqiupion or with
stro jve terpene fornmulations (Table 18). 12

613 Ag%%%%?%%égbn of the terpenes geraniol, eugenol and

714 thyrmol in a ratio of 2:1:2 encapsul ated within

50 B g Te PRE L hS5e208a " 820082E 60 b8 8n320RLTalSa ana

9 ger afibRl En CASSRDAt 8 0redgeh8y¥ MOl conbination in the
sangTarfo was al so tested I8 for conparison with the

10encapsul ated form 19 20 M C assay using

Saccharo S cereyvisi S i sj.ae, (5
11 cal LR R B0 B B FO aghe U e 25 bt Sl adhEa Poctach
12wvel I tipd pué: oeddl nbeopkitiespbat ear2dusntébpepk

al i quots, At least one columm per Iatﬁ 25 was
13 desi Gefele BRF B50BS ceP P ohPy CEBREF B T3Rd® 51F8F¥eRE 26
14Vas gdded 0, { BeSendehbs- cALLEYRT 8tEd0BoRbDs0E184s .

different terpene fornulations were added to the 28
15first row of the remaining colums, and serial 2-fold
1629 ALYLLGNSYCLE RELIOKIRSaPYpLEBOREELE! BY 408 ebbnt
17 terpene formulation

A 89 = 5 A

18

19 A microtitre plate assay was used to assess the

20‘ minimum inhibitory concentration (MIC) of a range of
21 terpene compounds against different pathogenic

22 organisms. The assay used for each organism is

23 described in detaill later but important general

24 features are as follows.

25

26 The assay uses two incubation periods to distinguish
27 between static (growth inhibition) and cidal

28 (killing) activities. The first incubation period
29 allows assessment of growth inhibition, but cannot
30 distinguish between merely prevention of growth and

31 killing of the cells. The purpose of the second

32 incubation period is to allow sufficient time and



30 one rowto the next a total of 7 tinmes. Finally,
100 31 pL was discarded fromthe last rowin order to
wen@mane1yd 2005/ 113128 PCT/ GB2005/ 002011 65 l1rcThaB2@isi002011
wel I's contained the sanme volunme. Mcrotitre 2 plates
EE{F i ncubated statically overgai ght at 30C. 3 4
0 [ e 0
llrﬂnéyglo %%ug$%W§ﬂy(ev %ﬁ%2§£b§ﬁ§9ﬁggiéo&e1§s that
2t ur bialitiye Geoperhe i ekpbitient¢>p76d4 famster suanyyceyls

confirnmed by m co 8 .9 Once
dete?m?ﬁéﬂe¥%r %%ﬁ%li%gf%¥n%F%9+%Ea£%ﬁeg%§%$§? ?ﬁgﬁld
4Pl at£sq waﬁ& seatgiébMogdridd end sbeospenhcupdtionwasriod,
removed fromnon-turbid 12 wells. The cells were
5r Ies, udfp@r@@%i ¢l ks e hedetien kikledoby pEXPaA* hEC
pl at es r t ver night
6Asse %ﬂ%e ofﬁb¢gW#ﬁg ﬁﬁ ﬁ ?ﬁogﬂ§ﬂ£r% hg@?gorned as
7before. 16 17 M C assay using a m xed i noculum 18 19
The dlfferent t%%gene formul ati ons were ser.iall 0. .
84i | LtRHCI R t FEr OBLIRY | SFPEF LIFEFE B?ﬁ?ecﬁ§raggc¥F§ gsng
921 szVt afec'SPVBf'éﬁff&@éﬁ@nté@@eﬂgafo%ﬁﬁlhhﬁﬁnéd(deéble
to e wells, together with 5 pL m xed i nocul um 23
1oggre?ﬁred Those nexbdyigeape WeneesepeahedoHednor at FeRset
0 104. cel | ) h I c
stat?%a?? ?%}yzic %E?st%%bgggn?%§ﬁuera S?E gﬁgbggogg)
1226 gromﬁh was visually assessed by mcroscopy. 27 28

1325 pbr POHOHRAF  B2HOReENS. EBAPRIRGI SBESRAPRor AUISI0 4nd
14 thymol in a ratio of 2:1:2 encapsulated within glucan
15 particles was also tested; this sample is referred to
16 as YP-GET. A non-encapsulated geraniol, eugenol and
17 thymol combination in the same ratio was also tested
18 for comparison with the encapsulated form.

19

20 MIC assay using Saccharomyces cerevisiae

21

22 S. cerevisiae (5 X 10° cells/mL in YPD growth medium)
23 were added to each well of a 96-well microtitre plate
24 in 100 uL aliquots. At least one column per plate

25 was designated as a cell-only control and no terpene

26 was added to these wells. Aliguots (100 uL) of

27 different terpene formulations were added to the

28 first row of the remaining columns, and serial 2-fold
29 dilutions were performed by transferring 100 pL from

30 one row to the next a total of 7 times. Finally, 100

31 uL was discarded from the last row in order to ensure



31 32 WO 2005/113128 PCT/ GB2005/ 002011 66 1 MC

assay using Colletotrichumgramnicola 2 3 The
waledosatant terpene formul ati ons were seri al | y BCOGB20sa02011

in the 96-well mcrotitre plate as described 5 for S.

cerevisiae. C. gramnicola (30&5spores/well) 6 were

added-Hax tdel didiideberRenes aRd (8RcPlel@fie/ WBiErotitre

i ncubated statically for 48 hours at room 8

2 enparla tee . wSpnreng@vant ed@t ¢ ot Aodl gy oo hrmeglet &t 30°C.

visual |y assessed by mcroscopy. 10 11 Once the MC

had been deternined for each 12 formul ati on, the

M Cr Qd 1T Sy PR BEcBE €1 GeNtp1 dugedyeld a88rbhesspent

medi um was renoved fromgrowh 14 inhibited wells. The

Bpor e vidriet e ushesedth n(evbdénesd e di uha¢R00f pl)

nd the plates were re 16, i ncupated overnjght at, room
Etaenpet?%kﬁr%tmsses%?@ﬁ‘ih TP GF oM T PR 0VR§ ont sieal Ly

per f udred as-dpal rﬁcg/%% /113128 PCT/ GB2005/ 002011
67 1 Table 17 - C an urigi ci dal M C val ues obt ai ned

® frominitial screening of 31 terpene fornulations
Ter pene. Sacch ces .M xed |letotrichum
or mi™HtS o %ﬁﬁ%ﬁ%eb%?%r%%g%n&%réﬂén W1 M C
10 dal £ ¥ 1G hadn Mt L adroM G ME M Es Weker adh ©F i BOGed

500 250 NT 63 63 (G)_2 Eugenol (E) 500 500 125 NT 125
125 andrighflsyent g W NRB3v S of ran qrer afuylsyd

1250 %\%).Ll@s NFI‘HIgsceGLSls were resugpended in fresh medium

13 (100 pL) and the plates were re-incubated overnight
14 at 30°C. Assessment of growth inhibition was

15 performed as before.

16

17 MIC assay using a mixed inoculum

18

19 The different terpene formulations were serially

20 diluted in the 96-well microtitre plate as described
21 for S. cerevisiae. Molten YPD agar was then added to
22 the wells, together with 5 pL mixed inoculum

23 (prepared from mouldy grape leaves to a concentration
24 of 5 x 10* cells/mL). The plates were incubated

25 statically for 24 hours at room temperature and spore
26 growth was visually assessed by microscopy.

27

28 Due to the use of solid medium, the second incubation
29 period in fresh media could not be performed.

30

31

32



5 L-carvone 250 500 63 NT 125 125 (L) 6 GE 1000 2000

125 NT 63 250 7 GI 500 500 250 NT 125 63 8 GC 500
WORMSARH2NT 125 250 9 GL 500 500 125 NT 125 1PEr/GBRo0ED02011

500 500 125 NT 125 125 11 EC 250 1000 31 NT 125 125

12 EL 500 1000 125 NT 125 1254413 TC 500 500 16 NT 63

63 14 TL 500 1000 6 . - <8 NT
163 é%ﬂlfgﬁ%@#ig% O-Lhe K HEHAC aI';)E)‘Qlégj@asoo 94
oNT 94 94 18 GEL 500 1000 188 NT 188 188 19 GIC 500
500 47 NT 188 188 20 GITL ggo 1000 94 NT 94 94 .21 GOL
3 250 Bow duf kerat 47erpeneTEo BE L 3EEO18gWRES 97 HH L bY
4 ETL égﬂu&QQth<é@eh569ﬁe9f m26rEELPR0p 1008 2d2q8Hcd8Bed
188 “»5'TCL B00 1000 23 NT 94 375 26 GETC 500 1000
5125 Nir 250 680ev2Fi&FCL 6§000reudnégolm 138019goreg/well)

6 500 007 VI 908571151367 P G205 503011 Flob 30 BT
7 1000yd£90; A2Fo AN 8§09t 280ca Bly GEEFL48000ut 808t 78odi 625

625 GET (2:1:2 NT _NT 98 NT 78 156 ratio, wWww)
8 YP- GEanoeragureg Njropeogermination and growth were

9 visually assessed by microscopy.
10
11 Once the MIC had been determined for each
12 formulation, the microtitre plates were centrifuged
13 and the spent medium was removed from growth-
14 inhibited wells. The spores were resuspended in
15 fresh medium (100 uL) and the plates were re-
16 incubated overnight at room temperature. Assessment

17 of growth inhibition was performed as before.



(GETratio of

2:1:2, ww

YP- GET, yeast-encapsul ated CGET

W@ ooobitnHRs ons were mxed in a 1:1 (ww)

b NT,

not t
fornmul ati

est ed;
on. a

Ter pene

rati o PCMYIGB2®5/002011

otherwi se indicated. b MCs cal cul ated by terpene

content.

1 2 WO 2005/ 113128 RCA/ GB2005/ 002011 69 1

1Tabl gahBe- 1Repegtcagsay rFhaqdet gell fecM/g188d oBtained

f ungi ci dal

M C val ues Ter pene Saccharonyces m xed

2mi cr bbew toliktéedt sccheminborfluBat tenmpeaecetpginadations
isolated fromgranm nicola a (by No.) moul dy grape

| eavles bTdr€n€l dal | fcE€h&ambedl| Gitedlal MABLRAOLNE Grum]
(3) INT Ndofadi NENT NEebidfl NT|NcRysNT | NEan: L ( 6)
NT NT NE:NT 125 500 EC (1?\ 125 2 ﬂ_kﬁ NT_NT E,_TF
(13)| NT| NT 250 NT |631850 CHdaY {IFCNTCIRRL 50dRT |2589%ho
CL (|15)| NT NT 500 |NT 125 5@fz GET (|[184zcNT NT 375 Mic
188 375 —CEC A7) 1250- 500 NT—NT-MT-INF—GCE~(21)-250
500 |NT NE 395550 | Bfc (23 124 235q KT NF 94 188° ETL
(23)| NT| A 375 NT [188 750 ECL|(24) NT 750 NT NT NT

2 Eugenol (E) | 500 500 125 | NT 125 125

3 Thymol (T) 250 250 63 NT 63 500

4 Citral (C) 250 250 63 NT 125 63

5 L-carvone 250 500 63 NT 125 125

(L)

6 GE 1000 2000 125 NT 63 250

7 GT 500 500 250 | NT 125 63

8 GC 500 500 125 | NT 125 250

9 GL 500 500 125 | NT 125 125

10 | ET 500 500 125 | NT 125 ’ 125

11 | EC 250 1000 31 NT 125 125

12 | EL 500 1000 125 | NT 125 125

13 | TC 500 500 16 NT 63 63

14 | TL 500 1000 63 NT 63 63

15 | CL 500 500 <8 NT 63 63

16 | GET 500 500 23 NT 94 94

17 | GEC 250 500 94 NT 94 94

18 | GEL 500 1000 188 | NT 188 188

19 | GTC 500 500 47 NT 188 188

20 | GTL 500 1000 94 NT 94 94

21 | GCL | 250 500 94 NT 47 47

22 | ETC 125 250 188 | NT 94 94

23 | ETL 500 1000 <12 | NT 94 94

24 | ECL 500 1000 <12 | NT 188 188

25 | TCL 500 1000 23 NT 94 375

26 | GETC 500 1000 125 | NT 250 500

27 | ETCL 500 1000 63 NT 125 125

28 | GTCL 500 1000 125 | NT 250 250

29 | GECL 500 1000 <16 | NT 500 500




TCL (25) NT NT 750 NT 94 375 ETCL (27) NT NT 500 NT

63 500 GECL (29) NT NT 1000 NT NT NT YP-GET 98 195
WOZ0ORM1B:W 156 (G E T ratio of 2:1:2, ww CGI/GB20§5/002011
not tested; YP-CGET, yeast-encapsul ated GET

fornmulation. 5 NOTE: Sanples wege assayed in

dupl g ol O T TEr@at VEBi@ES [ 165 W€ oftsabned 250
bet ween| duplicate lsanplelsthelhigher val 7 been

preseht BB Mo dupl [ Pe [SHAI ed “di f 18 ed |BY °norle*Phan

one [ 8 R-fold dil ut| on. [9 aTer pene [conbinati ons were
m X ep—f-a 15 Onhwi-atiount-ess— ot ergnse ¢
i ndi cat 3%&'\7\6’32'&05/ 13128 PCT/ cﬁ%oo 002011 70 1 b 1
x 104 ceFdsPnl stock suspension. 20 C M (s cal cul at ed
by terpeasseontent|. 3 4 Mxed inocul um |5 6 Us|i

-

m xeg—i-poed-ym-presents eHYB € pr-ebhens-:
var i gbi F?fEl n spore cont enjt bet9v%een preparatigns
resul ts| &:E&or interassay reproduc| bilitly, and 9
growt h pf,cenbam nating prgani gns ijmpedes the scoring
10 of s:)ore ge nation.| Uni cell{l ul ar yeast specjies are
11 pprt “Br obl emati ¢ i n|maskji ng sgore grljowt h.
12 A tha’ﬁlgh preC| sie data| coul d [not [be obtjai ned |f rom

t hi s 3 Fe St a1 RGBT LI ¥ - Ef d et i Meal GFPENES WAS
observed. 14 15 Identification o spores was easier
duri nﬁo@%?‘?%’ﬁ of 16 the repeat assay than during the
i ni tialrespereenpmiginations were mixed in a 1:1 (w/w) ratio

unless otherwise indicated.

b MICs calculated by terpene content.



17 assay as a |larger nunber of spores were used 18

(approxi mately 50/ wel|l versus approximtely 10/ well).
wa0F5hesies ore, data obtai ned during the repeatP@F&89005/002011

may 20 provide a nore reliable estimate of MC 21

22 Col |l etotrichum gram ni cola g3 24 The generally

!—A

1hi ghﬁébg/EQMa' Uﬁé QQ‘taFEEny EB”H%'E%r%%néePﬁ@t adgsay
conpared to the Ritia scfeeni ng assay 26 may be due
2t 0: 2¥nglisédef Mm/eeb-luled terpene solutions 28 use of
freshly prepared spores, which had a 29 higher
vi abfi tdxipyné han tdaesmanemeced N | HbxesOmiouobeal | Sell@entrighum
assay, f%;ag othehelbong.be  31; g fhhcy| brdfinkidda
32 WO 5 13128 PCT/ GB2005/ p02011 71 1 Cpnpari son
of tler fEhd°fbrmul ations as freB°EMW $FHTs 2 with the
sane| t erpene fdrnul ati ons whenlemeapsul ated| 3 in
hol | ow gl ucan parfietesiseacchengpyc °c"a§ evi sy A cidal
M C jassays 5 6 YBB grov&1 medi um (10 ;DL% has added -
to each well off 7 a 96-W&Fl picrotifrdplate and Mic
al i quptgyof di fji@r ent mterpwg Torrrmatl ONST Wer € | NT
added—to the first row 9 giwi tal—vetyre—ef200
oL ipt%s row|¥ne 10"col umwﬁ%%s delgl gnat B0 as a| ™"
cel | teml(g) contrlgiT and |[M¢ 11 {8Fpene| Was addésb to | 500
t heseg fl ——Serimt 2=t T2 gk Ut T pRE WeT egpeT f o ed
by transferring 100 pll fram 13 one fowto the next a
t ot a) Tof1P) ti meFT Fi nal¥y, 1002°94 plYhas di &¢ar ded 2°°
fromthgikast rQw I'n drdker to enesure Nd5 t hatsal | 500
wel | seonta-ne AE—votth tocereyisiac (55}
105 ceIfIleﬁL WPD qroh\‘frvth ne Fﬁ?ﬁ N
GET (16) NT 375 NT 188 375
GEC (17) 250 500 NT NT NT NT
GCL (21) 250 500 NT NT 375 750
ETC (22) 125 250 NT NT 94 188
ETL (23) NT NT 375 NT 188 750
ECL (24) NT NT 750 NT NT NT
TCL (25) NT NT 750 NT 94 375
ETCL (27) NT NT 500 NT 63 500
GECL (29) NT NT 1000 NT NT NT
YP-GET 98 195 NT NT 39 156
(G:E:T
ratio of
2:1:2, w/w)

O W 0o 1 oy Ul o ix W

NT, not tested; YP-GET, yeast-encapsulated GET formulation.

NOTE: Samples were assayed in duplicate.
were obtained between duplicate samples,

been presented.

2-fold dilution.

If different values
the higher wvalue has

No duplicate samples differed by more than one

aperpene combinations were mixed in a 1:1 (w/w) ratio unless

otherwise indicated.




17 were then added to each well in 100 pL aliquots,
and 18 the absorbance at 620 nm (A620) was neasured
wo orosasbs 19 well using a microtitre plate rerdEGB2005/002011
Mcrotitre 20 plates were incubated statically
overni ght at 30C. 21 22 Foll omng incubation, the
A620, Was X n es were scored for
l| nhi b| ti og%gg?ggr%%&w ﬁzgj%g Sé%fgggnovw h i nhi bition
2was Vi sualf§F cohtilered Byt %‘%’eﬁ?c‘i"é‘%rb’by 26 For the
3free terpene emul sions, once the MC had been 27
determ ned for each forrrul ation, the mcrotitre 28
4pl at Méx@dr &neEHLPMf uged and the spent medi um was 29
renoved fromthe growm h-inhibited wells. The cells 30
were resuspended in fresh nedium (100 L) and the 31
épl at /eslwgra méxiedc dhateduov ereisght-sat 30@bewDof problems.
2005 113128 PCT/ (GB20Q5/ 002011 7 snment__of
o1 ouiSi RAFBFELOR EXad TpSPPGFNEa SERt DEGPERE. PY Eoqrpidons
8and f-uagh eisdal, %ﬁb@rr %t&letfas%g @gﬁﬁh&q%ﬂmtﬁ Taldl e
. 6 WD 2005/113128 PCT/ GB2005/ 002011 73 Resul ts
92 Tablrewrg oflvncgnmmfn@ﬁgm oxgaRLemgaLoesdsst dhvecoying
from creenin 31.terpen r Lo alg
10sacchar SRYESs éffﬂé\rllﬁgllge Te?&éﬁgﬁggé gl%g%%su?)at egéé are
11Fr eepta@rc@ena aeyl prohd erb@ikukiat meus ki eigmsipatrieo s oot@ .a

Reference MC Cdal MC M C Ci dal C
( Although precise data could not be o%%gined from this

13 assay, an inhibitory effect of terpenes was observed.
14

15 Identification of spores was easier during scoring of
16 the repeat assay than during the initial screening
17 assay as a larger number of spores were used

18 (approximately 50/well versus approximately 10/well).
19 Therefore, data obtained during the repeat assay may
20 provide a more reliable estimate of MIC.

21

22 Colletotrichum graminicola

23

24 The generally higher MIC values obtained from the

25 repeat assay compared to the initial screening assay
26 may be due to:

27 e use of l-week-o0ld terpene solutions

28 e use of freshly prepared spores, which had a

29 higher viability than those used in the

30 initial screening assay and may therefore be
31 more difficult to kill.

32



G (1) 111 NT 250 250 E (2) 131 NT 125 250 T (3) 115

NT 125 250 C (4) 118 NT 125 250 L (5) 254 NT 250 500
W@EE066)31248 NT 250 500 GT (7) 108 NT 125 250 PCATGE)05/002011

113 NT 125 250 GL (9) 117 NT 250 500 ET (10) 131 NT

125 250 EC (11) 126 NT 125 25§ EL (12) 129 NT 125

250 9

1 20) CoITeKE o3 oF, £ gERe Tormdeioheybe) rkE ertarsions

2119  NItb2§hes@amertefrpenel ZoriA 12 ohzs wheTCentapsilited

NT 125 125 GTL.(20) 119 NT 125 125 GOl (21) 234 NI,
3125 H‘*s}l §+8W(E}¥cf%4pﬁftf5%ef25 %Sﬁ?iﬁﬁﬁyqéf3ﬁﬁf?ﬁﬁflae
1125 E6L ak24)s63 NT 63 125 TCL (25) 61 NT 125 500

GETC (26) 61 NT 63 250 ETCL (27) 120 NT 63 125 GICL
5(28) 124 NT 125 125 WD 2005/ 113128 PCT/ GB2005/ 002011

SGECTE PaBF OIS R 1ZE 2350 QY (1554 Ppliety 0 batit et of

7 a 96-well microtitre plate and aliquots of different
8 terpene formulations were added to the first row,

9 giving a total volume of 200 pL in this row. One
10 column was designated as a cell-only control and no
11 terpene was added to these wells. Serial 2-fold

12 dilutions were performed by transferring 100 pL from
13 one row to the next a total of 7 times. Finally, 100
14 pL was discarded from the last row in order to ensure
15 that all wells contained the same volume. S.

16 cerevisiae (5 X 10° cells/mL in YPD growth medium)

17 were then added to each well in 100 pL aliquots, and

18 the absorbance at 620 nm (RAgy) was measured for each
19 well using a microtitre plate reader. Microtitre

20 plates were incubated statically overnight at 30°C.
21

22 ° Following incubation, the Agp was measured again and
23 plates were scored for inhibition of growth (275%).
24 Growth inhibition was visually confirmed by

25 microscopy.

26 For the free terpene emulsions, once the MIC had been
27 determined for each formulation, the microtitre

28 plates were centrifuged and the spent medium was

29 removed from the growth-inhibited wells. The cells
30 were resuspended in fresh medium (100 pL) and the

31 plates were re-incubated overnight at 30°C.



ratio, 125 d NT 125 250 www) YP-GET (GET ratio
of 2:1:2, 125 NT 125 250 , ww) YP-ETC (E T:C

WO 2005013126 NT 125 250 of 1:1:1, ww . NI, PGI/GB2005/002011

tested; YP-CET, yeast-encapsul ated GET fornmul ati on;
YP- ETC, yeast-encapsul ated ET&,formnul ati on. aTer pene
conbinati.on re mxed.in a.l.l. rati

ot neP e S Rl c ated ChvRadr Ashat 0t tae Bt At B,
2unl epsfoetrberwi se indicated. M C cal cul ated by terpene
content. dNon-encapsul ated enul sion fornul ation. 2 For
3both the terpene enul sions and yeast-encapsul ated 3
4t €T PERES a Ml ESNWEES GhYPER! e suTEED aRRMsutindalt 1R ARST
4 active PornuPatlons inhibiting growth at -60 ppm 5
5M C Tables18bt ai ned for the terpene enul sions were 6
6sim'lar to those obtained for their respective yeast-
7 encapsul ated fornul ati ons. Wen different val ues 8
wer e obtained, they only differed by approximtely 9
one 2-fold dilution. 10 11 Many of the free terpene
emul sions were fungicidal at 12 the growh inhibitory
MC, with the majority showing 13 fungicidal activity
at a 2-fold higher concentration. 14 WO 2005/113128
PCT/ GB2005/ 002011 75



1 These results denonstrate that terpenes encapsul ated

2 in glucan particles are at |east as effective at 3
whRdosiingg2$ ungus as non-encapsul ated forns. 4 PCT/GB2005/002011

Addi tionally the encapsul ated conpositions used may 5

have had reduced potency due tp3having been stored 6

for 43 g§¥§ at 4C and having a sub-optinmal terpene 7

conten? 4% W w. 8 9 The assay to determ ne

fung C cti nt ri at i :

step? %Elcﬁgattgh o se éFé M&% %%1%%%r%%&§ﬂned

3cel | srbmoptaBynt agi @lﬁatalt eeppLe ol mo&malbzi@m@m@@ainst
medi um by producing a pellet of cells at the 13

4bot t SRCENALREYRES| CETHIVES3é et is then resuspended

14 in fresh nedia and incubated for

the | A¥FPahRence [of t¥R3FENRPCPEAFER, (he Free terpene emulsions
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expe é II&I)IL s—describedg25apove lell ttre—fotipgv g 250
reaspns. 26 27 [ ln previous experinentls_terpene
enul 5% oi¥8 have 28 beéAtused|inst 83d of |t er pne-1 oaded >°°
yeas Gmamslcles 29 and fungicidat actijvity2bas been 500
cl eaHy—shownr—30—FERcapsulated—terpengs—aresreteased
i o8 g L 250
by d ?%J ? 31 and an equilibrium between the
concesht éﬁlon of| 328Acapsyl at ediTt er pgnes add t he 250
concegggT@yiom of WO 2995/ TIBI28 ReT/ GBZ005/ @9Z01T | 76 500
ET (10) 131 NT 125 250
EC (11) 126 NT 125 250
EL (12) 129 NT 125 250
TC (13) 59 NT 63 63
TL (14) 124 NT 63 125
CL (15) 124 NT 125 125
GET (16) 119 NT 63 125
GEC (17) 119 NT 125 250
GEL (18) 121 NT 125 125
GTC (19) 115 NT 125 125
GTL (20) 119 NT 125 125
GCL (21) 234 NT 125 125
ETC (22) 124 NT 125 125
ETL (23) 123 NT 125 125
ECL (24) 63 NT 63 125
TCL (25) 61 NT 125 500
GETC (26) 61 NT 63 250
ETCL (27) 120 NT 63 125
GTCL (28) 124 NT 125 125

a second tinme in
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qui ckly reached. Thus,

follow ng centrifugation 3 and
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PCT/ GB200o¢028Abpsidated ETC formulation.

®Terpene combinations were mixed in a 1:1 (w/w) ratio unless

otherwise indicated.

Al phad¥Gafitfa teﬁF%r gﬂ% Y35 0052Ps8hergd GET formulation; YP-

PYeast-encapsulated formulations unless otherwise indicated.

°MIC calculated by terpene content.

“Non-encapsulated emulsion formulation.

For both the terpene emulsions and yeast-encapsulated

terpenes, MICs were typically £125 ppm, with the most

active formulations inhibiting growth at ~60 ppm.

MIC values obtained for the terpene emulsions were

similar to those obtained for their respective yeast-

encapsulated formulations.

When different values

were obtained, they only differed by approximately

one 2-fold dilution.

Many of the free terpene emulsions were fungicidal at

the growth inhibitory MIC, with the majority showing

fungicidal activity at a 2-fold higher concentration.




1 1% Tween-80 (supplied by Al pha-Ganma Corporation) 2
Yeast Cell Wall Particles 3 Xanthan gum 4 5 The
wQeasiixes | wall particles were obtained fromPGI/GB2005/002011
Biorigin (Sao Paolo, Brazil) under the trade nane 7
Nutricell MOS 55, and were manwgactured by Acucareira

T e

210 cean g‘\llaﬂclaneptaﬁ:a:(itcl@‘s SreC arteiesisae aasndefafm:tavfereae:

11 fl owing powder of eige tot coI our-. 12 13
3Pr ot 5&&1&%%@11(3@11150@,% %Er@t"@@%i e:é{]l e for a1
414 Kgaefi tﬁ%h%'lque%heblétiq @@uilam@dy c%lﬁféﬁjt%.%ﬂéo Je¥a Jﬁﬁay

| arger producti on repare terpene mxture -
5375 @aamh@ﬂ rEﬁU@@damomeneysﬁ@egmamg@@een mred

gara 18 _Thy d stl | | ass fl 1
Pr ep Pg él5 %f? g%%énge %ag nﬁ1 %I aa %6§p%§§al %er%ene
7Tweer od® enft 6.f2~l46wai/a;r, in 2 gal | on 21 white bucket

Mx to formsolution. 22 3. Add 6.2 granms Xant han Gum
% o0 Tween solution 23 and stir to dissolve. 24 4.

oPrepaig te g%%ﬂ%l LS RY iR 3h10 K 1A% BrRRRes 2

m xture + % Tween 80/0. 1% 26 Xanthan gumin
Lowhi t eelnutmétugla&lmgl ;sztley_x r efinic2y ambealptSZEtCB s efgx-al e 0the

grans .of yeast ¢ particle m X _usi.n
hai ni™t ﬁr?él ce}llﬁ &al%ﬂp‘ysg?& SI SHPSRG 1P the
122005@;%13%%218 m%@ﬂ:@%@go@rm]ihg BB pkll.etAdd e teraiente

enmul sion of step 4 to the 2 yeast cell wall particles
13whi | ®oftrn @t dheoiiall - This pellet is then resuspended

14 in fresh media and incubated for a second time in the
15 absence of terpene. However, the centrifugation step
16 cannot discriminate between microbial cells and yeast
17 particles, therefore when yeast-encapsulated terpenes
18 are used, the cell pellet will also contain terpene-

19 loaded yeast particles. As a result, both the yeast

20 particles and the microbial cells are then

21 resuspended in the fresh medium.

22

23 This methodology issue is not considered to affect

24 the results obtained in the experiments described

25 above for the following reasons.

26

27 e In previous experiments, terpene emulsions have

28 been used instead of terpene-loaded yeast particles
29 and fungicidal activity has been clearly shown.

30 e Encapsulated terpenes are released by diffusion,

31 and an equilibrium between the concentration of

32 encapsulated terpenes and the concentration of



3 a thin mayonnai se-|i ke consistency. 4 7. Pour
terpene m xture into cans and incubate 5 overnight. 6
w(@2Reaw1es: Encapsul ated geranoil, eugenol andPCThGBRI05/002011
in 8 hollow glucan particles was obtai ned as a paste.
The 9 paste was easily convertged to a dry powder by
170 COREUI DA SUMNCLILY Nthd SN GRS nd e pAR 8.4 S
11 the I qui d" conposition referred to in the
2f ol | owiuigrk 142 yventiombl s, Thara, tHel ' powtercentsr i flieoaipr ey
dried form 13 14 Exanple 17 - Field tri.als_ of :
3 Enc ap Sl tF FRRBEHET 18 Gorisud TG Bn Bonego T TRt ion
416 154 narapes) dowphdrildemd Syramsedndyidmel & ungusly
18 Pl asnmopara viticola, which infects vineyards 19
5wor | dviid e ldarbalars ettty st @t i TR | BRS &L W 20

gr ape-.grower.s in teras crop yield and wi ne 21
6qual [ tlg{hjlﬁiets?fﬁgaucg{lawﬁtgzks the fruits and all green
722 parts Hfe thes id&r SRusivieerd hend eayeset s Wi hetie and
23 the flowers and berries to rot. The di sease 24
8mani f edtngiasi dalk e arelpalveesR PRt JRIP otrH@etFans
spots Q e e[ sur, f Vv, i th: de 26
whi te-%]{be‘égh c%%)#)lonJ [ k@@ﬁr%a#%?oﬁ%o \(,:%%/jglrclﬁln ?‘Aﬁ%h 27
1ounder shateiwaf, tdief feafor esf cnsy Besidesl negrdse be 28

11covered wth the domny r omt and,%ﬁegﬁndiqg on, t he
29 ti NG i, R o R IHFE Biehay
12not  3Q.sofiten Aty aldea DoV, dhd deyy & snSPs e6h t TR IGNs

the 31 dispersal of spores by the wind and rain, and
1332 r equia doweto camiie i orevilorinnflection. |Theslagk of
2005/ 113128 RCT[ GB2005/ 002011 |
1451 obl pereie R S B AL t%]?h%%aéﬁ%#%ﬁ%%_mc well
15Pr eveniait wehemasdireSoardud econehdesl f fungicidal

16 activity. In contrast, when an MIC was obtained
17 that was lower than the fungicidal MIC and the

18 contents of the MIC well were plated onto solid

19 agar growth medium, growth was observed, indicating
20 a fungistatic effect.

21

22 Example 16 - Preparation of Encapsulated Terpene

23 Compositions for Field Trials

24

25 The purpose of the following protocol was to

26 encapsulate a terpene composition into hollow glucan
27 particles for subsequent field trials.

28

29 Materials:

30 Thymol (supplied by Alpha-Gamma Corporation)
31 FEugenol (supplied by Alpha-Gamma Corporation)
32 Geraniol (supplied by Alpha-Gamma Corporation)



3 managenent of the disease, with early applications

of 4 fungicides followed by repeat applications at 5
wappsopFieat e i nterval s. Resi stance has ari sen POI/€82@5/002011

6 treatnents, and although the devel opnent of 7

resi stance can be m nimsed byyyotating the use of 8
1d'ff§%e@%?éﬂﬂgbc'gﬁ§ 15 kgl YPRRASHE - @5%Rbe@br%or%Q1£E§

purpose of this riRl was Lo I nvestigate the
2effiEaaytoﬂeﬁheWehdaEsutatédsterpenefornulatlon of 12
3 6 (YGP-GET) supplied as a liquid or powder

13 ( EP éaarggﬁ) fornul ation, for the prevention of 14
adowny mil dew in grapes 15 16 Four adjacent bl ocks,

each covering 0.1 ha, were 17 identified on site 20

5in t ﬁbeKVﬁaW:aﬁﬁfL1vWﬁé§l¢aP§rtl§ée§9WRFf|e- vlozaaineds fxons

ha % at [ 0

bordgggﬁggsna ﬁ?gegg f%?gg§l§ i dégngkt EI%?eaﬁgme
7mestNuaﬁdCGWErMosk§50rahdrderenmamuﬁeyamdedt@ytm@ucaZeira

sout h and east . f our hl ocks had

24 Al een
8t r eallB@t @n?hAqu?FBPeQuégaprQHégﬁs “prPgr Fpgio — Brazil -

9app|29?tteae0ﬁ9bb@ bebpenengbpherauhaki ale @ sfadlidied
wo of the four blocks 27 were sp;@ged with the
lOterpeﬁélpwa@éreﬁ@r#&taﬂﬁoﬁ aceyevigidesengs agiet ke rges
g/L sche lustrati i gure
21) giPWﬁ dpéwggﬁ 8% E%éh%rea€gg %ﬁtﬁ%%o%§éﬁﬁfgna
12Bordeaux m x plus wettable 31 sul phur, and the

remai ni ng block was |eft untreated. WO 2005/,113128
13pCT/ BEOBOSPAG2BTE L861PwiRE PFRGSCOR &aéhSHﬂ6@§5ﬁeF8r al
4?&”: fg\%r ﬁg {V)\gﬁeftiibggé ohut2cdawaY mph hdew aven ddhep for

15 larger production.

16 1. Prepare terpene mixture - mix 375 grams of
17 Geraniol + 525 grams Eugenol + 600 grams of
18 Thymol and stir in a glass flask.

19 2. Prepare 6.2 L of 1% Tween 80 by mixing 62
20 grams Tween 80 in 6.2 L water in 2 gallon
21 white bucket. Mix to form solution.

22 3. Add 6.2 grams Xanthan Gum to Tween solution
23 and stir to dissolve.

24 4. Prepare terpene emulsion by mixing 1.5 Kg
25 terpene mixture + 6.2L 1% Tween 80/0.1%

26 Xanthan gum in white bucket using polytron
27 mixer.

28 5. Add 1,000 grams of yeast cell wall particles -
29 mix using paint mixer to form uniform

30 suspension.



4 Four further adjacent blocks, each covering 0.1 ha,

5 were identified on site 18 in the Kir-Yianni 6
woremsgarids Al four bl ocks had been treated w PET/GB2005/002011

mul tiple products prior to application of the terpene

8 fornmulation. On 26 June 2004;gtwo of the four bl ocks

12 10 asse’ L e e R o B e e
21 g 11 of ydwst ei@leheudlmpajrtfmmé atlh ohe hasxiny otangorm

of 1 12 nl G the renmj ni two bl ocks, one was
3left 13 unta?é'&ijéﬂ AP SRS SPT &S W tFE M kal (1), a

414 conventignal LAt £1alrdowiyo nddsleWan@ni 28udape
15 2004. The vines 1n each block were nonitored for
516 signs ofovwriol | dew over the fol |l owi ng week. 17
618 For both sites, the terpene product was applied at
a 19 rate of 1200 L/ha. 20 21 The followi ng growth
7st agrésalitkhergerapenlveeed gféz?ahed(’hr dediged1- aldd thymol in
break, 26 March 2004 24 - oom 1 June 2004 25 -
8ver al8bhOWEIALGAEt PREHACLEE ??STﬁ@téﬂH@Q &6pPi B36it6ns T
t ook e e 9+Fh
O cas B e B e aE Al Ty At e and ag Hal ey
10t hr oughoantlanaéaserpyeégwegf techadwmes .31 Tid dewtwas s

extrepel Jootrytis level 32 el.
1 owdbhe. W BEEr COEaPE S bR PRrES 68 J000r e SE0g oWing
12PCT/ 8@@56@@20&3161 8hel “Bothict-he ipowtier sprdy idguied form.
YGP-GET formul ati ons were 2 stored at room

13t enperature. No special storage 3 conditions were
14usedExample 17 - Field trials of Encapsulated Terpene

15 Composition on Downy Mildew

16

17 In grapes, downy mildew is caused by the fungus

18 Plasmopara viticola, which infects vineyards

19 worldwide and can cause devastating losses for

20 grape-growers in terms of crop yield and wine

21 gquality. The fungus attacks the fruits and all green
22 parts of the vine, causing the leaves to wither and
23 the flowers and berries to rot. The disease

24 manifests as irregular pale yellow or yellow-green

25 spots on the upper surface of leaves, with dense,

26 white-grey, cotton-like fungal growth covering the

27 underside of the leaf lesions. Berries may also be
28 covered with the downy growth and, depending on the
29 time of infection, may turn brown and soft or may not
30 soften at all. Downy mildew is spread through the

31 dispersal of spores by the wind and rain, and

32 requires wet conditions for infectiom. It is



4 5 Details of Conparator Products 6 7 Powder

formulation trial: Bordeaux m x, manufactured 8 by
woRwsas13pa, Italy, packed in Greece by MdschoPCDEB2®5/002011

Chem cals SA;, wettable sul phur. 10 11 Liquid

fornmulation trial: Mkal(r) (fpsetyl-al 50% 12
1f ol pgL 2921 2 PR U£§8£§éﬁgt§¥ §QY%Fv§&%B§%h%%C%uthl%lgh
di stributed In eece Bayer las SA. 14 T

2conphumudntprodBcegemEaelappmeaduaesfakbowecomm@m©a§ for
appllcatlon bef o ud-break at a of 1 /L

3 o | BABAIR)oR b0 hoF B2aPBF FRSEy o er oy dar SRPLif7 qons of
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was used for all three applications. 19 20 Powder
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otwo oily spots per leaf. Treatnents that 30 prevented

the appearance of further spots were 31 considered to
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13 (spray dried) formulation, for the prevention of

14 downy mildew in grapes.

15

16 Four adjacent blocks, each covering 0.1 ha, were

17 identified on site 20 in the Kir-Yianni wvineyard.

18

19 Kir-Yianni is a 35 ha vineyard at an elevation of 300
20 m. It is bordered by a mixed oak forest on the north
21 and west, and overlooks orchards and vineyards to the
22 south and east.

23

24 All four blocks had been treated with multiple

25 products prior to application of the terpene

26 formulation. On 26 June 2004, two of the four blocks
27 were sprayed with the terpene powder formulation at a
28 dose of either 0.5 g/L or 2 g/L (see schematic

29 illustration in Figure 21). A third block was

30 treated with conventional Bordeaux mix plus wettable

31 sulphur, and the remaining block was left untreated.
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concentration did 7 not provide protection, and the 2
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15 2004. The vines in each block were monitored for
16 signs of downy mildew over the following week.

17

18 For both sites, the terpene product was applied at a
19 rate of 1200 L/ha.

20

21 The following growth stages of the grapes were

22 recorded:

23 - bud break, 26 March 2004

24 - bloom, 1 June 2004

25 - veraison, 6 August 2004

26

27 The study applications took place pre-veraison.

28

29 The 2004 growing season was exceptionally late and
30 was wet throughout. Disease pressure from downy
31 mildew was extremely high, botrytis levels were

32 elevated, and powdery mildew pressure was moderate.
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14 The comparator products were applied as follows:

15 One application before bud-break at a dosage of

16 15 g/L followed by two more applications per year at
17 a dosage of 6.5 g/L.. A spraying rate of 1000 L/ha
18 was used for all three applications.

19

20 Powder formulation trial: Bordeaux mix (2 g/L) and

21 wettable sulphur (2.2 g/L) were applied on 26 June
22 2004.

23

24 Ligquid formulation trial: Mikal (3.2 g/L) was

25 applied on 28 June 2004.

26

27 Vines were visually examined for symptoms of downy
28 mildew. Onset of the disease was marked by an

29 average of two olily spots per leaf. Treatments that
30 prevented the appearance of further spots were

31 considered to provide effective protection against

32 downy mildew.
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16 affected the efficacy of the product.

17

18 YGP-GET liquid formulation

19 When administered at a dose of 4 g/L, the terpene

20 product provided excellent protection against downy
21 mildew on exposed canopy. No protection was provided

22 by the 1 g/L dosage. Serious symptoms of downy

23 mildew were observed in the control block.

24

25 The liquid formulation was easy to use and had a

26 pleasant odour.

27

28 Discussion

29 Downy mildew can cause devastating losses for

30 grape-growers because of its effects on crop yield
31 and wine gquality. Management of the disease focuses

32 on prevention because, once established, the



5 were identified on site 20 in the Kir-Yianni 6
vineyard. On 20 July 2004, one of the three blocks 7
wowsapriag/ed with the YGP-GET |iquid fornul at i BOT/&GB2@5/002011
8 dose of 2 nL/L and the two renai ning bl ocks were
left 9 untreated (see Fig. 2233 The vines in each
bl oc [ i : IS ofy +p er, j |
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19 20 The followi ng growth stages of the grapes were
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10ConpanatiequBteducts 2 No conparator product was used
11at site 20. The 3 conparator treatnent used at site
18 is detailed 4 bel ow.

12 At the site sprayed with the liquid formulation,
i3 excellent protection of exposed canopy was provided

14 by the higher dose level of 4 g/L. Excessive

15 vegetative growth at this site resulted in more

16 effective treatment of the outer, younger branches
17 compared with the older growth in the inner canopy.
18 Complete foliar coverage by the terpene product is
19 useful, as the treatment is not systemic. It is

20 estimated that an approximately 30% increase over the
21 volume used for conventional systemic treatments

22 would achieve good coverage using the terpene

23 treatment.

24

25 Conclusions:

26 Foliar application of YGP-GET liquid formulation was
27 highly effective at controlling downy mildew at a

28 concentration of 4 g/L. The lower concentrations of
29 0.5 g/L powder and 1 g/L liquid were not effective.
30

31



5 6 Punch(r) (flusilazole 40%, DuPont. 7 On 19 July
2004, Punch was applied at a dose of 0.075 8 nml/L as

w@2@savaes at i ve treatment for powdery m | dew 9PCT/GB2005/002011
according to the manufacturer's instructions. 10 11
Details of Additional Products4l2 No additiona
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growth that enlarge into a powdery, white coating on
11 the leaves. The fungal growth can also occur on the
12 berries, which may split. In contrast to downy
13 mildew, which requires warm wet conditions, powdery
14 mildew can be a problem in drier growing seasons, as
15 it favours shaded areas with humid but not rainy
16 weather conditions. Preventative measures are
17 recommended for management of powdery mildew, with
18 early applications of fungicides followed by repeat
19 applications at appropriate intervals.
20
21 This study aimed to investigate the efficacy of
22 application of the YGP-GET composition for the
23 prevention of powdery mildew in grapes.
24
25 Three adjacent blocks, each covering 0.1 ha, were
26 identified on site 18 in the Kir-Yianni vineyard. On
27 19 July 2004, one of the three blocks was sprayed
28 with the YGP-GET liquid formulation at a dose of
29 2 ml/L and one was left untreated. The remaining
30 block was sprayed with the conventional treatment of
31 Equesion (2.5 g/L), Alliete (0.9 g/L) and Punch
32 (0.075 mL/L) (see Fig.22). The vines in each block
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11 ncohL 4STYBY HEREver, due to the |ack of powdery 32
1omldew infection. This lack of infection is likely WO
2005/ 113128 PCT/ GB2005/ 002011 88 1 to be due to the
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15 of terpene product.

16

17 All terpene treatments were applied at a rate of 1200
18 L/ha to ensure complete coverage.

19

20 The following growth stages of the grapes were

21 recorded

22 - bud break, 26 March 2004

23 - bloom, 1 June 2004

24 - veraison, 6 August 2004

25

26 The study applications took place pre-veraison.

217

28 The 2004 growing season was exceptionally late and
29 was wet throughout. Disease pressure from downy
30 mildew was extremely high, botrytis levels were

31 elevated, and powdery mildew pressure was moderate.

32
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wappbiter2at these sites nay have been benefi ci BET/GB2008/002011
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mldewin 20 Ginmson Seedless table grapes. 21 22 A
0.1 ha plot on the Tsigaras vi neyard (approximately

23 8 80 | an eyard) was 24
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928 t%%c%%&%@t % R s raRi-ayed W tilis3 iddls ddsqui d
29 YGP-CGET formulation at a rate of 1200 1/ha, and the

1030 rest of the vineyard was sprayed with the

11COMPRL; %tor %st%d%s_lé%_t V\Eeg%% vi nes were assessed

for Sy ry m Wafter 24 hours. WO

12200511\11;1&11251& tRGHaCEB@ﬁQ)'EAﬁQ%OMEreBQLsJad\/ atesiwer eat.r aimmes
in a high lyre trellis system 2 3 Details of
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14169 ,qRpuf actured

15

16 Equesion system (famoxadone 22.5% plus cymoxanil 30%)
17 Alliete (fosetyl-al 80%)

18

19 On 19 July 2004, Equesion (2.5 g/L) and Alliete (0.9

20 g/L) were applied as preventative treatments for

21 downy mildew. The dose was determined according to
22 the manufacturer’s instructions.

23

24 The comparator and additional products represent

25 conventional treatments in the integrated pest

26 management schedule.

27

28 Vines were visually examined for symptoms of powdery
29 mildew.

30

31

32



5 by BASF (BASF Agro Hellas S. A, Athens, Geece) 6 On
12 July 2004, Rogana was applied to the Tsigaras 7
woRsgards as a treatment for powdery ml dew TPET/dB2@S5/002011

8 was determ ned according to the manufacturer's 9
instructions. 10 11 Vines werg7visually exam ned for
1synpkagniek.powdery 12 mldew. 13 14 Results 15

Severe synptons of powdery nil dew were evident prior

216 t 8i&pplBcati on of YCP GET. Only 24 hours after YCP-

bl.oom. of th
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20 this tinme, no further treatnments were applied. YGP-
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hour after, applicati t he evi ous| eve
pomdgp9tnﬁgﬁg&gtﬁfQEngﬁt ﬁgﬁt &en2§r8 %ﬁgllcatlon
gof the terpene product, MAth 30 conparable efficacy to
t he cqnventional treatment. 31 WO 2005/113128
10pCT/ 8820080002011 90 1 The prelininary data obtai ned
fro hi g
1leffn§§0|%ﬁ?gﬁggtggagg%hegé b aélls e§%} qgﬁlgas observed
12i nf edhi any bi aﬁélbﬂonkso showi ng 4 preventative
13ability. 5

14 Additional observations

15 At the end of the growing season, the blocks at sites
16 18 and 20 generally showed less stress due to disease
17 than the rest of the vineyafd.

18

19 Powdery mildew infections cause considerable losses
20 to growers through reductions in vine growth, fruit
21 quality and winter hardiness of wvines. Furthermore,
22 wine quality can be affected by an infection level of
23 as little as 3% of berries. Management of the

24 disease focuses on prevention because, once

25 established, the infection can quickly spread. In

26 this study, the application of terpene product YGP-
27 GET at site 18 effectively prevented powdery mildew
28 infection, and the leﬁel of control exhibited by the
29 terpene product was comparable to that provided by

30 the conventional treatment. The results from site 20
31 are inconclusive, however, due to the lack of powdery

32 mildew infection. This lack of infection is likely
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Details of the conposition of the YGP-GET used in

15 Example 18 - Further Field Trials of Encapsulated

16 Terpene Composition on Powdery Mildew

17

18 The study aimed to further investigate the efficacy
19 of YGP-GET for the treatment of powdery mildew in

20 Grimson Seedless table grapes.

21

22 A 0.1 ha plot on the Tsigaras vineyard (approximately
23 80 km south of the Kir-Yianni vineyard) was

24 inadvertently left untreated during an application of
25 Cisteine on 1 July 2004. The vines in this plot

26 subsequently showed severe symptoms of powdery mildew
27 on the leaves, stems and grapes. On 12 July 2004,

28 the untreated plot was sprayed with 3 ml/L liguid

29 YGP-GET formulation at a rate of 1200 1l/ha, and the
30 rest of the vineyard was sprayved with the comparator
31 product Rogana. The vines were assessed for symptoms

32 of powdery mildew after 24 hours.
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Possidy e berauser §de, K a ﬁ@sséégbﬁfﬂé@n&gytﬁ@r@é@&aras
the entire trial area with WO 2005/7113128

PCT/ GE20051100 204 12 9edtmenphior apeivdeneget bide. The dose
il -bhased rayi ng. adj uvant nertrol _Horti Ggl).

£ RIS Weiling e W i g <

Pproduigts t Y (Fi@&xls (4 nL/L) to be applied to 6 6

Chardonnay plots (total of approximtely 42 vines), 7
1Ghi ch had been treated previously with mlk. 8 9

100Nt Rl NQyd FEa) MBI 1 RS8R A &Y £ 8- 6 SR I powdery

12 mildew.

13

14 Results

15 Severe symptoms of powdery mildew were evident prior
16 to application of YGP-GET. Only 24 hours after YGP-

17 GET application, the white bloom of the powdery

18 mildew turned black, indicating effective antifungal
19 activity. As the disease was effectively halted at
20 this time, no further treatments were applied. YGP-
21 GET showed comparable efficacy to the conventional
22 treatment.

23

24 Discussion:

25 In this study, an established powdery mildew

26 infection was treated quickly and effectively using

27 YGP-GET. Only 24 hours after application, the

28 previously severe powdery mildew infection was halted
29 by application of the terpene product, with

30 comparable efficacy to the conventional treatment.

31



10 plots (total of approximately 42 vines) to be used

as 11 controls, but they had been treated previously
wowaok/113128 oi | / whey. 13 14 Cul tivati on nmet hodsPABGBRE05502011

vinifera (Chardonnay) vines in Block B2: 16 verti cal

shoot positioning wwth arched eanes. 17 18

1Cul t izt 'ﬁ%‘%l@tﬁrﬁ@{&%ﬂ%tal%bm%éw hdstance é)éuc?y X Bgest

bet ween rows and 1. m 20 between vines (Wth
Z ow) ,thaitt K& -Z0r maqeéaqaaffﬂz:ladme:utarm thmtlng
uth. 22 .23 ensi

or| ent n rth ta op

24 Thg%pgﬁrﬁs\@%elﬁia untg rb%cf/%lsorff’se]dltao 1hnC C}a{%t Ti Ss}éa/Wlng
4 he pFeveradyinad ag;ﬁrlqmy,densmy of the Chardonnay

VI nes 26 (Table 21). Measurenments were taken on 13
January 27 2005 by selecting representative sections

egﬁ etv i@m&ﬁecqrmy Ml Y F;'}&ﬁ]ﬂfﬁ%@%ﬂ@'ﬁ #%ma

7 ef t T peme Comps itdronTens Reweanys Mididew aken in each
of the 31 6 plots of each prior treatnent (i.e. a
8tot al of 60 32 neasurenents for the sul phur-treated

Pl ot BadkdrehndD a2 Rakhidhal SCT/ GB2005/ 002011 93 1
measurenents for the untreated control plots). In 2

10addi firorEher arrremdt i radd nifiseruss dfodésPGER vmﬂ. ght

ll:)Flr e-g?ll aSQ:cr:i%o %Zen\;&trrye/t g?a%r%mgﬁl&gglngé e§/ Viches

12Pri or P@)@molrwfcﬁ@]ewﬂndymd)r Hentterwagr Tveatirldearty Ltd,

1 3|S gggtlBl? &%Lkbnelyl%hgr%%d i nb e a\g%ss t(i!al.iSf ae)r Sex%uenlplen{ental

14 programme to control powdery mildew using organic

15 products. The aim of this study was to investigate
16 the short-term efficacy of the application of YGP-GET
17 in the organic control of powdery mildew in

18 Chardonnay grapevines.

19

20 In this trial grapevines (Chardonnay variety) were

21 either treated with the terpene product YGP-GET or

22 left untreated (control) on 7 February 2005. Although
23 suppressed by previous organic treatments, the pre-
24 trial severity of powdery mildew was at a level

25 considered unacceptable commercially and was

26 equivalent in the 6 active-treatment plots and 6

27 control plots. The crop stage was approximately E-L
28 33-34 (pre-veraison).

29

30 YGP-GET (4 mL/L) (liquid formulation) was sprayed

31 onto 6 Chardonnay plots, which had been treated

32 previously with milk. Six Chardonnay plots served as



nodes Untreated 12 1.5 22 26 21 110 Sul phur 5 2.0 27
40 21 104 Optinmum 20- < 1.0-1.5 <10% <40% NA NA
WO 2008a883120% 7 8 NA, not applicable. 9 10 GenkCHIGB2005/002011
condition 11 Previous treatnent of these plots with
experinmental 12 materials suppressed powdery mil| dew
inc I he t e 0 I er,
1 he FRvor 5 psaast b o S et nsrasred ot
2commprevabliylunatckpbabl/eheys Zhehougbeeqoifvaiert per
bot h ihe m | k- and %I/ﬁhey- 16 treated plots. 17 18
3 Appl PEaEi BAS nEYROE2- d¥sé - and regi nen 19 YGP- GET
gtreatment (4 nmb/L) was applied on 7 February 20 2005
wi th a hand gun connected to a hose reel and 21 punp
SmounPedabhst @é theat comagsatignueif] thy YERr6EE. uszg The
spray, was_pr [l e i Lk p sypne of 1500 WO
62005¥?i§1%%"%%‘??(158%6%"5%8%81%Hpggi)iglggo kPa (200- 230
7psi), delivering approximately 63 2 ni/second. The
st andard sgr ay volune for 3 c}onveng onal_ treatnents
(appFeRi®afll y BOEME/RLY ORaST BahE8¢USEA gnThEesent Study

8
9severity of powdery nmildew, estimated as the area 7

13

(99 |of the QL 38 1byaglies covered with active mldew 8
col gni §§:,a.a S ASsessaq. fieidigt bimcHes g el% duedetdgit
rando%vvl i'n each plat (10 bunches pen panel side).
10 O sease.severity wds ass§§§eg on 4 FKFebruary §005,
11 276748 or e appl i|cati ofi “of °fhe YGP- GET fr &4t ment |
Eugenol 161.76 3.44
Thymol 323.52 ' 6.88
Yeast particles 722.13 15.35
Xanthan 3.17 0.07
Polysorbate 3.17 0.07
Water 3166.62 67.32
TOTAL 4703.89 100.00
10
11 The severity of powdery mildew was assessed 3 days
12 before terpene treatment and again 3 days post-
treatment. In each plot, 20 grape bunches were
14 selected at random (10 bunches per panel side), and
15 disease severity was estimated as the percentage area
16 of the bunches covered with active mildew colonies.
17 No further assessment was possible because the grower
18 subsequently sprayed the entire trial area with




12 and again on 10 February 2005, 3 days after terpene

13 application. 14 15 Data were transformed using
wW@e@siim1es ansf ormati on to 16 obtai n nean sepaPEl/GBa®S/002011

17 18 Results 19 Prior to treatnent, the nean

severity of powdery 20 mi | dew ep Chardonnay grape

bunc Hut ey Rl he e dpfﬂ%n

l(20. I4%<?/I§Lp\/\/as Si r??lagr to t:ér%)altezjozlg i%}éﬁieesg)fé&c}iﬁr}?%leép ots ¢

2 23. 2GyrRaine 12 2ortgt &dilsti cal 23 anal ysis based on

arcsin transformati on of these data 24 found that

there was no significant difference in 25 di sease

4sevenhimpdiofaren tofegilaitls (ttallee tABated®6 27 Three

days after treatnent, however, the mean 28 severity of

Sowd &8y s Slas YEP-$RTon & M- Arcp-teEPe arp kit ©
gounches versis, 34.8% grdiha w%@?@ﬁ%@ y % 2Rnes),

Arcsin transtformation of these
7st at WhtiickalhHayl diegm firmesrtedidfeerienesd v wiftdvouirllof t he
32 terpene-treated grape bunches, which had a smaller
S0 2005/ 113128 PCT/ GB2005/ 002011 95 1 area cover ed
o t h caelre :MNcdew eenite v apdd-itBito & taklicdNay
3 4 Table 22. Mean severity of powdery mldew (% on
105 Chal@dsndy:aadc ods aparerd at@lar ver Minestngit g tuped as

MRen Gy 10 Reh TRab 008 S00% 008" FeB it 90 B e

12None 023./3h&%..8

13

14 Cultivation methods

15 Vitis vinifera (Chardonnay) vines in Block B2:

16 vertical shoot positioning with arched canes.

17

18 Cultivation arrangement

19 Spacing: Distance of 2.5 m between rows and 1.25 m
20 between vines (within row), with 3,200 vines per
21 hectare. Row orientation was north to south.

22

23 Canopy density

24 The point-quadrat method was used to characterise the
25 pre-trial canopy density of the Chardonnay vines
26 (Table 21). Measurements were taken on 13 January
27 2005 by selecting representative sections of the
28 canopy within the Chardonnay plots that previously

29 had been either treated with sulphur or left
30 untreated. Ten measurements were taken in each of the
31 6 plots of each prior treatment (i.e. a total of 60

32 measurements for the sulphur-treated plots and 60



7 8 Table 23. Statistical separation of treatnents 9
follow ng arcsin transformati on of data Treatnent

wappbited28vkean severity (SEM on 7 Feb 2005 On ECFEB2005/002011
2005 On 10 Feb 2005 YGP-GET 0.2063 0.2411 (0.03857)
(0.04303) None 0.2401 0.3954 ¢®.08534) (0.07852) t
0. 36 = f c=.,10..df .= 3 510.+Q58

Tvo- Srdgd GREIErusTT bl OEESeP el rrhsreh p1ed® m

2di f f edénceonr; eshed lengthsaghi hupketr of0ndfiedpDon 3 upright

32005/ 13%28 PCT/GE2%S5/002011 96 .1 Discussion: 2

| nf eEEPBHS of PHF aB&ihe¥Shict AEBEWAESY i | dew can cause

43 considerable |l osses to growers through detrinmental 4
effects on vine growh and hardi ness, as well as on 5

sthe gyghit g10t bhe_trubt aBdopyNeenkd t9r @ENiteRl Icha® donnay

managed vi neyar ds,

growers are searching for

6al t evihaesves to treatnents such as el enent al
8 9 This study investigated the efficacy of

encapsul at ed

sul phur

10 terpene fornmulations (4 nL/L) as a

Frdlgxd T or Nedpé [eaf Iayér Critddidr MhyEvitar|y MeafieVWfMean shoot
n an orgapic vineyard 12/in Tasmgni a, Austjrali a.
lrsatnater (lper i MErkeF 13 keavasre/fluskerhHervmbeeq Llength
as little as 3 heeksiRgfOore (%) (%) of (cm)
nodes
Untreated | 12 1.5 22 26 21 110
Sulphur 5 2.0 27 40 21 104
Optimum 20- | <1.0-1.5 <10% <40% NA NA
values 40%
7
8 NA, not applicable.
9
10 General condition
11 Previous treatment of these plots with experimental
12 materials suppressed powdery mildew in comparison to
13 the untreated control. However, the level of powdery
14 mildew was considered commercially unacceptable,
15 although equivalent in both the milk- and oil/whey-
16 treated plots.
17
18 Application method, dose and regimen
19 YGP-GET treatment (4 mL/L) was applied on 7 February
20 2005 with a hand gun connected to a hose reel and
21 pump mounted on the flat tray of a utility wvehicle.
22 The spray was propelled with a pump pressure of 1500-




14 terpene application, the |evel of powdery m | dew 15

infection was still considered commercially 16
worasaeeabl e. Three days after treatnent of 1FCT/GB2005/002011

Chardonnay vines with YGP-CGET, the severity of 18

powdery m | dew on treated grapést was significantly 19

less 1hanm kPbat (poountoegsef, coat 1 obsinYhbbgrbRemidBely 63

severity of infection in untreated controls worsened

21 dutkReetde dByS pern@rid prRradndopese- £pEat ment

2 as |t ' S ' e [
53 TheTITore . P ERne A Yok Inb LRELCR0Y| 7B e
24 ofugkdease increase on grape bunches that had well -
%5 est abl i shed col oni es of sporul ating powdery m | dew

6 before treatnment. Presumably, col ony expansi on was
&7 i nhididasr ot NOBGHoRAESY | ROT GO ONLEE: GOPEENHEILEE area
28 sporulate to sone degree. Mre |ong-term assessment
D9 of (%f fokddye viisapptbweshed| eoveced sel theagr bwer mBbdew

ubse Spraye t] al_ar with 3
Sl prar ot R S ae et 0B G080, 4t  ggedd o
Thes er @i ragt gn resch tislslenpnstisatehédepef fhansy oide) .
2 YGP-CGET in controlling powdery mldew in grapevines.
18 4 BHRARE RPVSTR Y VAT | AT °HF CErfapS uT AP R TEr petie
15 Comagd$d %%ﬁf@%ﬂéﬂiéa@ior? SOLENL | SoPUBER £PLaLhent,
grapes i s caused by Botrytis 8 cinerea, a comon
13 unguend gaisarr als e gervans 200 pssesdays fafiter ytetdene
erries are the predomnant 10 site of infection,
L%Ith&ﬁ&%% %f%ﬁ%éase can also 11 affect bl ossom and
14 eaves. Initially, infected 12 berries appear soft
and watery, and may becone 13 covered with grey funga

1%rcw%@?q%1Wﬁﬁﬁﬂqq%ﬂﬁ§Qﬁm¢ﬁgﬁﬁlng arcsin transformation to

16 obtain mean separations.

17

18 Results

19 Prior to treatment, the mean severity of powdeéry

20 mildew on Chardonnay grape bunches in the 6 plots to

21 be treated with terpene (20.4%) was similar to that

22 in the 6 control plots (23.2%; Table 22). Statistical
23 analysis based on arcsin transformation of these data

24 found that there was no significant difference in

25 disease severity before treatment (Table 23).

26

27 Three days after treatment, however, the mean

28 severity of powdery mildew was 23.8% on the YGP-GET -

29 treated bunches versus 37.8% on the controls (Table

30 22) . Arcsin transformation of these data showed a

31 statistically significant difference in favour of the

32 terpene-treated grape bunches, which had a smaller



14 humdity and noisture. Over time, infected berries
15 shrivel and drop. Botrytis favours hum d conditions
waegoositiizpoor air circulation, and split or dapremes2d?/002011
berries are particularly susceptible to the spread of
18 infection. Managenent strategies for botrytis 19
11 ncl yde prorRticen A HIeRd 13id il ald1h; Y eyent iPmss;
20 of woundi ng and application of fungicides at 21
2appr Gpbilat €3bi.mes during the grow ng season. 22 23
3The aimof this study was to investigate the efficacy
24 of YGP-GET in the treatnent of botrytis infection
in 25 qgrapes. 26 27 The energence of batrytis, i.n the
4 - PeBm g ¥ ard SISt Mo BBt 00AT% e
saf t ecnakcapRlh,C #uinehedl beddrielfel o LOWrbdtttere with
treated with conventional 30 agrochem cals because the
bassodiC&t-68Tre-entry time 31 restrictions would
prevent the planned harvest. Two 32 adjacent 0.1 ha
pl of Treetwenher ef orle i dent iMean seveWiLP05/113128
PCT. GE%QOS/OOZO%l 98 1 site 7 of the vineyard, |and,
on 13PPLE8HePP2804,[ onen 2 Pébthdse @hol@ Bels treat ed

wi t hpdpnh6bs YGP- CET] quu'€ 3 forjnul ati and the
ot her was |eft untreatedb Qe 4 Rig. 2§§B5The crlop was

har yegbedr3 days fater, @pdzd theg propenrtigon of
infected berries was determ ned flor 6 each pl ot
(perBeneage wei ght [of to2al2yield). 7 OBfAi.8f ect eg
ber Hes—f+roem-boeth—+thet+reated—ana—S—untreated—prots

were then mxed in the fermentation 9 tank. 10 11
Site 7 had_heen treated with nmultiple oducts pr.i or
917 (UG 2ol PEAELOT GRL RERPSASINE ( MASRSIST Bt
913 stephh oshaWed Rt Y tthenisHeelAdn of data

7

Treatment applied Mean severity (SEM)
on 7 Feb 2005 On 4 Feb 2005 | On 10 Feb 2005
YGP-GET 0.2063 0.2411
(0.03857) (0.04303)
None 0.2401 0.3954
(0.08534) (0.07852)
t = 0.36 t=1.72
df = 10 df = 10
p = 0.726 p = 0.058
Two-sided One-sided test:
test: untreated >
difference treated
not
significant

10
11



14 15 Vines were given a single application of 4 m /L

YGP- 16 GET liquid formulation at a rate of 1200 1/ ha.
wa720054817he foll owi ng grow h stages of the graperGReE08/002011

19 recorded: 20 - bud break, 26 March 2004 21 -

bl oom 1 June 2004 22 - veraisos, 6 August 2004 23 -
1harvgsteulaiGntober 2004 24 25 The study applications

took place 3 days before 26 harvest. 27 28 The 2004
2gromﬂn@eséasnnoﬁagrapeapnesnwﬁty batvwelegnyd mi29lemasanetcause

t hrou out ea ressure fromd 0 m.| dew wa
St L ERBRY R ER I Sl aBrE B! Serarse cibush; dhre 1 ReAY
4”Udeé§E@c€§dogobﬁﬁbl rb%%ﬁ'%nﬂﬁh@r@ﬁ%%%%@das33mM@ as on

2005/ 113128 PCT/ GB2005/ 002011 99 1 YGP-GET was |
Sappl ke aualhity piEmeheo féisléés@nidt yipepotlenorganically

efflca ain [ tQ@% | d

not ot ﬁ %ﬁsg ﬁgyerQEén %rea ec%%?é ﬁgpeg#|0|de
7t|nEa&eékhat&veBStprtQEatmehasvesbh as eldmemalal sulphur.

assessnment of the site prior to terpene 7 product
8application reveal ed evidence of botrytis 8 infection.
9Afte@hgéré%%5y Eﬂ%eg%ﬁbb%%dmﬁh% @Eﬁﬂd@ﬂ?joéaéﬂ&a%sulated

conveyor belt and infeCted berries were manua
10sepatetpentr dornmilatéonsd (Bemii/és pﬁl@rhmguydxﬁgnmylatlon

1151 TS RLEROLANONCOL ALES! DRI 5P AR AR By

l2eaCh1n1®ththa, Australia. While other experlmental

13 treatments had been used as little as 3 weeks before
14 terpene application, the level of powdery mildew

15 infection was still considered commercially

16 unacceptable. Three days after treatment of

17 Chardonnay vines with YGP-GET, the severity of

18 powdery mildew on treated grapes was significantly
19 less than that on untreated controls. While the

20 severity of infection in untreated controls worsened
21 during the 6 days between pre- and post-treatment

22 assessments, it remained steady in treated vines.

23 Therefore, YGP-GET appeared to have slowed the rate
24 of disease increase on grape bunches that had well-
25 established colonies of sporulating powdery mildew
26 before treatment. Presumably, colony expansion was
27 inhibited, although existing colonies continued to
28 sporulate to some degree. More long-term assessment
29 of efficacy was not possible because the grower

30 subsequently spraved the entire trial area with

31 sulphur.
32



14 15 Results 16 Visual assessnent of the site prior

to YGP-CET 17 application reveal ed evi dence of
whodosg1iigs i nfection. 18 Foll owi ng harvest (3 PE&€B2005/002011

after YGP-CET application), 19 the' proportions of

infected berries were 13% and 83% 20 in the treated

jand %ters%ate?g:o%fggfingr GIRELILH & A dnorfel & ttﬁ?é &de & 888, of

were not sufficient to assess 22 statistica

i gnividre&®de [ irhowevergl MERr GEvdematmieiew 23 deapdyines .
3sl owed the progression of the disease. 24 25

Fermentati on was not affected by the m xing of 26

ani nfeeied Lo i-eFifdiantdi 1 igR drhpid d1dP ensrpeile

treaféd plots. 28 29 Discussion 30 Conventronal

X r eaGomROSItdom @1 \BAtIWHi® be halted 3 31 weeks

efore harvest, leaving tine for considerable 32

damage to crop yield and quality to occur. The WO
72005/8b13128 sPETIEB? GAH A2 Qrbpa)0 <l aevedd foe o ofvial s

treatment that could be used until 2 harvest, or, that

& oul FIBEIE N i FEHI D SAGH $tef FahEn FHetous

eXi Shidag Rf QUGS i tCQMlA g eSHdriitd SINHd G dominant

i mprovenents in crop yield and wwne 5 quality, and
10woul ¢ive of dovfsicdaraabl @lidwafgh the gligrepme scan mido s
138 e AL GRLTRNL W LI ReLRIPene , 7 prodnct Vs G

vi si bly ST owed progression of ‘an establ-'she
12bot r pars iicaf estdear et Jnfaywa qahor dral nthyhasamsie

resulting in a | ower proportion of infected kB 10 )
L3per r icOYV SRS H@ttlb%e-ﬁ%le@%"ﬁh i heens of high
14unt r @b A iRhOlan Wik e, JiRspidiend he ae-«dg Wdries

12 CGET closé to harvest, fernmentation was unaffected
15y s3rtivelcemsi whtdron &fotmdtse d aarmiasnthusstdedconditions

169" 2PE3th poor air circulation, and split or damaged

17 berries are particularly susceptible to the spread of
18 infection. Management strategies for botrytis

19 include promotion of good air circulation, prevention
20 of wounding and application of fungicides at

21 appropriate times during the growing season.

22

23 The aim of this study was to investigate the efficacy
24 of YGP-GET in the treatment of botrytis infection in

25 grapes.

26

27 The emergence of botrytis in the Kir-Yianni wvineyard
28 in mid October 2004 (3 weeks after an application of
29 Teldor® could not be treated with conventional

30 agrochemicals because the associated re-entry time
31 restrictions would prevent the planned harvest. Two

32 adjacent 0.1 ha plots were therefore identified on



14 15 These results suggest that YGP-CET is

efficacious in 16 reducing the inpact of established
whodosy131gs 17 i nfecti ons and can be used near tRPCT/&BR@S002011

wi thout 18 detrinental effects on subsequent

fermentation. 19 20 Exanple 2%g- Eval uation of

Enca l.ated T 2 e

lest a%lslil&seﬁ e7 d %E%O\%m&{/ée m%(%y%ra(\i nd ]affzdls uo-k% 2%1 %ﬁ Oei/]‘garl uzaqoi 4o'n one

20f grdpéehgsa Dlyts2a4 thdatiead voft iy @P1CE T WP -¢2BT i eiduid

out 25/.08/,04 25 | yi the conmpositign at_a rate
B 10606 B p O350 hE N CET 37 25k VIHeyarE b (Cee
4Cabermet. Sayvi gnoR \WHEh waas hfesAed I edyed latkr, and
suffering substantial |eaf |oss due to 30 Downy

5M | dépends opprdied ofnyinfaatiad Mpneafyagerdetegmined for
s . / . : o

6I32 f %tg%%eﬁltgv% 2( %t%oe(r}]ltta p\/\g“?eltl\ﬁnﬂetdl%ga?éb a&r:a\(;ll tq/ﬁl:eg: ]Tqﬁ)z'zz WO
72005 t/hE 3F28: HRAT bER206s/ (20l botl0 ke grmasttedrartde

| eaf bottom the classical _indication 2 of wn .
M| SRR OIS Mot dlitbar FintiTdigntation
avel | eynikndi cating substantial infection. 4 This [eaf

| oss and the infection in general delays 5 the
10maturity of the grapes and in many cases the 6 grapes

never,.ftul Iy, ri for_ w s S .
11Cbsers\}éc;é| gn hgff%%tegl Itf\gl?nr%ree:ggé&nle ?#{lgcgs%aér &)IZ?aérikCt% prior
12gr eencbeld epplikatoti afetere arlperad fiormshape)on Mt

bunches qccasionally in the vines indicated that the
1311 vishéd lnshevisck &oF tviriec e B verai son, and 12

14 i kely at bl oomor before. No early copper (Bordeaux

13 or basic Copper sulfate) application has been used.
15 Vines were given a single application of 4 ml/L YGP-

16 GET liquid formulation at a rate of 1200 l/ha.
17

18 The following growth stages of the grapes were
19 recorded:
20 - bud break, 26 March 2004
21 - bloom, 1 June 2004
22 - veraison, 6 August 2004
~ 23 - harvest, 15 October 2004
24
25 The study applications took place 3 days before
26 harvest.
27
28 The 2004 growing season was exceptionally late and
29 was wet throughout. Disease pressure from downy
30 mildew was extremely high, powdery mildew pressure
31 was moderate and botrytis levels were elevated.

32



14 This vineyard was heavily infected in the previous
15 harvest to the point that no crop was produced from
waegoshes1Baber net Sauvi gnon. Leaf | oss | ast yeaPCmas2005/002011
100% 17 despite Potassium Bi-carbonate treatnment in
an 18 attenpt to contact killgphe Downy M | dew,
follg d % w% il ri [ EAOQJ dQngern term
lsyste%%cG ?O p%o?@?&?gﬁlagl%%gf %ﬁ'f@/O9%ﬁﬁJthe gr apes
2t r eapedentibhi eftfiicalcywermaingd pi doddyarnics dmfstved cendchat
the fol Lowi ng observations 24 were nmade on the nust
3 TabF8UsH) 108 S LBE YA P ORIt TR P Be

4PH 3528+330e3+3md: 2esAiCt92rQ 8310 +Q TarRidx 17.4
18.7 20-22 27 WD 2005/113128 PCT/ GB2005/ 002011 102 1
5These results indicate the grapes fromthe treated 2
Vi nes,.are-riper t t f L g d.vj 3
oo dabran “BFErE hrasts Hhemtan i E St s
7t he pabaeatedpgldpes 1ver &cvealaesdeerideghifelodtrytis
color, sonme wth _a transparent pinkishgpurple/green 6
8t i nt INERETARN-ve AT Sgr AFEY Skt Fas P FeriaSsafrre pisplayed
9“her%ﬁ5atE§n5%§%Ee%eQ%a%%%\Mﬂf%d¥@d<ﬂﬂﬁﬂﬂé%‘%érégmanually
aver age and opaque, typical of fully or nearly fully
109 ri pepedagedpésoml OnihfeTdasid Agprofi asheyd qgr &gesrushing.
reveal ed the treated_gr.apes to_have a full.er
114 Ui B G PEADPE Chg CA LOR SHSE FEiahne: AeE SalgRged 2o
12Wher gapetr-bentatjecatred hgr apesldivd 11 Mot wRavwht)hedldach
fruity taste. The untreated grapes

13 plot.

14

15 Results

16 Visual assessment of the site prior to YGP—GET

17 application revealed evidence of botrytis infection.

18 Following harvest (3 days after YGP-GET application),
19 the proportions of infected berries wefe 13% and 23%
20 in the treated and untreated plots, respectively.

21 The tested areas were not sufficient to assess

22 statistical significance; however, YGP-GET treatment
23 clearly slowed the progression of the disease.

24

25 Fermentation was not affected by the mixing of

26 uninfected berries from the untreated and terpene-

27 treated plots.

28

29 Discussion

30 Conventional treatments for botrytis must be halted 3
31 weeks before harvest, leaving time for considerable

32 damage to crop yield and quality to occur. The



15 had a green apple sour taste indicating probable a
16 high malic/tartaric ratio unsuitable for good 17
wowemseldesig. 18 19 These grapes were crushed pemGB2005/002011
destemmed in 20 preparation for producing a wine from
these grapes to 21 denonstrati@dhe difference in
1t hesee%eegﬁemd 24 LETRAS! rale (R IdARIddd Yarftfi 1
the treated grapes fao 23 w nenaki ng. The grape
2gr owearwaestcomertﬂnadt tcloartl &t Rries cozm:ltmm mémsamoujqj harvest

affe flavor of t he at. _ny
3sugg %lfa Dife 2SS Pgé)}gé’tf% rars:éjél dtz Yay* af t er
4appl Isqgwl@rice&ltY%%Tfe@@ltfsowmd di®p 2 d1dgerd R ne
taste or aronma. 28 29 The difference in the treated
Sand GHedéated agcapesilics be3@f mrwerdea@%% fqemedd b ko

6t he oWer%f tl}?x ts S-Elﬁ 3]cﬂ z/f el:%&%%ne
grap was “1’i green| unco ore sone i Ke
7a Whi ptre Adwicrre YmPsGETV\@;L%&(Bﬁjyl ﬁm&@@ﬁ@mmﬂ 21‘1’1 Bn
103 r ea nmust fromt he tr eat gr \%'oes was a

8pi nkesg‘lrr &Ilc?’ e@/%"(’?&lyt&ls e o T 18T to

o0r apes rh/Rdi by ahierC euamwag: ﬁoﬂﬁﬁdﬁ%ﬂ tiSifected
indicate that YGP-GET is efficaciols in 5 late sunmmer

10vi neperd lesedtmeine tt;ermelma—rtgre@mde ptadp e Dawbpe
Mldewrelnf ctl i t shaqrt

g Fuf reaF(eegg rC |nP%rt%ft?er ong tlcgfer%p&tfel gglceyalgsr %fSYGP_

1210 YGRTCcldse contizehldsty dewmentdtden weld dirleef fected by
useful, 11 hut the results present ed show t hat

13yGp. 6P icompipationr of treatashend M treatace GRass -

14Downy M | dew can conpletely ruin a crop

15 These results suggest that YGP-GET is efficacious in
16 reducing the impact of established botrytis

17 infections and can be used near to harvest without
18 detrimental effects on subsequent fermentation.

19 |

20 Example 21 - Evaluation of Encapsulated Terpenes for
21 the Treatment of established Downy Mildew and

22 subsequent evaluation of grape guality

23

24 A trial of YGP-GET was carried out on 25/08/04
25 applying the composition at a rate of 1000 g per 250

26 liters.

27

28 A vineyard of Cabernet Sauvignon which was 100%

29 infected and suffering substantial leaf loss due to
30 Downy Mildew was sprayed. Any remaining leaves were
31 infected with spots of Downy Mildew as evidenced by

32 the vellow spot on top of the leaf and the fuzzy



15 and there are currently no effective treatnents
which 16 can be applied shortly before harvest and

W0 b@s/1tae@in - 17 their ability to provide protPCL/GBR005/002011
The great 18 strength of YGP-GET is the ability to
provide a quick 19 kill and mgntain this efficacy
over g [ er_.co fURQIsCy o
R o e S e S
2mar kett 23wnlyi oh lidewe aMaest alfl itdleed davask weeword most

agai nst .Do M l.dew, but all need sone .ti after
o) PR POV B St A TERE A G A D e N e ST e At
gt reatp@Rt § 0226 10sik Uty 1eEFRIAIHNG PIRIMEES) delays

cannot be used if 27 the tenperature rises above 85F.
5Phyt shexmeittyricly of8 téep parresn Bdichilmg Mamyyiceisess the

al so_si_gni ficant i_ng ri.et f e.
Cont 486050 FONGCoiiAa I TMSE e AT SR Tt R SFaaE
7s0 a second 31 application of a |onger active
fungicide is often WO 2005/113128,PCT/gBZ?OS/OO%Qll
8104 PLrEE¥EEioBuUt Ofmy tRERL LYt r FREERCHGIr ef Bv@nt Rard dark
of egulati.an ?grffe§-~Pkm Qi REk hme3erd MBAY oval in shape)
conventional treatnents for Dowy M| dew have a 5
10r est buntcbesr esmasi qrREILyanid oth®Hrinesi ¢hdicansedt Hdats the

grower._cannot _apply.the tr.e nt.in fear that he 7
1100 11 VARSEy e hi]ﬁé(qiyke %thlneg%zeé%, Refiche nar g mgr g and
120f 66igdayy; athelgawerr Waddd.hemdeaniabledoer 9Bordeaux
harvest his grapes at peak maturity. 10 11 Downy
13M | déw ikasifpl FerPed §$LERESPr iFRRY @iy offas 1PeeRe used.

14M8NY pRQQr Wﬁ%@%@gﬁ&?ﬁé&m eastk Rt elihe 13the porevious

M ssi sSi ppl . w affected grapes t
1514 r ihpewegtopsy | yhandobatpitdlkedd rat peaik watupiroguiced from

16th|sth%5cg%%f§é% %%%@fgﬁénnduikgk'loss last year was 100%

17 despite ©Potassium Bi-carbonate treatment in an

18 attempt to contact kill the Downy Mildew, followed by

19 Stilbourin application for longer term systemic

20 protection.

21

22 On 19/09/04 the grapes treated in this trial were

23 picked and crushed and the following observations

24 were made on the must (Table 24):

25

26 Table 24

Control Treated Desirable

pH 3.28 3.30 3.3-3.5
TA 0.92 0.85 0.7-0.75
Brix 17.4 18.7 20-22

27



16 17 Advantageously YGP-GET should be eligible for
18 approval by the various "organic" conmttees (many
waosakfizappoi nted) that this product is suitabtBEGBI05/002011
use 20 on grapes grown under "organic" guidelines.
This 21 opens another niche ing rapidly grow ng
mar k 2 se nt Lo .t S i 3 4
TEcarresss ERREGH  1BoeBss A BPebRY fhhoforas e
2pr opefihiegs Dfe eptppsul@aizad ahdsaorfenclapsuhatredt2d vines.
terpenes 27 28 Further tests were conducted tqQ assess
3t he §PskaivatigneriapsiPat@d@nss peh@PrEpar atfonsased that
OUut iR EXAPLE. 38 I3 AN PLERR!ALEONS G BRd 22ighter i
encaps&lated ?% g?u%g% 31 particles. %E 6§¥g tehter A
52005018128 REi¢ GB2605/0020ahspa@bnt Toirdorduaiunhlesegreen
assays, .20, 000,.spaqr.es were placed in. 2, 1/3 strength .
6pota¥6h&extﬁ£§§4%£ﬁW$(Fﬁé% GhaPSS suf PP ekPt tatson.
7quantinthessof el ectred terl pPepiaired owalat iRk waherple on
added to give concentrations 5 ranging_from 10 to 1000
8ppm aTrESSE SR RRAETI stYBLGRE eOpl AHedYi RTsdRRTAMe fully
teril. p endorf 7 tubes with Botrytis cinerea
9?B.CF§§§%%?G ,a'nCUbated 8 for 24 hr, then the spores
lonere recovered by 9 centrifugation, and the terpene

sol uti ons wer O di scarded. The / bi
1 e TRl PE LB AR TR (e HeR et i abes
12t hen dakaRbacku112 UE AN 309 It eft L3 sidanagih RRR

and transferred to 13 96 well plates. The opti cal _
13densCapegherh Sasyilgingiing Wheg egsortde grdwiangschigrapes did

147CE€ Inio% \P{%%em?t?x%ﬁ gfglq. 1ow%i;r::3)ﬂrﬁtl'alslt1e5. Fl’i?)qﬂl %!nqﬁleated grapes

activity'1s defi as 'to Ing ‘
15 had a green apple sour taste indicating probable a
16 high malic/tartaric ratio unsuitable for good
17 winemaking.
18
19 These grapes were crushed and destemmed in
20 preparation for producing a wine from these grapes to
21 demonstrate the difference in these grapes and to
22 demonstrate the suitability of the treated grapes for
23 winemaking. The grape grower was concerned that this
24 treatment would affect the flavor of the wine,
25 aithough at my suggestion he tasted treated grapes
26 the day after application of YGP-GET and found no
27 lingering taste or aroma.
28 h
29 The difference in the treated and untreated grapes is
30 further demonstrated in the color of the must. The
31 juice of the untreated grapes was light

32 greenish/uncolored (somewhat like a white wine must)



16 20,000 spores after 24 hours terpene exposure, as

17 evidence by the absence of nycelial growh. 18 19
wab@snedes t s suggest that certain formul ati onsP@EGB2002002011

not fungicidal at a statistically significant |evel

21 under the present test condigjons (results not 22

1o Pperpa® S Fhof che Frdud dragpe Jos
228, 2Anki6h Refler toypExatplot Jrapez@a(bﬁaiﬁee; EBufigmon
detalls of the caonpositions. 27 28 The m ni num

3i nhi GERSF dIHEHETRLYo R H6T (H&STBI - 29 effecti ve

sconpayds % s$At OYhdika b8 46 va¥l ordl i 32 M cacious in
2005/ 113128 PCT/ GB2005/ 002011 106 1 Table 25

SVat eriedle wiummenMViEREiral u‘rmarh;manﬁ Ahi Bitldriyng and

|nh|b|to cancent n conce t|on @)
1008 oBrmey WEiER0 1 ALAEY 45 oGP By 980, <
7>750 shbet<1Qe®;. >750 22 <750 >500 26 <1000; >750 31

<1000; >750 2 *In different tests, the |owest
8concentration that 3 gave no gromﬁh was either 500 or

750 RRPcd, 3 Q@é&%ﬁf T fe GHRAUNAZ WP oF th
9wate g’ 6 encapsu ate% in h IOMIqucan partlc(%s ©

107 YGP GET in controlling downy mildew would be useful,

11 but the results presented show that YGP-GET is a

12 useful treatment.

13

14 Late onset Downy Mildew can completely ruin a crop

15 and there are currently no effective treatments which‘
16 can be applied shortly before harvest and that retain
17 their ability to provide protection. The great

18 strength of YGP-GET is the ability to provide a quick
19 ' kill and maintain this efficacy over a longer time

20 than other contact fungicides.

21

22 There are a number of anti-fungals in this market

23 which have an established track record against Downy
24 Mildew, but all need some time after application

25 before the crop can be harvested. Some treatments

26 (like sulfur containing products) cannot be used if
27 the temperature rises above 85°F. Phytotoxicity of

28 copper containing fungicides is also significant

29 depending on the variety of grape. Contact

30 fungicides do not have a long term effect so a second

31 application of a longer active fungicide is often



8 Sanples of fornulations 16 (geraniol, eugenol and 9

thynol) and 22 (eugenol, thynol and citral) 10
wep@apsibat ed in hol |l ow gl ucan particles were PCEpBR@J/002011

11 in accordance with techni ques previously descri bed.

12 The fungicidal properties wege then assessed for 13

enca d ; f ' ' :

114 tﬁgégpcféo(f'oco pﬁ}%{)%s y el:éc%%ekg;%laét%%{?}on lggatlon

Z2ncapsulat e armmAEdt)i.ons. 16 17 The results were

quite different with encapsul ated 18 terpene
ornmul ati ons as conpared with the terpenes 19

sUspepdRd ddhvatelfon®s SHEWPMERLE G024 DosRy 24 1THEr have a
m ni num effective concentration is shown below in 22

STabl eexg.rixgdafD poosiay 31REIPETHCEB2O0BHDD 20t chl earss  the

Tabl e ter] MC in,s ensj in_ye

6part igcfog%é\éhlggé%bﬁo,a%% g%%o ::>'lé%trmfgt <'}€O,€ that he
K500,w2530 aRpBy Thusethhagr adid amddzdmt ewhats hGsard PHI
22 are quite_ 4 different when in agueous suspension

&nd iHen bPest@dSi5 BRRapSt R ed TH g ubkeharti cregble  to
d Not 615 A%JBHIONGhy & | A §lead HRIKMES, SOME

variability in the results wth 7 terpenes suspended
10 n water, the experinment noted 8 above is an exanple

of this). C .val.ues .ar conmposites from
106 ey M 50 AR A od &8 TR i puse of
12ncapyd ated, tyqend d«y mdiatd Prodrddteadt] stfiies
fromthe problens of variability associated 12 with

13 quedtissigsiams s uSRTSIEIh Sovikk el I e st ed grapes to

14 ripen properly and be picked at peak maturity in this
15 rapidly growing industry.

16

17 Advantageously YGP-GET should be eligible for

18 approval by the various "organic" committees (many

19 self-appointed) that this product is suitable for use
20 on grapes grown under "organic" guidelines. This

21 opens another niche in a rapidly growing market

22 segment in the US and worldwide.

23

24 Example 22 - In vitro assessment of the fuhgicidal

25 properties of encapsulated and non-encapsulated

26 terpenes

217

28 Further tests were conducted to assess the 31 non-

29 encapsulated terpene preparations set out in Example

30 15 and preparations 16 and 22 encapsulated in glucan

31 particles.
32



13 five separate tests of terpenes suspended in water
14 and three with the YPs. 15 16 Encapsul ated terpene
wo orosblHes ons are readily 17 miscible wth wap€r/Ganes/002011
provide a slow rel ease 18 terpene fornulation into the
aqueous nmedium This 19 resullps in a | onger exposure
1t'nETQfcBH@u@EOEﬁéséoasggyEheZbeb@@nggorgé wéfe placed in
Probl ens nonitoring the non-encapsul ated terpene 23
2fornﬁVétsbnsnghhspgpehsldaxtnoahebregh edBa wede 24
zencoun [ ed have results in 25
i ST bt 4oE MO IIB05) £191 28T PCS CBoB0S T B6BBLT 108 1
40 ai perRuldtionA w@ﬁ@oadaeant@ogmﬁes bagc@nla@blt@\zyns
glucan 4 particle or cell wall particle encapsul ating

Sa sreegpedeleempbfenp. 180070pM. ATEERB0SFEORatET1ALS
acco g ai n

S e R 3 ] o o
7ma||tub@s WitE BAtcgﬂpssctneneac¢Brd|mgsporebaianubated
8mher h E ﬁ( glucan particle or cehlbwal

part EFe és r13t P LB ERPF CRalPre14SCPE R SCAPY
9COPP@éhEkQEu§§EQBHInQnEOtﬁéatgkﬁeﬂﬁeééuﬁtﬁaﬁs Weryeast

wal | is derived froma Baker's yeast 17 cell. 18
1019 5dipcesspdsi FhensReEeFdbhgmEESaneTer s4B8ERAgWAILEI m
11 sterile water, centrifuged again and then taken back

12 up in 300 pul of 1/3 strength PDB and transferred to

13 96 well plates. The optical density of the surviving
14 spores growing into mycelia was measured over time.
15 Fungicidal activity is defined as total killing of
16 20,000 spores after 24 hours terpene exposure, as
17 evidence by the absence of mycelial growth.

18

19 The results suggest that certain formulations were
20 not fungicidal at a statistically significant level
21 under the present test conditions (results not

22 shown). These were:

23

24 1, 2, 4, 5, 6, 8, 9, 11, 12, 14, 15, 17, 18, 19, 20,
25 21, 23, 24, 25, 27, 28, 29, 30. Refer to Example 15

26 (Table 17) for details of the compositions.

27

28 The minimum inhibitory concentration for the most
29 effective compounds is set out in Table 26.

30

31

32
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WIW Qi feaRdray .tekrs , 1Ghe?. 1 Avamasiddrody cicat diig:
to any preceding claim 17 wherein the terpene

YGife Drther it ©%f7 Ith@R™®r penes

pselected fromthe group 19 consisting of citral

pi nene,

5

nerol ,

b-i onone,

Comparative testing of compounds in water and

encapsulated in hollow glucan particles.

Samples of formulations 16

thymol) and

22 (eugenol,

(geraniol,

eugenol and

thymol and citral)

encapsulated in hollow glucan particles were prepared

in accordance with techniques previously described.

The fungicidal properties were then assessed for

encapsulated and non-encapsulated formulations using

the protocol previously described for the non-

encapsulated formulations.

The results were quite different with encapsulated

terpene formulations as compared with the terpenes

suspended in water,

as shown in Fig 24.

The minimum effective concentration is shown below in

Table 26.




20 geraniol, carvacrol, eugenol, carvone (for 21

exanpl e L-carvone), terpeniol, anethole, 22 canphor,
woreowshed1zs t hynol , |i nonene, nerolidol, 23 farP€BGB2005/002011

phytol, carotene (vitam n Al), 24 squal ene, thynol,

tocotrienol, perillyl 25 alcahol, borneol, nyrcene,

1S1 N"ERgp16abegne, 26 terpenene, linalool or a mxture

thereoP. 27 28 13. A conposition according to any

precedi nglatleaiimal 29 whelrei ant bespengdéoa CconMddenn yeast
conpri ses a 30 terpeneé having have the general .
stricture 31 ClOH16 82 WO 2005/113128 particles

PCT/GBZ005/ Q@011 110 T 4o, CaRpges T1on acepd @i igho
to any preceding claiim 2 wherein the terpene

conponent c@Prises ope or <730meHO0t er penes seh @eteb0

fron tho Aaronn 4 concilctina Nnf anrant Al + vl
TH C 1 TO 3' \JUH - CUTTO £ W | ||y \w A | ybl TATIT U1 ] tIIyIILlI ]

2citral, carvone 5 (for exanple L-carvone), eugenol,

3b-i0R@Re oknd rBsWiXkURA thhekeRrials 86l2ndA22 are quite
conposi tion according to any preceding claim 9

dnher €iif feffente peme 180 APTISONS CHPPENsSEMa afd fiberuitested
of gerani g i 1 A :

o Sar EP O LA G ng U5 it SPBCLE AiRer P Hio 25 pentoned
6t er peae eeonubrert waenpbinse ralQ@Witlhiyolin the ¥esliltsAwith
conposition according tqQ claim 14 wherein the 16

"t er péREPEFIFORERP TOPY i Sed356% &t gniSoIP Eridert7 Isigd

gt hymalooWeWs 5185 %ah@i1 AcFOMRAS) LI ORCeaicdiag U are
claim 14 wherein the

9 composites from several trials. Importantly, the
10 results with encapsulated terpene formulations do not
11 suffer from the problems of variability associated
12 with agqueous terpene suspensions. There have been
13 five separate tests of terpenes suspended in water
14 and three with the YPs.

15

16 Encapsulated terpene formulations are readily

17 miscible with water and provide a slow release

18 terpene formulation into the agueous medium. This
19 results in a longer exposure time of the spores to
20 the terpenes.

21

22 Problems monitoring the non-encapsulated terpene
23 formulations in suspension in the test media were
24 encountered which may have affected the results in

25 this regaxrd.



20 terpene conmponent conprises 50% eugenol and 50% 21
thymol ww 22 23 19. A conposition according to
w@b@smads wherein the 24 terpene conponent coP@F/GBe®s/002011
33% geraniol, 33% 25 eugenol and 33%thynol ww 26
27 20. A conposition accordingdg® claim1l4 wherein the
28 terpene conponent conprises 33% eugenol, 33% 29
yngggggg 33%citral ww 30 WO 2005/113128
7002011 111 1 21. A conposi tion according
20 claim14 wherein the 2 terpene conponent conprises
ZSngeranloI 25% 3 eugenol, 25% thynol_and 25%citra
wWw 145 ZQZCOIEP%%%%)%%?%%?%%%JO?%%gh?%l%‘lvagiﬂl‘ﬁn
yherein t PERE. SPIPONENT e
geranlol n%%597é€%d§ﬁ ¢ 202?§prgfgpé%%b§%§%%/ugﬁglng .
20% L- 8 cmenmﬂmem¢mmpéneﬁﬂ 23. A conposition
ccording to any preceding claim 11 wherein the
er pene conponent is associated 12 with a surfactant.
13 142 24. A cONPOSitiON AEEOHFEHMG t6 ANYiml ECREEALin the
claim 15 wherein the surfactant is selected fromthe
86 group comsiewiwhrern serlf ik lauweyl cell ptat &, rayticle is
ol ysor bat I 80, polysorbate 40, 18
%ol ysor bat% %%?g‘%%l%%%gg%% ester, 19 polyglyceryl
loonool eate, decagl yceryl 20 nnnocaprylate propyl ene
1§ ool ol capril s e & LLLGLAESE Lo "RIORh A Blkein the

12 hollow glucan particle or cell wall particle is
13 a yeast cell wall.

14

15 4. A composition according to claim 3 wherein the
16 veast cell wall is derived from a Baker'’'s yeast
17 cell.

18

19 5. A composition according to any preceding claim
20 wherein the hollow glucan particle or cell wall
21 particle is an insoluble waste product from a
22 yeast extract manufacturing process.

23

24 6. A composition according to any one of claims

25 any preceding claim wherein the hollow glucan
26 particle or cell wall particle has been alkali
27 extracted.

28

29 7. A composition according to any preceding claim
30 wherein the hollow glucan particle or cell wall
31 particle has been acid extracted.

32



22 pol yoxyet hyl enesor bi tan nonool eate, Tween(r), 23

Span(r) 20, Span(r) 40, Span(r) 60, Span(r) 80, Brig
w@00s5241e8 a mi xture of two or nore thereof. 2BCT/282@5/002011

A conposition according to any preceding claim 27

conprising 1 to 99% by vol une tgppenes, 0 to 28 99%

by vol une surfactant and 1to 99% hollow 29 glucan

artigles qr cell partlcles Q0 _31 26.

orpodits of SCTBPEL RGP0 craTAiDE S ErG o St

about 10 t g@habketih 61% wowlber penesn beemiWde or cell wall

2005/ 113128 PCT/ GB2005/ 002011 112 1 about 0.1 to

dbout 10% RPRTIGLPaBPENPEERd OFPERIL C2 SEBYRRtAGE 281G

90% w' w hol | ow gl ucan 3 particles or cell wal

particles. 4 5 27. A conposition according to any

pr ecedi.ng alabmpoeismbhabbeotdin@itbiagybaa@eﬁdimm'claim

fungi. 7 8.28. .A conposition accordin

b ooedi g BhaFRinoBa PRULE™ GLUEAR PAG g, B0 ceft wall

79. A conpgsirtiencagear di Ngptia aByitRheced Ng hdigheater .

12 suitable for killing nycoplasma. 13 14 30. A

Sonposi tion according to any preceding claim 15

gher eh 1% LELBRNGS ACd Abeqlagd 8 898 lS 1hfrtin Ane

conposition acc to any preceding clalm
1©onpr|3|nglapldddbhtenaloEondeghadéowcgﬂmeahQparticle or

gompound. 20,21 32 A conposiLigy agcording Lo claim

12

13 11. A composition according to claim 10 wherein the
14 lipid content is 10% w/w or greater.

15

16 12. A composition according to any preceding claim
17 wherein the‘terpene component comprises one or
18 more of the terpenes selected from the group
19 consisting of citral, pinene, nerol, b-ionone,
20 geraniol, carvacrol, eugenol, carvone (for

21 example L-carvone), terpeniol, anethole,

22 camphor, menthol, thymol, limonene, nerolidol,
23 farnesol, phytol, carotene (vitamin A;),

24 squalene, thymol, tocotrienol, perillyl

25 alcohol, borneol, myrcene, simene, carene,

26 terpenene, linalool or a mixture thereof.

27

28 13. A composition according to any preceding claim
29 wherein the terpene component comprises a

30 terpene having have the general structure

31 C10H1s .

32



22 additional food grade active conpound is an 23
antim crobial agent or enzyne. 24 25 33. A
w@oisosites on according to any precedi ng cl ai m PRBEGB2005/002011
conprising an antim crobial agent, an anti 27 funga
agent, an insecticidal agent, prganti- 28 inflammtory
agent or an anaesthetic. 29 30 34. A conposition
ccording fo_an receding claim 31 further . .
onpr?érngiaﬂoﬁﬁ?ng%aﬁn?gC%EQVng365?T¥39§§Cedlng claim
PCT/ GB2005/;002844 +Ad3tdrdéneAc6apbAshti eBmpetsedi Bge or
to claim 34 wherein the 2 antioxidant is rosemary
3il, vitahpre berReyefaffheeted4fronstha g6RPEBsI ti on
ccordi ng cedi j ' he .t of
%ry pomder%gggf%tggs §?c§%ﬁ%§??¥%n§% cggdiﬁ%e%glénggrvone
pne of cl al fizsr lex8mpbe 3b-caraopel | eeugeablet bedonbher or a
solid form, 10 11 38. A_conposition according to any
Brecedi ng BIAFAFe15P86RBF i sing a di spersal agent which
pronotes 13 dispersal of the conposition when placed
intoa 14 liquid. 15 16 39. A conposition accqrdin% _
8o anySprededpmgogibion azcpndevgbraaghpnrirecRdany claim
griculturally,.fo 0 h LC :
gcceptablé%%%¥?f%r€%? ﬁ@régggp?éﬁﬁgﬁﬁhg ﬁ%%éFé?eéoﬁid
10r gel-likeikoupe o20gdtadolA ehynodi ahdneagenbdi ng
1&0 any one of clainms 1

12 16. A composition according to claim 14 wherein the
13 terpene component comprises 100% thymol.

14

15 17. A composition according to claim 14 wherein the
16 terpene component comprises 50% geraniol and

17 50% thymol w/w.

18

19 18. A composition according to claim 14 wherein the
20 terpene component comprises 50% eugenol and 50%
21 thymol w/w.

22

23 19. A composition according to claim 14 wherein the
24 terpene component comprises 33% geraniol, 33%
25 eugenol and 33% thymol w/w.

26

27 20. A composition according to claim 14 wherein the
28 terpene component comprises 33% eugenol, 33%

29 thymol and 33% citral w/w.
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22 to 35 suspended or dissolved in a liquid. 23 24

41. A conposition according to claim40 wherein the
WQobitepaesl is water. 26 27 42. A conposition BCT/OBAISH02011

to either claim40 or 28 41 conprising from about 500

to about 10,000 29 ppm hol |l owgiucan particles or

cel | mall 30 particles, where the particles contain

rom 0 pene onen :
R e A e A T
accor di ng t@rpéﬁem:éﬁpcﬁé‘ntl ebmgrlaefsr Qﬁ?abem‘taniﬁﬂlo £6%
about 2000 ppm hollow glucan 3 particles or cell wall
Particl es, SWHERELt héd3 EQYFP&I@gdcgﬁ?aFﬁtFP6nWéWbut 10
0 about 50% 5 terpene conponent ww. 6 7 44. A
conposition according to any one of clains 40 8 to 43
Bonpr R8i. ngAbetmpenitbont a¢cppaiaadtabeleim9glaswphsredh the

he terpen onent A _cogpesition. o
gccording §8r8g§FnF2%P88ﬁBF|S Wﬁrlfﬁsbgpﬁegﬁrgg ot 160%
o 1000 ppaugénbhe bespenerall compenenbl d4d 26346~ A
conposi tion according to any one of clains 1 16 to 39
®hi ch i s dFapepsedw/W-water, saline, 17 aqueous
gextrose gl ycerol or ethanol to forma 18 solution
or suspension. 19 20 47. A conposition according to

16l ai neany preoedbadgtidt etabmdwhgchoi roludescadiept cagim

ent, an \ . .
l%g wherein the terpene component is associated

12 with a surfactant.

13

14 24. A composition according to any preceding claim
15 wherein the surfactant is selected from the

16 group consisting of sodium lauryl sulphate,

17 polysorbate 20, polysorbate 80, polysorbate 40,
18 polysorbate 60, polyglyceryl ester,

19 polyglyceryl monooleate, decaglyceryl

20 monocaprylate, propylene glycol dicaprilate,

21 triglycerol monostearate,

22 polyoxyethylenesorbitan monooleate, Tween®,

23 Span® 20, Span® 40, Span® 60, Span® 80, Brig 30
24 or a mixture of two or more thereof.

25

26 25. A composition according to any preceding claim
27 comprising 1 to 99% by volume terpenes, 0 to
28 99% by volume surfactant and 1 to 99% hollow
29 glucan particles or cell wall particles.

30

31 26. A composition according to claim 25 comprising

32 from about 10 to about 67% w/w terpenes, from



22 enul sifying agent or a pH buffering agent. 23 24

48. A conposition according to any preceding claim 25
wale@patdesl in a liquid human or ani mal food orPCREB2005/002011

drink material. 27 28 49. A conposition according to

any preceding claim 29 in a fprgmsuitable for ora

adm ni stration. 30 WO 2005/113128 PCT/ GB2005/ 002011

15 1 50. coppesition_accordipng to an i
2 to 46 PRCR Pot ntSurbatPer bl SR RCEaRt She' FEom
admi ni stragbent 48 Bo5dboht COOPORY i holaewogliognt 0
any one of clains 1 6 to 46 in_a formsuitable for
Bopi cal 7 BARFAFSEFaPToRellgwalbopantiElRBd of
preparing a hol low glucan particle 10 or cell wal
particle encapsulating a terpene 11 conponent, said
Bet hod7 conpr tsings { heost epsonflinglRoaynpgr pvededgng claim
terpene conponent; 13 b),providjng, a hollow.gl ucan
Barticle oggﬁE?gielﬁoﬁa%ngé?gi%PgFe{%ac?riﬁgﬂgéting
the terpene conponent with the 16 glucan particle or
cell wall particle under 17 suitable conditions for_ |
Ber peh8. 182 cnempenibi PBnacanydingdyor eeyverpAgdiRg claim
| ucan par}j I rticle
gncapsulat%%gkgggétgg%eﬁg@ggnggﬁggﬁént. 22 23 53. A
1oet hod according to claimb52 further

11 29. A composition according to any preceding claim,
12 suitable for killing mycoplasma.

13

14 30. A composition according to any preceding claim
15 wherein the terpenes used are food grade.

16

17 31. A composition according to any preceding claim
18 comprising an additional food grade active

19 compound.

20

21 32. A composition according to claim 31 wherein the
22 additional food grade active compound is an

23 antimicrobial agent or enzyme.

24

25 | 33. A composition according to any preceding claim
26 comprising an antimicrobial agent, an anti-

27 fungal agent, an insecticidal agent, an anti-
28 inflammatory agent or an anaesthetic.

29

30 34. A composition according to any preceding claim
31 further comprising an antioxidant.
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24 conprising the step of drying the glucan 25
particle or cell wall particle encapsulating 26 the
WO eoosand2gonponent . 27 28 54. A net hod accor dPeyGB005/002011
claim53 wherein drying 29 is achieved by freeze
drying, fluidised bed 30 dryimng drumdrying or spray
drying. 31 WD 2005/113128 PCT/ GB2005/ 002011 116 1 55.
met hod accordin p any one.of c| ai 52
ﬁhere?g i nft s?%ﬁp%g h%nt%?%%ﬁgl%% %ngﬁ?legg whe?in the
provi ded asgn@i SHSRLNST D FHsARaPHUSOYs SoLyRMh. C 45
56. A nethod according to claimb55 wherein the 6
3 erpene covpereit £s provided in association 7 with a
urfactant. 8 9 57. A nmethod according to claimb56
Wwherein the 10 surfactant is pol yoxyethyl enesorbitan
41 noneol eat @ombodi €ome eand ¢ &k dbmg of o alout pPedefibngl@laim
10% by vol une of the total reaction mxture. 13 14
63, A net hbd BRRoF FRELE o ahyY oAe"dfTcl ai ms 52 to 15
24 wherein in step a) the terpene conponent is 16
provided as a true solution in the aqueous 17 sol vent.
88 193%9. ZAmm@ﬁiat@@r@lwgrdbn@myoo@@yobnelafrrsl@izms 1
o 20 58 wh in in st h W an
%artlcle o?oeégl ma?lp%gf?ltlégg%e%r%gl g gg lngorm
iguspension in water or other suitable I|qU|d 23 24

60. A nmet hod according to claimb59 wherein the
11 38 A composition according to any preceding claim

12 comprising a dispersal agent which promotes

13 dispersal of the composition when placed into a
14 liguid.

15

16 39. A composition according to any preceding claim
17 in combination with an agriculturally, food or
18 pharmaceutically acceptable carrier or

19 excipient in a liquid, solid or gel-like form.
20

21 40. A composition according to any one of claims 1
22 to 35 suspended or dissolved in a liquid.

23

24 41. A composition according to claim 40 wherein the
25 liguid is water.

26

27 42. A composition according to either claim 40 or
28 41 comprising from about 500 to about 10,000

29 ppm hollow glucan particles or cell wall

30 particles, where the particles contain from

31 about 1 to about 67% terpene component.

32



25 suspension conprises approximately 1 to 1000 ng 26

gl ucan particle or cell wall particles per m. 27 28
w®2005A1318 hod according to claimb59 wherein theCREB2005/002011

particles are dispersed in a volune of fromthe 30

hydr odynam c volume (HV) to 1..5H4V of liquid. 31 WO

2005/ 113128 PCT/ GB2005/ 002011 117 1 62. A nethod

ccording to any one. of clains,52 to 58 erein_in.

B en 5} "Diie oo G SR ACPTRES 1€ ot P gDl Bing

particle is-drovbsled B50@ td &byuPoNder . pm BobBowAglucan

nmet hod according to any one of clains 52 to 7 62

Wherein i watepcksgs o eebktwakl iR2ERlF1ed swbareathe
t her | . 2005
T ey T e e U

i Cr oor gantsrpersai cdomd@namt hwdwconpri sing the step of;

13 - contacting said mcroorganismwith a 14

onposi tion conprising a hollow glucan 15 particle or
gell yal |l Darddch & €N6APSUESLENEy 46 anyeHRENEE claims 40
conponent. 17 18 65. A nethod of treating or
prevent i ngtd 2 otdmpr b ing dogtpeant abeat dl npprognd about

Ther apeut VoI AF of P FrvReBR e EbERREDL 1 on

1gonprising a 22 hollow glucan particle or cell wall

article 23 encapsulating a terpene c onent to the,
\1£4 pl &nt of @QWEQﬁ¥t+%np?%9?ﬁ@%9 tB°t ggma ¢ comgrising
2

1 between about 100 to 1000 ppm of the terpene
13 component.

14

15 46. A composition according to any one of claims 1
16 to 39 which is dispersed in water, saline,

17 aqueous dextrose, glycerol or ethanol to form a
18 solution or suspension.

19

20 47. A composition according to claim any preceding
21 claim which includes a wetting agent, an

22 emulsifying agent or a pH buffering agent.

23

24 48. A composition according to any preceding claim
25 dispersed in a liquid human or animal food or
26 drink material.

27

28 49. A composition according to any'preceding claim
29 in a form suitable for oral administration.

30



26 66. A method according to claim65 wherein the 27
infection of the plant is caused by a nematode. 28 29
w®7Z005A131e8 hod according to claim65 wherein theCT/882005/002011
infection of a plant is caused by a fungus. 31 WO
2005/ 113128 PCT/ GB2005/ 002011 111518 1 68. A net hod
according to claim67 mherein the 2 fungus is downy
£1IdeM/ powdery m | dew or g otrytis_bunch r E. f .5 1
9. A%et Hod %*‘?Jd‘fh%nt%c‘é?ﬂ;? e 6P oh% fecestt glagts
$8 wherei ncd hes pland #5rR SL2PEbYENLor TpaBerdal A
met hod according to any one of clainms 65 to 9 69
Wherei n t hedebmposiatbei s admi ni stered 21 10 days or
ess prior to harvest of a crop from 11 the plant. 12
3 71. A nethod according to claim70 wherein the 14
sonﬁositiqm dempekd 1l et esedofdinigaysooaniesse &6 piadms 1
to harvest. 16 17 72, A method accordin Iain171
Qherein the® 48 %%n%o%???oﬁu?Eagﬁﬁig?EtES%HC? days or

tess 19 prhoi io-harvest. 20 21 73. A nethod
according to claim 72 wherein the 22 conposition is

&dm ni stered 3 days or less 23 prlor to harvest.

R R RN R RCTR
10 or cell wall particle encapsulating a terpene
11 component, said method comprising the steps of;
12 a) providing a terpene component;

13 b) providing a hollow glucan particle or cell
14 wall particle;

15 c¢) incubating the terpene component with the
16 Qlucan particle or cell wall particle under
17 suitable conditions for terpene

18 encapsulation; and

19 d) recovering the glucan particle or cell wall
20 particle encapsulating the terpene

21 component.

22

23 53. A method according to claim 52 further

24 comprising the step of drying the glucan

25 particle or cell wall particle encapsulating
26 ‘ the terpene component.

27

28 54. A method according to claim 53 wherein drying
29 is achieved by freeze drying, fluidised bed
30 drying, drum drying or spray drying.

31



27 spraying. 28 29 75. A nethod according to claim74
wherein the 30 conposition is sprayed at a rate of 500
wa@Lida/ 103128 31 greater. 32 WO 2005/113128 PCT/GB2005/002011
PCT/ GB2005/ 002011 119 1 76. A nethod according to
claim75 wherein the 2 conpositi@n is sprayed at a
rate of 900 L/Ha or 3 greater. 4 5 77. A nethod
ccordi ng o cla 76 wherein_ the 6 nposi tion_ is
ot oy ot ath e {08y Tp "Sn g SETERT 1 8hmb 553600
A net hod a@@qﬁmf@lﬁolzarwtém%pftﬁéat@ﬁpéﬁet@om]@@nezﬁt is
wherein the conposition is adm nistered via
3rrigati orPravided 9 a FeSprester %%v@%t@@%e@ﬂﬁtﬁ@ivent
rovides a nmethod 14 of preventing or treating an
Infection in a 15 patient, said nmethod conprising the
Step ©; Abnetlhaolinaccstedimng to shaﬂmpEEiwheréhnathé
herapeutlcall effective dose CQpOS| iti
onpri si ng" %fﬁh%fﬂfF oW AR 15° p%JF‘PY%:‘F% 0 nc%F?O%?Flon
particle epcapsal ai+d-tA0ca terpene conponent. 21 22
80. A nethod according to claim79 wherein the 23
$nfection of the patient is caused by 24

e L TIN5 F N

1@neunoni aessurfactant is polyoxyethylenesorbitan

11 monooleate at a concentration of about 0.1 to
12 10% by volume of the total reaction mixture.

13

14 58. A method according to any one of claims 52 to
15 54 wherein in step a) the terpene component is
16 provided as a true solution in the aqueous

17 solvent.

18

19 59. A method according to any one of claims‘52 to
20 58 wherein in step b) the hollow glucan

21 particle or cell wall particle is provided as a
22 suspension in water or other suitable liquid.
23

24 60. A method according to claim 592 wherein the

25 suspension comprises approximately 1 to 1000 mg
26 glucan particle or cell wall particles per ml.
27

28 61. A method according to claim 59 wherein the

29 particles are dispersed in a volume of from the
30 hydrodynamic volume (HV) to 1.5HV of liguid.

31



27 28 81. A nmethod according to claim80 wherein the

29 conposition is admnistered orally, vaginally, 30
wo e@salilgs by inhalation, topically or by 31 pRCEGBe#0&002011

routes. 32 WO 2005/113128 PCT/ GB2005/002011 120 1

82. A conposition conprising a fwllow glucan 2

parthIe encapsul ati ng a terpene conponent for 3 use

nt preventjon_or treatment of _an 4 infection_ip,a
%atieﬁ%'orxamﬁkgﬂ?.acgoﬁgégg e?6Y gnﬁoPFoﬁﬁaﬁﬁgaEZ to
particle engapsytathngnastdpt By pene aenpenesiucant he
manufacture of a 8 nedi canent _for the treatment of an
Bnfection partdchat peneeliowail partiréeyse BFOVRERm as @

3 wherein e _j tion is 12 caused by Aspergillius
? dﬁglgbﬁﬁgf

um gat es, ofirnfa 13 honmeocarpa, Rhizoctonia

50l ani, Colletotrichum 14 grami nicola or Penicillium

gp. 63. A method according to any one of claims 52 to

7 62 wherein in step c¢) the reaction is carried

8 out at atmospheric pressure at a temperature of
9 about 20 to 37°C.

10

11 64. A method of killing a microorganism, said

12 method comprising the step of;

13 - contacting said microorganism with a

14 composition comprising a hollow glucan

15 particle or cell wall particle encapsulating
16 a terpene component.‘

17

18 65. A method of treating or preventing infection of
19 a plant, said method comprising the step of;
20 - administering, in a therapeutically

21 effective dose, a composition comprising a
22 hollow glucan particle or cell wall particle
23 encapsulating a terpene component to the

24 plant or to soil in proximity to the plant.
25
26 66. A method according to claim 65 wherein the
27 infection of the plant is caused by a nematode.
28
29 67. A method according to claim 65 wherein the
30 infection of a plant is caused by a fungus.

31
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1 68. A method according to claim 67 wherein the
2 fungus is downy mildew, powdery mildew or
3 botrytis bunch rot.
4
5 69. A method according to any one of claims 65 to
6 68 wherein the plant is a grape vine.
7
8 70. A method according to any one of claims 65 to
9 69 wherein the composition is administered 21
10 days or less prior to harvest of a crop from
11 the plant.
12
13 71. A method according to claim 70 wherein the
14 composition i1s administered 14 days or less
15 prior to harvest.
16
17 72. A method according to claim 71 wherein the
18 composition is administered 7 days or less
19 prior to harvest.
20
21 73. A method according to claim 72 wherein the
22 composition is administered 3 days or less
23 prior to harvest.
24
25 74 . A method according any one of claims 65 to 73
26 wherein the composition is administered by
27 spraying.
28
29 75. A method according to claim 74 wherein the
30 composition is sprayed at a rate of 500 L/Ha or
31 greater.
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1 76. A method according to claim 75 wherein the

2 composition is sprayed at a rate of 900 L/Ha or
3 greater.

4

5 77. A method according to claim 76 wherein the

6 composition igs sprayed at a rate of 1200 L/Ha

7 or Jgreater.

8

9 78. A method according to any one of claims 65 to
10 73 wherein the composition is administered via
11 irrigation.

12

13 79. The present invention further provides a method
14 of preventing or treating an infection in a

15 patient, sailid method comprising the step of;

16 - administering to said patient in a

17 therapeutically effective dose, a

18 composition comprising a hollow glucan

19 particle or cell wall particle encapsulating
20 a terpene component.
21

22 80. A method according to claim 79 wherein the

23 infection of the patient is caused by

24 Staphylococcus aureus, Aspergillius fumigatus,
25 Mycoplasma iowae, Penicillium sp. or Mycoplasma
26 pneumoniae.
27
28 81. A method according to claim 80 wherein the
29 composition is administered orally, vaginally,
30 rectally, by inhalation, topically or by
31 parenteral routes.

w
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1 82. A composition comprising a hollow glucan
2 particle encapsulating a terpene component for
3 use in the prevention or treatment of an
4 infection in a patient or a plant.
5
6 83 Use of a hollow glucan particle encapsulating a
7 terpene component in the manufacture of a
8 medicament for the treatment of an infection in
9 patient.
10
11 84. The use of claim 83 wherein the infection is
12 caused by Aspergillius fumigatus, Sclerotinta
13 homeocarpa, Rhizoctonia solani, Colletotrichum
14 graminicola or Penicillium sp.



