WO 2005/113128 PCT/GB2005/002011 1 COMPOSITIONS
CONTAINING A HOLLOW GLUCAN PARTICLE OR A CELL WALL
PARTICLE ENCAPSULATING A TERPENE COMPONEN
VYIERTAKING AND USING THEM 4 The present invention r;ﬁg%gg%ﬂ%%@en
compositions 5 comprising terpengs 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 i0
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 (C5HS8),,.
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 Al),
squalene, thymol, WO 2005/113128 PCT/GB2005/002011 2 1 tocotrienol,
perillyl alcohol, borneol, myrcene, 2 simene, carene, terpenene, and
conbbeteebid 4okespenes arecciassitiedas Generally Becognizedas Baferie
{ERAG). andday e heenw sedHfarmanyyearnss roth @z Grftaveuring aed e
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 compounds. 9
Furthermore, terpenes have a relatively short life 10 span of
approximately 28 days once exposed to oxygen

4 The present iﬁvention relates toc compositions

5 comprising terpenes and hollow glucan particles or
& cell wall particles and methods for pr@paring such
7 compositions.  The compositioné increage terpene

8 stability and activity and provide a suitable carrier
g for the terpenes. The invention also relates to
10 methods of using such compositions im the medical,
11 veterinary and agricultural fields.

12

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

15 egsential oils. Their building block is the

16 hydrocarbon isoprene (CsHgln. Examples of terpenes
17 include citral, pinene, nerol, b-ionone, geraniol,
18 carvacrol, eugenol, carvone, rerpenicl, anethole,
19 camphor, menthol, limonene, nerolidel, farnegol,

20 phytol, carotene (vitamin 2.}, sdqualene, thymol,



11 (e.g. air). Terpenes will decompose to C02 and 12 water. This
decomposition or break down of terpenes 13 demonstrates the safety and
Viro tal 14 friendliness of the compositions and met
W?n%g{r;ﬁ%{rgﬁl% 17 Terpenes have been found to inhibit the gﬁvﬁﬁ%ﬂ%fg&ﬁm
cancerous cells, decrease tumour size, decrease 19 cholesterol levels,
nd have a biocidal.effect O.micro- ni in_vitro. i
(?Lette?g?ﬁ’ oot %\%%ﬂjéd I\ﬁi%fggié’olgygi%@é,gg(;g%kg?ﬁ%), S owe%%g that
growtteritegisewithanerethare0maseitraldeducéde2® 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
bsed SBOXBRATECRIT oF TS eplic Gl ST 2 b7 b ABrPRiot 53845856
teachesdhat aderpenesfiosnd:ne284ice hassantfungakastivityatbSiRatemnd
No. 29 5,939,050 describes an oral hygiene antimigrobial _30 product with
8 combin&HoH ot 2% % terpeRas tﬁgté/ gﬁ%%loeﬁe’d acli%%?rgi%%iclgfférgtgs ot
SeveratitSaPatentsp82qidiBaPaient Nas 54 #677h 584 %96 rther
,618, . 5/ PCT. 0 :
2 562 927 B 300 670, 5, 730985) foach 2 hat ot e of Slponar
8mulsiBig FagsTeBRtintieichaIcadivant SarfPdehiers rogenies. a1 fe
1 herpengs-haverbeen founeta be.effectiygandroniokie s-dietary oxygen
anti-tumor agents, which act through a 6 variety of mechanis(gns of action
LeerowelFetsal. #6it: ReV-EITYY, 1894, ?f%@@?&r&v@eﬁ et d1™8 Adv.
1Bxp. Med:8ial., 189%6; 484 48p<E36)1 Fhe-térpenss gevamiol; técotriensls
ﬁerillyl glcoho

emonég¥ates the safety and environmental

14 friendliness of the compositions and methods cof the
15 invention.

16

17 Terpenes have been found to inhibit the growth of
i8 cancerous cells, decrease tumour size, decrease

19 cholestercl levels, and have a biccidal effect on
20 micro-organisms in vitro. - Owawunmi, (Letters in

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

24 a bactericidal effect. U.8. Patent No. 5,673,468

25 degcribes a terpene formulation, based on pine oil,
26 used as a disinfectant or antiseptic cleaner. TU.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 ghowed a synergistic effect. Several U.S. Patents

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



10 ionone, and d-limonene, suppress hepatic HMG-CoA 11 reductase
activity, a rate limiting step in 12 cholesterol synthesis, and modestly lower
woRlesterpl 13 levels in animals (Elson et al, J. Nutt., 1994 ,144: gl ths /002011

07-614). D-limonene and geraniol reduced mammary 15 tumors
(Elegbede et al. Carcinogenesis, 1984, 5(5): 16 661-664; Elegbede et al.,
J. Natls Gancer nst. -17:1986576(2); 33% 325 Karlson et aboAnticancer 18
Drugs, 1996, 7(4):' 422-429] and suppressed the growth 19 of
Transpldiéd tarmers Y 58P es, 35AGH I FOB PR Che FIUIGIS TR Rave
2144-2147),121-22 iTerpenes hayaalseheen Sourd ta inhibip e newtro
23 growth of bacteria and fungiéChaumon et alggAnn., 24 Ph%rm
4992, B6E3S158- 166 MORTAr 6PRP 25 Tt°F. £568 Mictobior, 19
$6(4): 338342 ant:-26 Pattmaileetak Micvdbios 1397, 18858} 39-46)

nd 27 some internal and external parasites (Ho o 2Am.
Vet. M‘é%r%\%eggcoféggg%&% Oé{%og?ig%e@ﬁ%%v%is fegtusn%izib inhibit
growthofiCandiga- 30:tbizans HESa&dRaronyces icefeddie stfding by
31 enhancing:the rate of patassium:leakage and 32 distupting memebrane
fluidity (Bard et al., Lipids, WO 2005/113128 PCT/GB2005/002011 41
9998, 2500)554-558Y 2B46none NA8 Hntiititdal PECtvityWhith WaS T 2~

1gdetermine@dhy inbibitiop-ofisperend germyipatiery anshgroivthrintibition in
agar (Mikhlin 4 et al., A, Prikl. Biokhim. Mikrohiol, 198 1 795- 5 803;
120N ac ST AR AT e PERTPA b 1850, 28 a7 207,
1Teprenonel Bégenany|gerahlaséone)asiadaatibactefigpafeso et arol
1Rylori (shii 4t J, Med: Mierobjgh Violee a1, 7. wNutr., 1994, 124:

CFr, .
ErltO:x::lC

14 607-614). D-limonene and geraniol raduced Mammary
15 rumors (Elegbede et al. Carcinogenesis, 1984, 5(5):
16 661~-664; Elegbede et al., J. Natl. Cancer Inst.,

17 1986, 76(2): 323-325; Karlson et al. Anticancer
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., 1982, 50{3): 156-166; Molevar et al.,

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

26 Pattnaik et al. Microbios, 1897, 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,



9 Parasitol. Infect. Dis., 1993, 280(1-2): 239-243). 10 Rosanol, a
commercial product with 1% rose oil, has 11 been shown to inhibit the
W rg)[wairl]l(%fusgeveral ba_cte.ria 12 (P_seudomonas, Staphyloco%T)éB%}]g/@an
. pylori). 13 Geraniol is the active component (75%) of rose oil. 14 Rose
oil and geraniol at a concentration of 2 mg/L 15 inhibited the growth of H.

ylori 'r%igro. %)E%ﬁ ,16593x5r_a§,§%§r9m ggﬁp&{&l%di iggsg}gyff%%@own

o 17 have'an inhibitory effect in'H. pylori, the most 18 effective being
Yecursinolangelars: deeursia, €9 ReEgHEIBR berbdire. thiamicacigPore
decursinal, and, 20.0lligacig-(Be:etial Biol Pharmy Buks:1 998 k81 in
21(9) 990-992). Extracts from cashew apple, 22 a,nacardié| glcid, agn_d 795
#E)-2-Kéxéral habve oWt 2 PBRSR Bl effEePAgdinst EF pylott 247 95
Diterpenes, igx1 icheraldal Afeam Rh2E Tdthomahay, haleshowata: ,
very strong antipacterial .27 effect against H. pylori (Kadota et al.,
Eentra{b?.a 8 égkteﬁéﬁig%%? 287 19)% %?3%?29 30 Solutions of 11
differentterpapdy wsresiectvens )3 hmikitingmié growerérgathbiefie

bacterig inin 32 yitro tesis;leyelsranging befween 100 ppm and000, |
WO 2005/113128 PCT/GB2005/002011 5 1 ppm were effective. The

ferpenBswasrtdifited T SoRatdtiiith 158 PolysorbHd 20 (Kifr eT4r2J. -
1Agric. 3,Eead Cham @95y 482 2839:28485). 415 hete maebe diffensnt

modes of actign of terpenes 6 against microorganisms; the d() ...
HhterfeRERRN=PIHE phBSPRATBIA bisyEr SF (A Gel herbrare. er

12 (Pseudomonas, Staphylococus, E. coli, and H. pyvlori) .
13 Geraniol is the active component (75%) of rose oil.
14 Rose oil and geraniol at a concentration of 2 mg/L

15 inhibited the growth of H. pyvlori in vitro. Some

18 extracts from herbal medicines have been shown 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)-Z-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 Baktericl, 1997, 287(1): 63-67).

29

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

32 vitro tests: levels ranging between 100 ppm and 1000



8 impair a variety of enzyme systems (HMG-reductase), 9 and (3) destroy
or inactivate genetic material. It 10 is believed that due to the modes of
wat L‘BE‘;H&H& terpenes being so basic, e.g., blocking of 12 chglesteral thal) .,
infective agents will not be able 13 to build a resistance to terpenes. 14
15 There are, however, a number of draybacks to the use 16 of terpenes.
These pelude; 17 fietpengs are fiquidsyuich san pake dhem difioult 18
fo hantife and unsuitable for cértain purposes. 19 - Terpenes are not very
Fniscibleith wateR drid RO2U YRRty FiquirEsth&lusalof deterdefits 21
surfactants orether emulsifiers 10 prepare; 22=aqueous emulsions. A
stable solution can, 23 however, be obtained by mixing the terpenes
fnder 24 high shear. 25 - Dry powder terpene formulations generally only
26 contain:a: oy percentage wfenaf teqdeneso 2 7actempenes drexmrenedo
xidation in aqueous 28 emulsion systems, whic I tor
0 OB 0 S TR et 1o B et S e S
Spray cdeing; exiiusion; toabéhaiiien, afolébwarWO Z00%TEZE8 (2)

BCT/G 002011 6.1 encapsylafion, apd spray diyinglicoglingdae)

provide 2 ingredient delivery systems. 3 4 Baker's yeast cell walls are

Berived R HakErs B JeasicaliRasid ¥rd BoFpogsd o e fsdidble 6 ©
1hiopolyyaerssR1b3eglucan - dul-glucarh anayirsand action of

11 terpenes being so basic, e.g., blocking of

i2 cholesterol, that infective agents will not be able
13 to buildé & resistance Lo terpenes.

14

15 There are, however, a number of drawbacks to the use
16 of terpenes. These include:

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

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

21 gsurfactants or other emulsifiers to prepare

22 agqueous 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 technigques of

32 spray coating, extrusion, coacervation, molecular



7 chitin. They are typically 2-4 micron in diameter 8 microspheres with a
shell wall that is only 0.2-0.3 9 micron thick surrounding an open cavity.
i erial has considerable liquid holding capacity, i
wahé%}fﬁ% -25 times its weight in liquid. 12 The shell is Suﬁﬁ%&%&/mzon
porous that payloads up to 13 150,000 Iaaltons in size can pass through
he outer 14 shell and be absorbed intg the hollow cavity of th .
pheri?glcﬁlgrﬁlé e?%la?(%f's%/%%sf’ geffwa gﬁfh%{l,g/ligég%,% altuéni%)ﬁjg%lde
properiiegrindhuating feat sehility vEL ¢819): to 121C), shear stability, pH
§tabi|ity (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
ompdBRIBRT ContaRSRattral: 27anPhEalthy Greiai§dib S thatteiver 22
gardiovasadarand imgumopsteniatiosshealthy 28-Renefiis124125 Yeast
cell walls are_prepared from yegst cells by the 26 _extraction and
BurificaisP S #EShE oltibte 57@3%&?13&%?%@&?&16%&%% SR and
compogehts of 28rihevyeast celloThe Ylggal ckllmiaisscan hbe@®xmeter
roduced from the insol bypr o st oxtract f Ie.
Eurtheﬁjtﬁg{%/%%%?ég%s ‘ggk‘?%e%%%%?efaﬁte%xv%ﬁ—h glin? aé%xuie% ué%%%g%ig' ’
Solution L without IBCHiSFSTH R RS YASA e RN SC WcHY digeSis the WO
13005/113128:RE€T{(382005/0020111,7<l profeincand intracgllulas peoriign of
the cell, 2 leaving the yeast cell wall component devoid,of 3 si ni#cant
%roteinté@’ritﬁﬁ%iﬁé(ti@rlﬁsd?ﬁz’ﬁﬁ\ﬁna%éuﬁ&@ﬁﬁal%e%@?e&%e e
1structurenef 5E63(1-6)anrd:13)dinked gocans: Anzarergetadedis up to

13 150,000 Daltons in size can passg through the outer

14 shell and be absorbed into the hollow cavity of the
15 spherical particle. Baker's yeast cell walls have

16 several unigque properties, including heat stability
17 {e.g. to 121°C), shear stability, pH stability (e.g.
18 pH 2-12), and at high concentrations they do not

19 build significant viscogity. In addition to its

20 physical properties this composition contains natural

21 and healthy dietary fibres that deliver

22 cardiovagcular and lmmunopotentiation health

23 benefits.

24

25 veast cell walls are prepared from yeast cells by the
248 extraction and purification of the inscluble

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



6 description of whole glucan particles and the process 7 of preparing
them is described by Jamas et al. in 8 U.S. Pat. No. 4,810,646 and in
O- ing. patent 9 applications U.S. Ser. No. 166,929, U 0
Wg’glﬁ‘]%ggg%sd U.S. Ser. No. 297,982. US Patent No. 11 6,21%,?545;2’1’%‘“'0}81
assigned to Novogen Research Pty Ltd.,?(12 describes a method of
reparing yeast glucan 13 particles.by alkali extractign, acid extraction
gnd ﬁﬁ%ﬁ %&t%%%oﬁ%f% an %Jr‘é%r%]é SoNent and %na yelge r)f;‘i'ng. us
3,401,72Zvassighbe to #S:Bictedh 18aMackoymah disclekesrthé méthods
of obtalning;yeast 17 glucan;partigles.and, methads ofusing them to
promote "18 resistance in aquatic animals and as an adjuvant for 19
¢accin&tibns.an 65687, 677 ad8RyREaH6AIBRABERL 20 ecHRbIISY ME.,
disclosggithe uss.af haliow wholeRd glycarpagicles.assrdelivety i Led
packae%:a and adjuyvant 22 for the deIiveré of a vgrie;y of g;rrré%ceutical
53 agetits CFi@ teathifgs BFfietalfoviiAenkisied patehts ™24 ahg o 0ce=s
applicaionsrasesintarparatad Hereifteby 2bxefeiencéandts2 2 Othér types
gl yeast and o) cglie ave el alls, A8 tha do.noLcentain gaican. The
cell walls of such ' 29 yeast and fungi can be isolated by similar techniques
30 to thosd hrartiorred dbdve toesbtaliPeell (al BPpalickes. 532 wo -

13005/1131 28:3CT/GB20Q5/09201 1,8 1 Adelitionallytbecalls:af many
plants, algae, 2 bacteria and other micro-organisms also_comprise a 3 cell

Wvall. TRe shrtichiré artF EdmipBEitbn STHETER FWaAFvATes bewdst -
1micro-grgasisipeluttinmgenesal ibf preparing yeast glucan

13 particles by alkali extraction, acid extraction and
14 then extraction with an organic solvent and finally
15 drying. US 5,401,727, assigned to AS Biotech-

16 Mackzymal, discloses the methods cof obtaining yeast

17 glucan particles and methods of using them to promote
18 resistance in aguatic animals and as an adjuvant for
18 vaccinations. U8 5,607,677, assigned to Alpha-Beta
20 Technclogy Inc., discloses the use of hollow whole

2% 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 doc not contain glucan. The cell walls cof such
29 veast and fungi can be isolated by similar techniques
30 to those mentioned above to obtain cell wall

31 particles.

32



5 is a robust and relatively inert structure. it is 6 possible to obtain cell wall
particles derived from 7 such cells through conventional techniques, such
s. 8 those mentioned above in relation to yeast. 9 10 We
"“%&r‘%‘ﬁ‘é% 8erpenes can be taken up and 11 stably encaps%%a%z(éﬁ\%%{ﬁﬁmn
hollow glucan particles or 12 cell wall pasrticles. Encapsulation of terpenes
into 13 dst(gph,parti S car%be ac 'Hfavedgn{nincubaﬂggl ,gf the@L 14a%articles
with tHeYerpeREe1s e Adording fo the present mvention here is
provided ct2aicompdsiticheacomprising erigelole ghucahsparticoori 48 a
cell wall partigle, encapsyllating g terene. 19 companent.; 20 2JeThe derm;
hollow glucan particle” as used herein 22 includes any hollow particle
dompriging- glticahess Be2Y S CIUraF EoMPORBAETThU In pRItEERGT the 1 ©
term 24iinglydas.yeasheell walls: (iR euyified oF crade 25dHeras) orholew
whole glucan particles. The term 26 "cell wall particle” refers to a particle
EomprRiTT S the RafDF & ERIFGT 4 ﬂ[ﬁﬂfﬁedp&r&h‘agﬁ%rrﬁf%v\?/ﬁe gin
glucansis 10t @=stiuctural @eshpenent=29 Switable: patiiclesimeludeiitie call
alls of plant, 30 algal, fungal or bacterial cells | wal articles
\genera yor%?aiﬁn?ﬁé %ﬁ%%é ot the cell from 3. %vtﬁlg(::h ?hg/éégr%e%erived, and
thus, like a hollow WO 2005/113128 PCT/GB2005/002011 9 1 glucan
1particle, proyide a ollew centeal cavity. 2 suitable far gacapsuating tha
terpene component. 3 ,
11 stably encapsulated within hollow glucan particles or

12 cell wall particles. Encapsulation of terpeneg into
13 such particies can be achieved by incubation of the
14 particles with the terpene.

i5

L6 According to the present invention there is provided
17 a composition comprising a hollow glucan particle or
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 inciudes veast celi walls (in purified or crude

25 formg) or hecllow 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. cell wall
31 particles generally retain the shape of the cell from

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



4 For the present invention it is necessary that the 5 hollow glucan particle
or cell wall particle is able 6 to stably encapsulate the terpene
component. In 7 general this means the hollow glucan particl ell

W\ﬁazl?%élrﬁciﬁes must be able to maintain its structure 9 during ﬂ%ﬁég %kﬁ%\(/}lzt '
the terpene component 10 (generally the9terpene component is at a
elatively 11 high concentration), and that terpene component must 12
e A At e b A Mol GIAaH, $3 Dot S At 2ol
Wall particlesidre deneraligddsfoimedfipm relativetydnert coateciadsiand
are 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
ferpenBTonPEn &S I8 10 CORPHSiEBNS Bcésrdis 86 B Breseht the
inventigpare 28 effestive against vasipusdnfective ageats-ineluding 211 e
bacteria, viruses, mycoplasmas, fungi and/or 22 nematodes. 23 24 The
gompo%ﬂi&@é%raﬁ]@aﬁﬁsfﬁ%aﬁ%sg%ﬁn%ﬁﬁ)&ﬁlez§85ﬁ%?8\%e thé™
following:aslvahtageis: 26eamaximiseielfene payload; 22 rniinlmiser cell
ynencapsulated payload; 28 - gontigl payioad stapility; 29 ; control, .,
payloadre case Kinetics; 30 - creation ot a solid form of a |quid5terpene to
31 incriéasénte ashand unifolhity 32 - shupkfyharriingrat

18PPlCaionQhieReNes AL 2005 28R CTUCE2005M02000, 2071
- mask the smell and taste of the terpene. 2

11 high concentration), and that terpene component must

12 be able to migrate into the particle. Hollow glucan
13 particles and cell wall particles are generally

14 formed from relatively inert materialg and are

15 poroug, 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 Compositions according to the present invention are
20 effective against varicus infective agentsg 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 payvload;

27 - minimise unencapsulated payload;

28 -  control pavload stability;

29 -  control péyload release kinetics;

30 - creation of a sclid form of a licuid terpene to
31 increase the mass and uniformity:

32 - simplify handling and application of terpenes; and



3 Particularly suitable hollow glucan patrticles or cell 4 wall particles are
fungal cell walls, preferably 5 yeast cell walls. Yeast cell walls are
preparations 6 of yeast cells that retain the three-dimensio (1
gf‘”'t@é/ %/163611%? cell from which they are 8 derived. Thus they hg%|£7g%¥gh:é§v5§011
structure which 9 allows the terpene c onent to be encapsulated 10
within the yeast cell walls.. The gﬁsst walls %&ayﬂ%l %uétrabé\{?be derived
From BakeP&S/East Eefi'T 2 (adaitalidHom Sigma Chémical Corp., St.
touis, 13 MO). Yeast cell wall particles with desirable 14 properties can

Iso b oybtaine%% m Bigrigin (Saq. 15,Paolg, Brazil) under thetrade ce11
%ame %ﬁTﬁéﬁP %5?“1@ %ese partit?les ér:lre a spray dried extract of S.
47 cereviblacat8 19 At riativE prradies aké these Rnowh BysiFeHade

20 names SAR:=Mannan (SAF AqrhMinbeapolis M) and 2L-MHrex:ions
(Sensient Technologies, Milwaukee, WI). These_22 are hollow glucan
barticles thfate the InsolibRb ¥ Hate sreEmHromEhe VEALT exttact
manufaeting 24presse Dusingttheqiroddeiion ehyeast@wractsthe 25
soluble,components of partjally autolyzed.yeast cell ved and
fhe ins%ﬁﬁﬂéfp ?gsidug?i%l % stthte I?ehaé’ maatgﬁgifgwtegrﬁgﬁﬁggg%% %%se
hollowaglicars 281particles oo priswapproxirhatehe 25r35%Beta 780
1b:3-OluggD . 4 key.alidbuia of thesermateriale. J0.ace.thalthey cegtain
more than 10% lipid w/w and are 31 very effective at absorbing terpenes.

1fh addifien CARS 2008/ PR3P CRYEB2BBSRI0 D 1MS3FT 145 4 aste

:L%treafln Rreduck they ares relagvelycheap-2isames of hetlowrgludan
particles.
13

=

MO) . Yeast cell wall particles with desirable
14 properties can also be obtained from Biorigin (Sao
15 Paolo, Brazil) under the trade name Nutricell MOS 55.
16 These particles are a spray dried extract of S.
17 cerevisiae.
18
15 2lternative particles are those known by the trade
20 names SAF-Mannan (SAF Agri, Minneapolis, MN) and
21 Nutrex (Sensient Techmologies, Milwaukee, WI). Thaese
22 are hollow glucan particles that are the inscluble
23 waste stream from the veast 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 marerial for terpene loading. These heollow glucan
28 particles comprise approximately 25-35% beta
29 1,3-glucan w/w. A key attribute of thegse materials
30 are that they contain more than 10% lipid w/w and are

31 very effective at absorbing terpenes. In addition,



3 4 Alternative hollow glucan particles which have higher 5 purity are
those produced by Nutricepts (Nutricepts 6 Inc., Burnsville, MN) and

ASABiotech. These 7 particles have been alkali extracted, whi i
W8 AUaHLHAT intracellular components as well as 9 removesﬁgég(?l%t%rr&?{}ﬂ%n

mannoprotein layer of the cell wall 10 yi'eilding a particle of 50-65%
tglucan w/w. 11 12 Higher purity hollow glucan particles are the WGP,
ParticlB€ o ﬁgﬁoﬁﬁﬁﬁéﬁﬁégﬁﬁg. i%é%’é i %a?ticﬁgg %?Fé acid rbdp
Bxtracted: reraovihgradditienall L5 3reast compoaents yielding a product
375-85% glucan 16 w/w. 17 18 Very high purity hollow glucan particles
are Adjuvax'M 19 from Alpha-beta Technology, Inc. (Worcester, MA) and
20 mickdpartiealEy Bean RN NevBBeRISRIRoPE, CIy Ch1bmgsdieher
particlgs are prganic sehentexyactatiwbichu2:rempuas residual digisiss
and sd, the particles comprise 23 more than. 90% glycan w/w. 24 25 In
Some &RfbodiRBRESY higte pullty gfiidnaricie o %‘Cellqﬁvaﬁﬁgarticle
may be4eguiredsfonexanpemharea?? stridthcantrefiovenpodsiblenoves
ontaminants is 28 required. in these instanc t jgh rity . 29
%articlgsg (\%b%lrg %%%pré%F§§ 8%}1 %ﬁ'urer géns% E)%?}Eélh % %%d%%?sli I%FF other
embodirrents;thélesoptry Jlepatilstrbildisy prefefred¥er 68dnomife 1

ibeasorlii&%%%o%( 3128 BCTGB200%/092811 L2 L.ihpse particles

_have dlso beenfound to be more 2 effective at absorbing terpenes.

12 Higher purity hollow glucan particles are the WGP

13 particles from Biopolymer Engimeering. These

14 particles are acid extracted wemoving additional

15 veast components yielding a product 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 ricroparticulate 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. i

24

25 In some embodiments a high purity 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

28 particles would be preferred aver other less pure

30 products. For other embodiments, the less pure

31 particles would be preferred fior sconomic reasons;



3 4 Preferably the hollow glucan particle or cell wall 5 particle has a slight
lipid content, such as 1 or 2% 6 w/w lipid. A slight lipid content can
increase the 7 ability of the particle to encapsulate the terpg,
e >B2005/002011
W o%%obsgr]]%lr%ﬁ Preferably the lipid content of the 9 hollow glucag%g}?ﬁc e/or

cell. wall particle is 5% 10 w/w or greatfﬁ, more preferably 10% w/w or
reater, 11 12 Optionally the terpene component of the present 13
3f%ventt(‘}?‘nocﬁ,gn }B%Ig:slsglcaée% With & {;%?f;??:%gnrtlf ‘gfﬁgnf{4 Eﬁ?r actant can be
hon-ioaid; satibnic, ot aniorich 15 xanpiesssf suitable surfactants
include sodium 16 lauryl sulphate, polysorbate 20, polysorbate 80, 17
polysorbate 40, polysorbate 60, polyglyceryl ester, 18 polyglyceryl
fnonodlsats crRiebiyeery HROAGERFIYIRED 1055TbpYERe dlyES dickbritate,
triglycgrol 20-manpgteasate; pglyoxyeindenesorbitan, masroleate, 31 2%
Tween(g, Si_an(r 20, Span(r). 40, Span(r) 60, S%an(r 80,.Bri% 22 3ther
Fnixturé€thersdt SFhe SBuRACHNE attPiTh ™25 e WEFpehaComponent in
an emylsion and@tsa hesistsr 2dcdrcapsuatipefthetterpdree cempeanent
to the Z ollow glucan paticler o ¢alL, WalLRAITCls, 2 ¢7oEne falpene
omponerﬁ ot the present inventioh can comprise a single terpene or
aimixtireldftermEnesm PMikires of ferpehes EahlreBalE i Syferfist®30

1§ffects, 31 WOLQ05/113128 PCT(B2003002034 43, bhededncer.

"terpene" as used herein refers not only to 2 terpenes of formula
1{C5H8)N, but also encompasses

12 Optionally the terpene component of the present

13 invention can be associated with a surfactant. The
14 surfactant can be non-ionic, cationic, or anionic.
15 Examples of suitable surfactants include sodium

16 lauryl sulphate, polysorbate 20, polysorbate 80,

17 polysorbate 40, polysorbate 60, polyglyceryl ester,
18 polyglyceryl monooieat@, decaglyceryl monocaprylate,
19 propylene glycol dicaprilate, triglycerol

20 monostearate, polvoxyethylenesorbltan, monocleate,

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 c¢f the terpene component into the

25 hollow glucan particle or cell wall particle.

26

27 The terpene componeﬁt cf the present invention can

28 comprise a single terpene or amixture of terpenes.
29 Mixtures of terpenes can result in synergistic

30 effects.

31



3 terpene derivatives, such as terpene aldehydes or 4 terpene polymers.
Natural and synthetic terpenes are 5 included, for example

Wrg?%c%;lelr epes, sesquit_e_rpenes, 6 diterpene;, triterpenes, al;]gT/GBZ(}ngrﬂé()ll
tefraterpenes. In 7 addition, reference to a single name of a compoun
will encompass the various isomers of ttl@t compound. 9 For example, the
erm citral includes the cis-ispmer 10 citral-a Qr iarl an h% 1v
%rans-i’g%?netrec:ﬁ?al-geff (%ener%ﬁ. lige B@fte ghoﬁ%%gﬁot)%d t%ét teI-FLpgneéo
are alsekpewasye i 4tbemalned Offthe: exPabt GrlesscitiaPBPAFRETF 15
gontaip dhem, £.g;lemangrass oil icpntains cikale S L4 Jbe Jgmenss
which are exempted from US r%%ulatlons 18 and which are listed in EPA
fegulafiRREFE. PRIPHFESO 152 iEBrp SRt FHENT by TefefEREE fTitE T ©
R0 entiraty)aesuitable toraseiia thisrioventiomea] 2243afiiCularyenes,
guitabl terpenes for use,in the é)regent 1% in\e/aecrlrt‘iﬂqtn@ijpctleuxgjestho%m

elect &?r%ﬁ?ﬁ%leeﬁr‘o&prﬂ%%% %ﬁng of citral, plnene,%ercﬁ, b-iondne, 25

geranielidarvacrol, eufenehcarrone (for eyxamplehe 26 Tarvoneiyound
%erpe%i%”%ﬁfﬂc?&%pcéé‘%p@{e menthal, 27; thymal.dimenenge, nerglidal, 5
arnesol, phytol, 28 carotene (vitamin Al), squalene, thymol, tocotrienol,
29 perfilgt aRERBP KROrNESE NRATENE L§ikTenel tarées 30 iergehenes omer

1 inalook apdmixturestheteain3dt WO-2Q05/4 13128.RCT/652005/002811 1
14 1 Preferably the terpenes used in the present invention 2 have the

Lgeneral Srutfid'c¢i:0H16 as this sub-group is

12

13 It should be noted that terpenes are alsc known by

14 the names of the extract or essential oil which

15 contain them, e.g. lemongrass oil {contains citral).
la

17 The terpenes which are exempted from US regulations
18 and which are listed in ERA regulation 40 C.F.R. Part
1S 152 (incorporated herein by reference in its

20 entirety) are suitable for use in this invention.

21

22 Particularly sultable terpeneg for use in the present
23 invention include those selected from the group

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

25 geraniol, carvacrol, eugenol, carvone (for example L-
26 carvone), terpeniol, anethcle, camphor, menthel,

27 thymol, limonens, nerclideol, farnesol, phytol,

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

31



3 generally more effective against infective agents. 4 5 More preferably
the terpene component comprises a 6 terpene selected from the group
consisting of 7 geraniol, thymol, citral, carvone (for example #g ,
Wé)uzgog?{cl)][:'g%% b-ionone. 9 10 The terpene component can stitat (I;)/%zilg&%}]%11
comprise thymol, 11 as this terpene haE%)een shown to be particularly 12
ffective in.treating or.preventing fungal plant 1?£h1'Lpfe tions. 14 15 ¢
inothérI g%r?fé%%égr écl}?[%b 5 %]r%%%% ?él%ﬁél Whic elg) gg eemons‘%ﬁaﬁeé’ Ion
particutarveffichey agafst i mimbeb R0 midro-6fydrisAs SIS -EFr pup 18
§°m_b"%%%_9‘199%%‘@&%‘&1%@“9@%&@@ 20:demonstratedh s .
particular efficacy in combating plant 21 infections, and is thus a
particularly suitable 22 terpene component. 23 24 other terpene

formulationrs whigh-have shews highpdbeflicagydndreatingaites a

infections include 26 (percentages are w/w): 27 - 100% thymol; 28 - 50%

geranioFaRg 5805 ﬁiﬁﬁ&e%ﬁ Iggﬁ%t Eelﬁggﬁ)gﬂléjnd: gﬁ%lt?}%/ﬁ;\l(ﬁ; 36 - 33%

geranigk 3384 elgenbland 33&4 thyafol; c3lrvE88% édgenak38%6.-thyimol
nd 33% cifral;. .32 - 25% raniol, 259 ol, 25% thymol and WO

SR R R

S

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

5/002011 15 1 25% citral;

The terpene component can sultably comprise thymol,
as this terpene has been shown to be particularly
effective in treating or preventing fungal plant

infections.

Another particularly sultable terpene is citral which
has demonstrated particular efficacy against a number

of micro-organisms.

A combination of geraniol, thvmol and eugenol has
demonstrated particular efficacy in combating plant
infections, and is thus a particularly suitable

terpene component.

Other terpene formulations which have shown high
efficacy in treating plant infectioms include
(percentages are w/w):

- 100% thymol;

- 50% geranicl and 50% thymol;

- 50

o

eugenol and 50% thymol;

- 33% geraniol, 33% sugenol and 33% thymol;
- 33% eugenol, 33% thymol and 33% citral;

- 25% geraniol, 25% esugencl, 25% thymol and



2 - 20% geraniol, 20% eugenol, 20% citral, 20% 3 thymol and 20%
L-carvone. A 5 Accordingly a terpene component comprising any of the 6
above formulations is particularly suitable for use 7 in the p
WRGERoR 8 9 In one embodiment the terpene component ﬁgg?gﬁ(}e‘m”
10 or more terpenes which contain oxygen. Citral, for 1i example citral 95,
is an oxyger?%gd cC:l OrH1_L6_ terpene, 12 C10H160 CAS No. 5392-40-5
1(3,7-dimethy -2,6-0C adien- 13 1-al). A stable suspension of citral can be
Formed 14 uptte afsoutr250, pRrd Citvalecanibe fddeintoall5 sBRition at
4p to about 5:%%$m ébﬁata%% syspensian .16 of hollow glucan particles
Incorporating citral of 25 17 ppt citral can be made. 18 19 The
“£omposition of the invention can comprise 1 to 20 99% by volume
derpengs, 0192990 pyvelumessi fagiaBb2dnanddng9Worhwllow gluganhe
articles or cell wall 22 particles. More specifically the co sitipn can 23
%ompﬁ@gﬁo@f@%l@t&t?&ﬁ 679 RV teTHeTes. Attt t%?gel B “°°
surfactant ansl akeie=4(-90%boklldwmglucan 25 particles or cell wall
articles. 26 27 Suitably a composition of the present invention 28
omprises from about 500 to about 10,000 ppm hollow 29 glucan
particlés oveell svaibgarieles, Wierés tie SBE paRIGHes editali oAt §BoaRE
140 aboyt.67% (erpene 31 component. Rreferablyhe-eompesitiea, fox
comprises from 32 about 1000 to about 2000 ppm hollow glucan particles
10 200523826 FEroB2005/80281 pragenated Cdhs terpens,

12 C10B160 CAS No. 5392-40-5 (3,7-dimethyl-2, t-octadien-

13 1-al). A stable suspension of citral can be formed
14 up to about 2500 ppm. Ciltral can be made intc a
15 solution at up to about 500 ppm. A stable suspension
16 of heollow glucan particles incorporating citral of 25
17 pot 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 texpenss, 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 zo about 10,000 ppm hollow
29 glucan particles or cell wall particles, where the
30 particles contain from about 1 to about &7% terpene
31 component. Preferably the composition comprises from

32 about 1000 to about 2000 ppm hollow glucan particles



1 or cell wall particles, where the particles contain 2 from about 10 to
about 50% terpene component. 3 4 Specific compositions can include
e.g., for bacteria 5 and fungi, hollow glucan particles or cell wa }
Wﬁ)agr‘ﬂ}ag?éﬁcapsulating terpenes in water or standard 7 OQ%TS/I;J&}I%%G\?\;%% 0t
up to 67% L-carvone, up to 67% 8 eugeﬂgl, up to 67% citral, up to 67%
hymol and L .9 carvone, up to 67% geraniol, ar.up to_67% gciiral -
-carvGiie an gle%ae%%l?grg 5 3196/1l ﬁeé"rﬁ%‘:s%; (1)1 r n%??c llclﬁh%)%o%vgglﬁl%%ﬁ
particlésromcelbwall pattitlesakbefcadSul &P &srpeACENPIREET Or
§tandard 0.9% 13 saline with up to 67% citral and 1% Tween(r) 80; or for
14 mycoplasma, hollow glucan particles or cell wall 15 particles ,
BncapSaGAd tErpeRBRIE WateRSr SBmdrE 11610, FH BatinEFitP ap 16 12
§7% cithah U8 7%k 1igaryone andeugensl odp o 6744 eugenal, up
to 67 % 18 geraniol, or u§) to. 67% geraniol, thymal, and %CV% 19rTW ?a%@ard
80. 20P3F Erheehitratich %‘f%%ﬁ&)ﬁ%glﬁ@gi? Banticles of celi 22 Wal "
particles. enrcapsulatingvierpengs ob 15 % 10, @3r20130, 44 50; 6870, 80,
0, 100, 110Q. 125, 130, 2 0 60, 17 20 250,275,
00, zﬁusqzeé?%%b,%‘?fio %%2%%3%8%47?%’5%0%2%57 5%(1),%%2% 5%551%%0,
625, 63GBTBLT0017 259 760% 795r800,027 825, W50: 8767 900167519563
1975, 100, 1100, 1250 28,43%511425.51500.4600,d 750, OF 30021

can be used 29 as effective concentrations in the compositions and 30
UhethodS018 EYERTINTEATGT EFerP hightt 31"Concentrativhs iip to 25
10Ppt, i.ecpads Pel WOn2003133128 PET/(@B200%/002020d27d 0.9%

13 gsaline with up to 67% citral and 1% Tween® 80; or fox
. 14 mycoplasma, hollow glucan particles or cell wall

i5 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 geraniocl, or up to 67% geraniocl, thymol, and 1%

19 Tween® 80,

20

21 Concentrations of hollow glucan particles or cell

22 wall particles encapsulating terpenes of 1, 3, 10,

23 20, 30, 40, 50, &0, 70, 80, 90, 100, 110, 125, 130,
24 140, 150, 1580, 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, %25, 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 imvention. Even higher

31 concentrations (up to 25 ppt, 1.e. parts per



1 thousand) can be made and may be useful in the 2 current invention. 3
4 The composition of the present invention can comprise 5 between

about 1 ppm and about 25 ppt (25000 ppm) of 6 the terpen
Wgr%%srjébﬁz gcﬁ%ﬁ%ﬁg&tzou

Y 100 to 2000 ppm of 7 the terpene component, for exam

250, 500, 1000, 8 2000 ppm thereof. 912170 The terpenes, surfactants, and

other
]synth

Somponents oL L fhe iuention gy pecadly pytchased o

Iques gener known to synthetic 13

Themistscred d5ilhisshmighlyrpreferred that terpenes used in the 16 present
é'nvention, for safety and regulatory reasons, 17 are at least food grade
terpenes (as defined by the 18 United States FDA or equivalent national
4equlat&y T9BI USRI theWIS AY X6 P OptidRAlly the Cothpodom- =<
£an C%E%@%ﬂt%cf%d?2%&%&@.;%&%@@@”@% ir?mmm@mhezf
terpene 23 component, for example other antimicrobhial age 24
©nzymdie of FEFKE SR Btibnaky ?r?ee t %{' sﬁ%ﬁ é:égln gésr%%r%%ma ot
further: 24 asiviecagentsrimaddition tbthedegeriescomponent) 028 ¥600,
gxample an antimi&%bial agent, an anti-fungal 29 agent, an insecticidal

r

agent, an anﬁgrlﬁlamma?gry' 30 agent, an anaesthetic or the like. Suitable
agents 31 include: WO 2005/1131.28 PCT/GB2005/002011 18

10
13
12
i3
i4
15
16
17
18
19
20
21
22
23
24
25
25
27
28
28
30
31

The terpenes, surfactants, and other components of
the invention may be readily purchased or synthesised
using techniques generally known to synthetic

chemists.

Tt is highly preferred that terpenes used in the
present invention, for safety and regulatory reasons,
are at least food grade terpenes (as defined by the
United States FDA or eguivalent national regulatory

body outside the USA).

Optionally the composition can comprise other food-
grade active compounds in addition to the terpene
component, for example other antimicrobial agents,

enzymes, or the like,

Optionally the compogition can comprise a Eurther
active agents in addition to the terpene component,
for example an antimicrobial agent, an anti-fungal
agent, an insecticidal agent, an anti-~inflammatory
agent, an anaesthetic or the like. Suitable agents

include:



1 - Anti-fungal: Cell wall hydrolyases (assuming they 2 do not degrade

the hollow glucan particle or cell 3 wall particle), cell wall synthesis

inhibitors, 4 standard antifungals. 5 - Anti-bacterial: Antiseptics, cell W?”
WW&’&%%‘%? 6 synthesis inhibitors, antibiotics. 7 - Insecticidgﬁm}?a(r}g? 002011

insecticides, chitinase. 8 9 The composijtion can comprise an antioxidant

to reduce 10 gxidation of the terpene. An example of such an 11 |

anti-oxidantmight Beddsemars oH, YRamimEosr LG RminaE STE e TheeY
eompositiatvobithie pregeatinventioncsiohe &l ddathefarmiaflaednr cell

owder. The composition can be 16 provided in combination with an
ggriculturawja/fgool:c% isslocr p%drmcéaf:]lequti‘f‘rzg\?lg a%gggt%%?eigaﬁlrg?%?lé%ffpslént
48 in a liquidasclirker galtlikeufopmi 99 20 For solid compositions, suitable
garriers inglyde 2}, pharmaceuticy) arages of manniol,(actosg, AT e,
22 magnesium stearate, sodium sacchann,.ta[c, 3 cellulose, glucose,
Sucrose, nfaHesRFhTarbBoARE; Rt 2anthelhketSafably the formulation
i5 in tablet 9125 pelletform. Ag.suitable gasiier.qould also be £:26 human
or animal food material. Additionally, 27 conventional agricultural carriers
€ould also be 28 used. 29 30 A pellet, tablet or other solid form of the 31

gomposiivn-campprafetalily also conlain aLlispersak Saxagemywhishreduce

lEromotes. ispersal otq_tl'ﬁl(éory osg:iftl)g_w Zogglalm. Bélzgf such an
CT/G 98%0f’ P B

11 anti-oxidant might be rosemary oil, vitamin C or

1z vitamin E.

13

14 The composition of the present invention can be in
i5 the form of a dry powder. The compogition can be
186 provided in combination With an agriculturéily, food
17 or pbarmaceutically‘acceptable carrier cor excipient
i8 in a liguid, solid or gel-like form.

19 '

20 For soiid compositions, sultable carriers include
2% rharmaceutical grades of mannitol, lactose, starch,
22 magnesium stearate, sodium saccharin, talce,

23 cellulose, glucose, sucrose, magnesium carbonate, and
24 the like, BSuitably the formulation ig in tablet or
25 peliet form. BAs sultable carrier could also be a
26 human or animal food material. Additionally,

27 conventional agricultural carriers could alsc be

28 used.

29

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

32 agent which promotes dispersal of the composition



19 1 when placed into a liquid, e.g. water. Suitable 2 dispersal agents
include xanthan gum, maltodextrin, 3 alginates, or the like. 4 5 Liquid
compositions can, for example, be prepared by 6 dispersing the }
WEOMBYEHSH in water, saline, agueous 7 dextrose, glycerol, eﬁﬁh‘%?&?"a’r"?ﬁ%’-‘
like, to form a 8 solution or suspension. If desired, these 9 compositions
can contain minor amounts of non-toxic™10 auxiliary substances such as
WettinoPerRulRffifig: Bt agents BH Bufferifig aGeheT (for BXamphs;®
sodiurg {Z-aeeiate, seshitan morolaw ateftathanplaminessedidexddin,
acetate or,triethanolangin&oleft?. The methods of 14 preparing such
fiquid CorApBeitiohs afe krwn- of will 15 be apparent, to those skilled in
this art; for 16 example see Remington: The Science and Practice of 17
Eharmacy,ppigath JYIoms Godians, (Decempes 184502880k eq by
which is incorporated herein by 19 reference. Again a liquid composition
Bould I§& 2ResiRbatedBY drFEISHthRcoRpBEIHi6R in AHbLIF21 HaMaNS
or animalfeod.r dripk material. Addifionally 22 erpuiteblesliowd form a
agricultural excipient could be 23 used. 6%4 5 For qral administration
BabletsShd GranuI8s af & SBGEE  iy prefe %ﬁ.l%g%l’etg &y~ contain
binders ango 27 dtibricantanFinepevide rsioogranuesaycoman-28:xic
L fluting, dispereing andior surfage agliye Aoenls and .29 £ag:ha piesprle
In water or'in"a syrup. Capsules or sachets can conveniently contain
1the compesition inth Bifdsrstate. NG BHUEEAS SOHABASDr RRPEHSIONS

,of 32 thecampositign:are alsq,suitakle.andmay-cotaitnel amine sodium

13 acetate or triethanclamine oleate}. The methods of
14 preparing such liguid compositions are known, or will
i5 be apparent, ro those skilled in this art; for

16 example see Remington: The Science and Practice of
37 Pharmacy; Lippincott, Williams & Wilkins; (becember
18 15, 2000) - which is incorporated herein by
1S raeference. Again a ligquid composition could be
20 prepared by dispersing the composition in a liguid
21 human or animal food or drink material. Additicnally
22 a suitable liguid 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 &
31 dry state. Non-aqueous solutions or suspensions of

32 the composition are also sultable and may contain



WO 2005/113128 PCT/GB2005/002011 20 1 suspending agents. Where
desirable or necessary, 2 flavouring, preserving, suspending, thickening,

or 3 emulsifying agents can be included. Of course, it 4 would be. sui

WRYREYG8d or drink material as 5 an oral delivery methocF%T%%g%rge%ﬁli
administration is generally characterise% y 8 injection. For injectables it
will be appreciated 9 that, in general, allmateri 5_5 used in the 10
tomposiiattafdXhySebient NE&F ?ndisﬁsb]ergg T pRarmac&dtical grade.
tnjectables-can heprepaactiny h2scomentiondl foyms; eitheeasdiquidr
golutions, 13 emulsions or susnensions. solid forms suigbledarld, +¢
dlssolueflon, susgen ion’in |qU|cfpr|or to injection, 15 or as emulsions. An
alternativelabproash ¥6£.26 parentas admifisatieon iolds Hsé oF AssloRs
17 relegse gr.susiainedrelease system, such that a 18 constant level of
dosage is maintained. See, for 19 example, U.S. Patent No. 3,710,795,
fwhich is 20 incorporated by reference herein. Preparations for 21

parentetal sap-alse ganiain budfersrdilienisand 222 ptherstitablerised by
additives. Examples of non-aqueous. 23 solvents ate propylene glyco
BolyethytdiFs Giydd!, Zﬁ%regle%ﬁg i sﬁcﬁ%s“glgie (:)BIS §‘yﬁ’8 fnﬁgg;aab%éi

85 orgahis®stérs @whmethﬂéleaae:)ezﬂi:mb.@us%icémieté&ﬁwclude
yater, alsanoliianueous oS, A1 BMHISIO0SORSUsPENSIoS,

including saline and 28 buffered media. Other parenteral vehicles include
129 sodit@EmciRiE seRtioRr Riyer STABRRIRC tRRBEE 56 dPsRfign 2
sehloridelagtated Ringers atfixas 3L oilsaVehiclas for nfTavenaus, use
include fluid and , . .
13 emulsions or suspensions, solid forms suitable fox

14 dissolution, suspension in liguid prior to injecticn,
15 or as emulsions. An alternative approach for

15 parental administration involves use of a slow

17 release or sustained release gystem, 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-agueous

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

25 organic esters {(such as ethyl oleate). Agueous

26 carriers include water, alcohollc/aguecus sclutions,
27 emulsions, or suspensions, including saline and

28 huffered media. Other parenteral vehicles include

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

31 cils. Vehicles for intravenous use include fluid and

32 nutrient replenishers, electrolyte replenishers ({(such



32 nutrient replenishers, electrolyte replenishers (such WO 2005/7.13128
PCT/GB2005/002011 21 1 as those based on Ringer's dextrose) and the
like. 2 Preservatives and other additives can also be present 3 suc

h as
WBP%@?%?@, antimicrobials, anti-oxidants, 4 chelating agen?&Tfr?&%(}ﬁgggzsﬂn
and the like. 5 6 For topical administratjon liquids, suspension, 7 lotions,
creams, gels, ointments, drops, 8 suppositories, sprays and powders may
be usé FEBRTRAGHT gHarfettics &5 Fs?%%%e%%%, élno“\?w:?é? or
pily basessthickenerssaad the tikecand@iusedtd as netessanry grresent
glesiraple, 12,13 T present iverlion fiiies pravides aipelnad ofadd.
preparing a hollow glucan particle or cell wall 15 particle encapsulating a
ferpencicomponenizsait- 16 rhetitd eemprisinftheSteps bfeL7 a)
groviding a terpene component; 18 b) providing a hollow glucan particle or
cell 19 wall particle; 20 c) incubating the terpene componegt wijth the 21

1 1 [l

Blucanfpartitrréréel A TEfdE MY 22 titdhle COHRGEHS S/
terpene A3 encapsidation; anfk24 d) seeaveritgsthedraliow glucan particle
or 25 cell wall particle enca sulatingttlée t%r‘egggsmago onent, 27 28
Bption SRR atGVe fifeth5d tan Tuither Eomprise the- 20 step 5F drying

the padictesendapsiilatig the 80 terpene comporest. Drginganay beowder

l%cmevgglgfﬁy bases, thickeners, and the like can be used

11 ag necessary or desirable.
12
i3 The present invention further provides a method of
14 preparing & hollow glucan particle or cell wall
15 particle encapsulating 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
18 wall particle;
20 ) 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



31 number of ways and mention may be made of freeze WO 2005/113128
PCT/GB2005/002011 22 1 drying, fluidised bed drying, drum drying or
ray 2 drying, all of which are well known processes. 3 4 »
W %gg%b{?éz ethod, the terpene component 5 is suitably proﬂvelaéegg%@:é%mﬂ
suspension in an agueous 6 solvent, ang-pptionally in the presence of a 7
urfactant., Suitahly the solvent is,water. A 8 suitabl rfactant i
Ween%gjél&)’ol)%lo%@}é fl%(rfqug%ig%?frﬁ%éo%g% %ﬁngﬂ:gfzégb%/pﬁ%}f{he
3urfactiry is:presert o & edvicantrtienv ab ot orT OPE RS 86 %% Dy
yolume of the total reaction mixture, 12 more preferably about 1%.
Alternatively the terpene 13 component may be provided as a true .
$olutioRTin BEER sdiverit, E3F WEREM A BEE o 6t tefpere fh AF WAt "
gan be;abtained by Wixingthederpenainswaiesni6 at high sheanuetites
true solution is obtained. 17, Pub '(iationnNgﬁNO (%?é/géggédfc%o‘éides
Rirthertietdiid g BPformting i solutions of terpenes in water 19 20 In

Step bafthecatsove. methdd athéhdtiow glotarn2l particier cellwall
article is;suitaply provided .22 asa sispension in water or other suitable
%quid. SZ%%%%%%ﬁe suspaension comprises approximately 1 to 24 1000
fhg partieresysev il PrersaBbRF P0G 86 40025 rhghhe It RaivaI§ the 2°-Y
1particlesmay: be prvided : 26 s asdeypawder archaddeddeibe of about
terpene-surfactant 27 suspension. 28 2 Alternatlverléth farticles re
gl -1

Wrovidétt ih 36 sufficer®iglfid t8'fmifi Phydiafe tHe partcias, =&

12 more preferably about 1%. Altermatively the terpene
13 component may be provided as a true golution in a

14 solvent, e.g. water. A true solution of terpene in
15 water can be obtained by mixing the terpene in water
i6 at high shear until a true solution is obtained.

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 is sultably provided
22 as a suspension in water or other suitable ligquid.
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 net in significant excegs. The term

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



31 but not in significant excess. The term 32 "hydrodynamic volume" (HV)
is used to describe the WO 2005/113128 PCT/GB2005/002011 23 1

WO y&mmgﬁlg liquid required to minimally hydrate the 2 particlesT/GR1805/062011

w o ~1 o ol W NP
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12
13
14
15
16
17
18
15
20
21
22
23
24
25
26
27
28
29
30
31

suitably the particles:are provided 3 with a volume ranging from the HV
and a volume of 1.5 4 times the HV (2:6HV). This makes the subsequent
5 drying step Jrore; efficient Also, where adowlume fyaitiguil isiused
(ie. around HV to 1.5HV), itis 7 also possible to extrude the finisf%q%d a
prodet it 85elleTBE A0S RRHY WHiGh Rorvenieht Toro Auidise

bed gryings 11LHas:heendoudihatike mrpend componemt cah 125
become encapsulated by the hollow glucan particle or I article
at oo eempBFatiite. The fate of i\%ﬁésr’lcg‘sg%ti%’% f% %%vge%!éﬁ,@iﬁgeased
at 3EE i dhe ckiptemperatdiei seuld be Réps belowere bdilihgrhoRtere
16 depaturing.temperature of.any eptofitheql 7 position =
Suit&gleﬁtlo‘ﬂ‘gﬁ%njésfo?"cé?e% é)lace)f' th%e%rggﬂgbﬁep mgth%djgﬁémthereforeh
atmesphericgressie ata SHO-epeata feFEcREST 8T OPMisdtbr of
the 20, conditigns for e partistlar engansulationasaction ik wibke a
matter of routine experimentation. 22 23 The present invention further
provitlesigtieaRod®f S Kifit a microorganism, said method comprising
the 25 step of; 26 - contacting said microorganism with a composition 27

ISi holl I icl Il wall ' [
- comeising 2 holow ghucap paricle orcelLugl. 28 RaHls v 2

become encapsulated by the hollow glucan particlé or
cell wall particle at room temperature. The rate of
encapsulation is, however, increased at 37°C but the
temperature should be kept pelow the boiling point or
denaturing temperature of any compenent of the
compoeition. Suitable conditions for step ¢) of the
above method are therefore atmospheric pressure at a
témperature of 20 to 37°C. Optimisation of the
conditions for a particular encapsulation reaction

will be a matter of routine experimentaltion.

The present invention further provides a method of

killing a microorganism, said method comprigsing the

step 0&;

-~ contacting said microorgahism with a composition
comprising a hollow glucan particle or cell wall

particle encapsulating a terpene componant.

cuitable compositions are those defined in more

Aetail above.



30 Suitable compositions are those defined in more 31 detail above. WO
2005/113128 PCT/GB2005/002011 24 1 The present invention further
rovides ethod of 2 preventing or treating an infection ig &(3@;]0(%911
Wg)azlﬂdo%?elﬂ%é;comprising the step of; 4 a) administering to saigrggéenf ina
5 therapeutically effective dose, a compgsition 6 comprising a hollow
lucan particle or cell wall 7. particle encapsulating.a terpeng component.
g 9 S?[J‘I aebr%rc%srﬁﬁlgsiﬁgﬁ?%%t}losel’%te: ined flfgilmo?e 10 detail above. 11
42 Theisfeeticn of i patieatrhay eicandel by ahy 113 nfeefidgs agent.
fxamples of these infectious; d-a0enfs inglude Jut are not restricted to

15 Staphylococcus aureus, Aspergillius fumigatus, 16 Mycoplasma iowae,
Penicifiim 3R EREMFESPRshT SBZ PriBGmbhtde. 18 39 For internal
administrationdhecampesition mar bet 20admipisteredaratiyaginally,
rectally, by 21 inhalation, org renteial routeség{:gl.ct%/ Zgringgg rrp\?a[tl
@ubcutaneo%%f“ﬁﬁﬁa?ﬁﬁlgcﬁar, %‘i‘rra%elﬁ?c?r{leatﬂ intrarectal, mtraar?erléial,
24 intralymplaatic; diteaveeronrss ieathegabark 265 dmeatrachkealepates.
uitable formulations of the 26 composition for these routes are

discussed above. 27 28 For external treatment, the composition may be

99 apyffietitpbically orP exarmE astd Brédifl TP oifthiditc 1n more
10 detail above.

11

12 The infection of the patient may be caused by any
13 infectious agent. BExamples of these infectious

14 agents include, but are not restricted to

15 Staphyvlococcus aureus, Aspergillius fumigatus,

16 Mycoplasma iowae, Penicillium sp., and Mycoplasma
17 pneumoniae.

18

18 For internal administration the composition may be

zZ0 administered orally, vaginally, rectally, by

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

22 intradermal, subcutaneous, ilntramuscular,

23 intraperitoneal, intrarectal, intraarterial,

24 intralymphatic, 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.

3L



30 or as a dry powder for treatment of a wound. 31 WO 2005/113128
PCT/GB2005/002011 25 1 The amount of terpene administered in the

wo 283aye1Zemethod should clearly be sufficient to achieve theC3/G83iieEd02011

Ww o =3 o o W

O L
W N e O

result, i.e. prevention and/or treatment of 4 the infection, but should not
be at a level which 5 will induce seridiss toxic effects in the patient. 6 7
Theam e af copmositian-administered véthof 8icourse, lEodependent
on the manner of administration, 9 on atient bein ted, i. eir
WeTEEES (RIPHGS. ORI, S25 ST SHEt AT A HESe 15 ihe
subjeetianrd ondbe judgeinent afthe&2-prescabifgphysicratmRdéde,
schedule of. doses,_13andr of.adminisiati an rigd. One of
14 Sk iﬁ%&%?tlﬁgdld%gdi%ﬂé%é P 1%g§n¥§nt?l%r?f%§tive
ametafforesgiven applicatiort & basedi@rihe geherdikidowiedde 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 indiyidual,
eitHER® RTENBE aRi &I CTBRRRCH: 20 Rietidatmert R%gptied: TRas, the

patiegt£an b Zagdemesticated animaldegaxad Hogiete) divestockn,
22 (e.q., cattle,bprse, pig,,sheep,%?at, etc.), 23 la Oéatonévanim%l (e.q.,

A L [=-] o . . 1] .
mo@Se, TRBLREIat SHinET 2% pig, Ttc.5 Wirds' &rd FiS Suitably the' subject
is 2maspasyasl anskespecially & prinaté, forexamptea 26ehihasa s
23 The present invention. fyriger 23,019d5a fmethod ahieating or
prevéhtinginfection

prescribing physician. The doese, schedule of doses,
and route of administration can be varied. One of
skill in the art would readily be able toc determine
an anti-infective amount for a given application
based on the general knowledge in the art and the
procedures in the Examples given below. IT should be
noted that the term ‘“patient” as used herein refers
to any individual, either human or animal, to which
+rhe treatment is applied. Thus, the patient can be &
domesticated animal {e.g., cat, dog, etc.), livestock
(e.g., cattle, horse, pig, sheep, goat, etc.),
laboratory animal (e.g., mouse, rabbit, rat, guinea
pig, etc.), birds and fish. Suiltably the subject 1is
a mammal and especially a primate, for exampls a

human.

The present invention further
provides a method of treating or preventing infection
of & plant, said method comprising the step of;

- administering, in a therapeutically effective dose,

a composition comprising & hollow glucan particle



30 of a plant, said method comprising the step of; 31 - administering, in a
therapeutically effective dose, 32 a composition comprising a hollow

lucan Partlcle WO 2005/113128 PCT/G82005/002011 26 1 or cell wall
Wg)a%?ucflé H’t?apsulatlng a terpene 2 component to the plant owgfggﬁ(mwezou
proximity to 3 the plant 45 Swtable C posmons are those defined in
more 6 detail aboye. Ter ave been sho wn to ellmlnate a
humber of §PlaRt b th fdfébsi% And. Astescribed 10
i co- pendingm@e&ttort@&ﬁ@/&%@@ﬂ alsotbl eﬁe&tlveiymﬂmmamdeiso
§/hlch are S@{gfl%&irgn%Z plant parasites. Terpenes alone in suspension or

3 solution, however, are somewhat unstable and degrade 14 rapidly in
the soil environment, thus losing 15 efficacy. 16 17 Incorporation of a
terpeng comapanrentdnobeliowds glueanpadiclesr cellavalhpaisisle can
reduce the 19 rate of terpene release and degradation, thus 20 increasing
fhe duftfciidf &R of the terpene in 21 the soil. 22 23 Suitably the

nfection of a plant which is to be 24 treated or prevented in the above

ethoq\ is infection 25b nematgdes

Oﬂl I that
may be Treated or 5% preven ntedi |ncimtlje%f%n%aﬁﬁé%%%n%gggr?s%&%s%egg Ily

9 plant pathogens (see WO 03/020024) and, as described
10 in co-pending application US 60/538,627 also

11 effectively kill nematodes which are significant

12 plant parasites. Terpenes alone in suspension or

13 solution, however, are somewhat unstable and degrade
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
Lo 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
2b 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.



29 those affecting the surface of a plant. Such 30 infections include downy
mildew, powdery mildew or 31 botrytis bunch rot; these infections
V‘partic_ularrlfé 32 affect grape vines. WO 2005/113128 PCT/GPBZI‘OQ%O(Q’%@%
D embodiment, the plant infection may be caused 5 6y one or
more of the following: 3 Aspergillius fumj'g,atus, Sclerotinta homeocarpa, 4

Rhizoctonia solanj, Calletotrichum graminjcola or 5 Penicillium sp. 6 7 A
%\dvangeﬁyeo&e a ?gr%%%%nl?%te’d t?g%t ae{r%ngf pjrélntesC iSthati g}agr?o b%aused

appliethshortly beforearedsttBel @ddmytoigveentional treatments require
an eﬂg@ 2dd1onarad Befpresesaninlo bedieled atspdaeacialy 123
weeks). This means that an outbreak of a plant 13 disease shortly before
harvestieannot beiredted Mith 14°ddrRieriiohaltiBafmémsH<Rhbutd
then netbe 1b1passibleo harvest the crop at the desired time. 16 The
compositions of the present invention can 17 suitably be applied at any
fime up until harvest, for 18 example 21 days prior to harvest, 14 days
prior tea9dwrreaszdadays priardogmveshoncévensatdaypsior 20 lesants
efore haryest. 21 _22 Encapsulated terpenes.hayv I

gfficzatcflszgﬁilﬁL 1t—’rejattv’lnSa(ﬁr%)v%)rﬁl_%)/ %ﬁ%%%?%o%e%&qﬁlgé%v}%\%% %%%%%%@%4
Bunch rot in grapes, and thus the present invention 25 provides a method

1 gf treafing.or preventing these 26.disgases. 2dquire an extended

1
b

1
011
n

11 period before re-entry to the treated area (generally
12 3 weeks)., This means that an outbreak of a plant

i3 digease shortly before harvest cannot be treated with
14 conventional treatments as it would then not be

i5 possibie to harvest the crop at the desired time.

16 The compositions of the present invention can

L7 suitably be applied at any time up until harvest, for
18 example 21 days priocr 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



28 Prevention of plant infections can be achieved by 29 treating plants
which the encapsulated terpenes 30 regularly as a prophylactic measure.
31 WO 2005/113128 PCT/G82005/002011 28 1 Suitably the composition
VEP tEFELEht invention is 2 applied by spraying. This is partictiGfyeos/002011
suitable 3 for treating a plant disease w igh affects the 4 surface of a

plant. For spraying, a preparation 5 comprising 2 g/l of the compaosition in
Water 1H) D B uShE: COTESIATIRR ST 4 fiire 7 eretidy
effectiveyphtecbnnenirationsraf greatet <8 thapdgificari beluseshdsablie
requiregl, Otyously fjs.9 mperiagt (hal e GRacentation oLthe,
composition 10°Used is sdfficient to Kill or mhibit the disease 11 causing
dgent, burhocso higle asteharm heplapt 22iedng dreafeaE3 LPWhen
spraying plants a.{ate;0£500 LAHai0 grealesds; dssuitablede soverthese
plants. Preferably a rate of 16 900 L/Ha or greater, more preferably 1200
B/Ha oflf?%reafé?%%’égaefﬁb?ﬁﬁré’ﬁoga%v@ré'g%. WhHére Gdpe 18

vines arabeing ireaied, ermie of 1200d:dHadasctd pravesyitalily greater

ffective}.1 20 21 The compgsition %I the present ingﬁnti%n may

2 Ce
aternaﬁvgﬁ} be gpplié: Vid |?riéla‘fi%n.ar%iér%%ﬁgr icular}l)ﬁfsuftlasélg f(:)Lrt e
tPeating. mematedés thatheth24 suildmrhepatioger’s shparesitess25126:

1ip a further embodiment the presentinyention alsg: 97.providesd case

composition comprising a hollow glucan

11 causing agent, but not so high as to harm the plant
12 being treated.

13

14 When spraying plants a rate of 500 L/Ha or greater 1is
15 suitable to cover the plants. Preferably a rate of
16 900 L/Ha or greater, more preferably 1200 L/Ha or

17 greater 1s used to ensure good coverage. Where grape
18 vines are . heing treated, a rate of 1200 L/Ha has

19 proven sultably 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 othexr
24 soil borne pathogens or parasites.

25

26 In a further embodiment the present inventlon also

27 provides a compogition compriging a hollow glucan

28 particle or cell wall particle encapsulating a

28 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.



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.
wo toniAtaie compositions are those defined in more 32 detgihpboMBe W01

2005/113128 PCT/GB2005/002011 29 In a further embodiment the
present invention provides the use of agomposition comprising a hollow

glucan pagticle ongell wall patticle, encapsylaling.a -tefpehs, component in

the manufacture of a medicament for the treatment of infection caused by
a MicREBFYERBNTISUitR e @Bt GMBEAfeitPBsE oBARed i Brd Getafl™

aboveyihhespresent inveation fuether providestheiuse-oka campasiiohg a
comprising a hollow glucan particle or cell wall particle encapsulating a
terpefEEHONERTPHE mart e BoTATEdER e f6r HEVGAERESF
treatingpan tinéectiossinneepatierdt, Wwheseinisaid saadieaiment is suitable- for
being adminisiered (o said patienti 3 (nerapeutically effeglive.dose, The, ,
presenf%venﬁon further provides a%ompo& I0h comprising a%o ow
glucangatticle entapsbletiag a terpene component for use in the
prevention or treatment of an infection in a patient or a plant. The present

invention further provides the use of a hollow alucan particle

encapsiftatiity & $6fpene 'compdrient in fve tthasufaire fasmediegmeree  ©f

a

for the. freatment gf,an. infection ina plany, 29a, Thepresent i?yﬂlg%i’@” or cell

now by further described with reference to the following, non-limiting,
exanﬂﬁ§§an@ﬁ§gﬁg§ﬁ]Wﬁﬁﬁ@psulating a terpene component in

the

manufacture of a medicament for preventing or treating an

infection in a patient, wherein said medicament 1s sultable

for being administered to said patient in a therapeutically

effective dose.

The present invention further provides a compesition

comprising a hollow glucan particle encapsulating a terpene

component for use 1n the preventicn or treatment of

infection in a patlent oy a plant.

an

The present Invention further provides the use of a holliow

glucan particle encapsulating a terpene component Iin the

manufacture of & medicament for the treatment of

infection in a plant.

an



Fig. 1 represents a light micrograph of empty yeast cell walls; Fig. 2
represents a light micrograph of yeast cell walls encapsulating L-carvone;
Fig. 3 represents a light micrograph of yeast cell walls encapsulating
citral; Fig. 4 represents a light micréagraph of terpene emulsion; Fig. 5
represents a light micrograph of yeast cell walls in hydrodynamic volume
(HV) water; Fig. 6 represents a light micrograph of yeast cell walls
encapsulating terpene in 5 times hydrodynamic volume (HV) of water;
Fig. 7HeprossnsulighyRREsrapHidiy SRV cElY allkbrtafeRsimPed

terpeqg i, HV.ebwalere Fig, 8-trepresants.a ight raisroaraph of ygast cell
walls encapsulating terpene in HV plus 5% of water; Fig. 9 represents a
light rEREFOBEPR GTRfRast CEi SHatd eWBarétiating terpene in HV plus 10%
of watery Fig. ¥@yepresants a lightinicragraptvabydast Cebmwalls yeast
encapsu{Z tir@ﬂjtlgg%e_ne in HV plus 20% of water; WO 2005/113128
PCT/GB200 11 30 1 Fig. 11 represents a light micrograph of yeast
cell 2raglls @ncapsidatng tepehedh H L bUECIORS WateY €8 g e

represents a light micragraph of yeast Gelh 4 walls encapsulating terpene
in HV plus 40% of water. 5 Fig. 13 represents a light micrograph showing

the 6 BisPersal BRRFRHTHGIROVE oI pAHIEES FrERca sl ARRFX t&pene

comperentand,Raxanthan agm:18+F4g.;14 represents a light micrograph

as in Fig. 13 9 where 0.07 g of 1% xanthan gum is included, 10 Fig. 15
reprege?rﬁs a%,d—ﬁ?%%?gj}% haas:'l[iln%%_ Ifécgograplﬁ og gerpen%

emulsion;

Fig. 5 represents a 1ight micrograph of veast cell
walls in hvdrodynamic volume (HV) water;

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

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

Fig. B8 represents a light micrograph of veast cell
walls encapsulating terpene in HV plus 5% of water;
Fig. 9 represents a light micrograph of yeast cell
walls encapsulating terpene in HV plus 10% of water;
Fig., 10 represents a light micrograph of yeast cell

walls encapsulating terpene in HV plus 20% cf water;



11 where 0.14 g of 1% xanthan gum is included. 12 Fig. 16 represents a

light micrograph as in Fig. 13 13 where 0.28 g of 1% xanthan gum is

' %ldd 14 Fig. 17 represents a light micrograph as in Figpd3, 5066511
W§I.55 bﬁc%ll% xanthan gum is included. 16 Fig. 18 represents a I%%t

micrograph as in Fig. 13 17 where 1.1 g ©f 1% xanthan gum is included.

8 Fig. 19 represents a.iglymicragiaph ag in.fg - 13,19 whete 2.2 .90
%% xg%%hén gun??ésgin?u%g. 20 Fig.ego represe%%:s glight rri}%ro raph as
3n FigwES 121 Gilvere aud g oy, Seplvatgiim Binsilled392 mg. yprer:
$hows:a schematicyepresaniation ofteatment, g3-a18as on,sitas: 18 and
20. 24 Fif. 22 shows a schematic representation of treatment 25 areas
bn sitd@ 18 AnrST IS ER PP HGTS FEChEhatit RRprEseiitatih of the™ -
27 treatpentigreasoresiten?s28 Fid.o24 shaws cograph shewihgy the

ompayison of encapsulated vs, non-encapsulated te e 30
é:ormu ations. §£V8L26%§7%3%§ ]P%\Zl'lééjf(j%%}%ag%bifi)ggl 1 The
Tollowirg@xanplesiae provigedandunhepengsie andose ofardinary SKim -
in the aut fo make gr, perform. 3the preseptinvention, Thay are pytely 13
exemplary and 4 are not intended to limit the scope of the invention. 5
YnlesehhcatBdBthenMse LFarteArE pRrEWY vaturiS 5'615hrts by

1 Weighty 8§ indicated; temperatuse is ¥hZ degeeessCelsius(C) ar isiat. 13

ambient temperatyre, 8 and pressure is at or near atmospheric. There are
15 num‘gpﬁﬁevirlit%or% gr?d ggépm}ﬁ?ﬁlatt%anns Stihie'td %gr%%cl)%ﬁ%hs and

1.eonditioihs fol Making ek e8ing theld,ght micrograph as in Fig. 13

13 where 0.28 g of 1% xanthan gum is included.

14 Fig. 17 represents a light micrograph as in Fig. 13
i5 whare 0.55 g of 1% xanthan gum is included.

i6 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 incliuded.

22 Pig. 21 shows a schematlc 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 ghows a graph showing comparison of

29 encapsulated vs. non-encapsulated terpene

30 formulations.

31



11 e.g., component concentrations, desired solvents, 12 solvent mixtures,
temperatures, pressures, and other 13 ranges and conditions that can be
used to optimise 14 the results obtained from the describe itj

WP %hd Wethods. Only reasonable and routine 16 experime%gg{(gﬁéﬁhl}‘ggﬁn
required to optimise these. 17 18 Example 1 - Demonstration of Terpene
Loading int Baker's Yeast Particles and Purified Yeast 1
jparticlﬁ‘%ezg CQI)Z%?H% ?&Io%%@pp%%cao]f?vfsrp?&%ér?n%g&: fo gr%%%%t?aé%% ©
2hat terpeses whutd-tbkckinto yeadticelhwalisand t24 otierisoliow BiticEm™
particles 23,20 Enulsins ol lral and Lycatvons, WeLe prepaigth ¢ ang
mixing 150°ul of the terpene with 100 p1 of 10% Tween_ 28 80 in water.
4nd 250 Bl BPWatert 20980 Bakeks¥idast PRIRFSSBY B o EBvacHTheast
31 glugan padticles (¥GPAaavailable from Savety Systense e by volume
2005/113128 PCT/GB2005/002011 32 1 Inter%‘tional, Ing.,tBrgnchbuorj%!]
I, wére RREtFwity FRe o B A 250 MM stepension- 3 45
of the YB,0eXGR-suspensiqnand 250 | of thensi terpere-epudsionwere
mixed t%%gther and incubated 6 overnight under constant agjtation. 500 pl
¥P or ¥EP PF SEEYETION and 550 PPEFwWAIRIWEUsed as a 8 tontror.
F he partiglesanvereithenavashed with watesi @amfibfriee ddoniiexternal

 fmulsion. The particle 10, preparatieis wereien iozag and yophiliseden,

until

11 e.g., component concentrations, desired solvents,

12 solvent mixtures, temperatures, pressures, and other
13 ranges and conditions that can be used to optimise
14 the results 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 Beker’s Yeast Particles and Purified Yeast Glucan

20  Pparticles

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 Fmulsions of citral and L~carvone were prepared by

27 mixing 150 ul 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



11 dry._ 12 13 The particles were then rehydrated and examined under 14
light microscope. The results are shown in Figs. 1 15to 4. 16 17 Fig. 1

hows.s

P?grical structures with a dark area at 18 their centy,
dliow glucan 19 particles. Figs. 2 and 3 shows spherica séﬁﬂ%}él

20 with a swollen appearance with a light coloured 21 interior, these are

partic

Y.

ol Lerpene 22 SHsRDsIedndle goN) oAb S o2

-carvone in igs. 2 and 3 small 24 blobs of free terpene

Zan alsatse séen fegnathe Q5@ FESPSUSt R%-of centre. Fig. 4

hows the 26 terpene emulsion as small blebs of terpene suspended 27

In water. 28 29 30 WO 2005/113128 PCT/GB2005/Q 0 2% 11 33f1 .
ExampP2 M b&érmiratidh ot makimal cirar st - ?Ié%r\%éne fding =€
sevels i Baker'seast Gell Walle 3nRasticlesoYde:5 Fhé folowingted

roiocol s plomerlo BeImin e el amoyn ol gregnee

O,
carvone an CI:!fI’aIfL emuisions were

preparegsbySssomicating 4509 ol e terpens Ve G 3aRERa®Er. 210 - 10%
g ween-80,solution yas prepated by spuicating 1143 9:BvaeR180M40:5

mls water.

9 until free from external emulsion. The particle
10 preparations were then frozen and ivophilised until
11 dry,
12
i3 The particles were then rehydrated and examined under
14 light microscope. The results are shown in FPigs. 1
15 to 4.
16
17 Fig. 1 shows spherical structures with a dark area at
18 thelir 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



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

r‘]fgﬁ;?f‘lg 1. 16 17 Citral or L-carvone-water emulsion Waéé}‘)éﬁ.‘?omﬁam

W

A8 Tween 80 surfactant overnight at room 19 temperature.

Samples were centrifuged at 14,000 x g,-20 for 10 minutes and the

%.

Zerpergeatrvaslclpaiif n TRyele dakiBIkpEs ForkRM

yisiblepﬁgcq@j,;erpee

appe

o Zag%%eg% frfe-teﬁ%%"e%%lzﬂgé%ﬂ UEhg-3aueauslayeL vasmseared.
: g e - ee

¥ s £ §
o = iN=g O 1IN

in the centrifuged reaction 27 mixture. The

absenteof Tree terpene indicates 28 complete absorption of the terpene
by the particles. 29 The highest volume of terpene absorbed by the 30
particlegeas gvidenced hrthecahseneesobited dntelpenedwas:ratordeche
as the maximal volume of 32 absorbed terpene emulsi .

S005/ T3 bR 50T P ST ToB T?%Iﬁé)?oé’gn%/rjhrito vE
Terpene Vol 10% Tween- Free YP Emulsion 80 Terpene ul pl ul 1500 -

; 500 -2 S0 L canyone 0.3 900 3500 carvanle 1855004500

t-carvone
o

10
11
12
13
14
i5
16
17
18
19
20
21
22
23
24
25
26
27
28
28
30
31
32

-carvone 16.5483.5 - 6 500 L carvone 50 450 +
sonicating 4.5 g of the terpene with 0.3 ml water.

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

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

- Encapsulation reactions were set up as described

in Table 1.

Citral or L-carvone-water emulsion was mixed with YP
and Tween 80 surfactant overnight at room
temperature. Samples were centrifuged at 14,000 x g
for 10 minutes and the appearance of free texpene
floating on the agueous laver was scored. The
regults are shown in the right hand columm labelled

free terpene of Table 1.

The expression “free terpene” refers to the visible
presence of terpene in the centrifuged reaction
mixture. The absence of free terpene indicates
complete absorptioh of the terpene by the particles.
The highest volume of terpene absorbed by the
particles, as evidenced by the absence of free
terpene, was recorded as the maximal volume of

absorbed terpene emulsion.



7 500 L-carvone 165 335 + 8 500 L-carvone 500 - + 9 500 Citral 0.5 500

- 10 500 Citral 1.65 500 - 11 500 Citral 5 495 - 12 500 Citral 16.5 483.5 13
_H00 Citral 50 450 + 14 500 Citral 165 335 + 15 500 Citral -
W(?%l%‘f%s?ellé%l from the results, YP is capable of 4 absorbing%ga%r?rcjl(}ﬁzgog‘}o’g‘ﬁ’11

encapsulating at least 16.5 p1 of L- 5 cayyone terpene emulsion or at least

]'_5 ul Ofﬂﬁ'ﬁ'e 61emulsion per 10 mg of YP. 7 8 Example 3 - Demonstration

of improved terpene loading 9 with surfactant and determinatjon of

optimal TW&ehe 12B0Térgend eiere 17 Phe| foliBuiig BiotocoE RaE

performed to demonsgrate 13zthat the,presence of sugfactant jmypreyese
terpene 14 loading and to determine the minimum level of Tween WO

2005/113128 PGT/G&2005/p02011 35 1 88%u 'factaﬁijrequiread for the YP
terpene loadifig Zreaghion. 3 4 - L-carvgne-and citrad emulsigns were

prepared ky_SsawLaim%-ATE-g-eahe-te@pene wAth O.G;S.g" water—6-10%
Tween-80 |sofutian wal preparaddy SBificating |7 4.5 Tweer-80 in 40.5
ml water. 8 - Baker's>(® suspensiarrwas irepared by ffixing YP 9-with

water to form-250 r“"’mU' SUSPEeRSIon

TSRO0 T L-darvone, 5 495 -
5 500 L-carvone|l6.5 483.5 -
6 500 L-carvone| 50 450 +
7 500 L-carvone| 165 338 +
8 500 L-carvone| 500 - +
9 500 Citral 0.5 500 -
140 500 Citral |Ll.65 500 -
11 580 Citral 5 495 -
12 500 Citral |16.5 483.5 +/ =
13 500 Citral 50 450 +
14 5C0 Citral 165 335 +
15 500 Citral 500 - +
2
3 As can be seen from the results, YP is capable of
4 absorbing and encapsulating at least 16.5 pl of L-
5 carvone terpene emulgion or at least 5 ul of citral
& emulsion per 10 mg of YP.
7
8 Example 3 - Demonstration of improved terpene loading
8 wiéh surfactant and determination of optimal Tween-
10 80 :Terpene ratio
11
12 The following protocol was performed to demonstrate
13 that the presence of surfactant improves terpene
14 loading and to determine the minimum level of Tween-



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 O - 10%
0 surfactant overnight at 16 room temperature.P%alm

W\é{e\ér?:tgrzf f}ggz at 14,000 17 x g for 10 minutes and the appearance of r%é@%”
terpene 18 floating on the aqueous laygrwas scored. The 19 results are
D The XD B e (CHBERE Tl 16 116 oIS 35 presamm ot
Zerpenesiathe@entrifuged reaction 24 mixture. The absence of free
{erpene indicates 25 complete absorption and encapsulation of the
terpene 26 by the YP. The highest volume of terpene absorbed by 27 the
¥P, as evilefssd Byahebsehesas (RBIHTHERS, Y8 RS t&RHEd dthe
gaximal velume of ahsorer 29 derpene emaulsion: 3031 B3R water.
2005/113128 PCT/GB2005/002011 36 1 Table 2 1Tube 250 Terpene Vol
1096 Twech W AT EreR0 nRg it PR ERERIGIF BB TR HoRY T 11°506-

7- 500 - 2 50§ lgcamsne-E90 O-3500SE 3nB0@stearvone 150 5 345 Si 4

500 L-carvone 150 10 340 Si , _
8 - Baker’'s YP suspension was prepared by mixing YP

9 wirh 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 0f free terpene
18 floating on the aqueous 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 raaction

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



5500 L-carvone 150 33 317 Si 6 500 L-carvone 150 100 250 - 7 500
L-carvone 150 200 150 - 8 500 L-carvone 150 350 - - 9 500 L-carvone

400 0 100 ++ 10 500 L-carvone 400 5 95 ++ 11 500 L-caryg 0
WR2MNIAEE _carvone 400 33 77 ++ 13 500 L-carvone 400 ﬁ‘éﬁ‘?@gﬁgj&‘%’ﬂ

500 L-carvone 400 20 p1 100% 30 + 15 00 Citral 113 0 387 + 16 500

Citral ng%é 3%2 + 17 500 Citral 113 10 377 + 18 500 Citral 113 33 354
]Si 19 6 &tral 113 100 287 Si 20 500 Citral 113 200 187 F 21 500
Citral 13850 3% 522 500 @itrae260 0250 P IHe@Citrdpe 260 5 245 29
24 500 Citra Igggnho %ﬂ() ﬁf?uzé f&g) Citral 250 338%17 + 26 500 L;@._nggge
100 150 + 2 itral 250 120Ut 1000 230 + WO 2005/113128— "
PCT/GB2005/002611 37 1 S| = slight 213 }As caitbe seen ftom I{he
.resuIL aTWeen-8g# concentration of 1% (-e-"T00.uT of 10%pJ Ween-80
in 51000 uf of reaction mixture) is sufficient ta allow 6 complet
of the terBenk in TRE above Féactione | LR 29 Tweén-80 causednp St
improvement in regglts, hereaswith 8 0.33% cancentratigndree g1
terpene-was
4 500 Li—carvone| 150 10 340 sl
5 500 L~carvone! 150 33 317 31
6 500 L-carvone, 150 100 250 -
7 500 L-carveone! 150 200 150 -
3 500 L-carvone| 150 350 - -
9 500 L-carvone! 400 0 100 o oo
190 500 L-carvone} 400 5 85 EREN
11 500 L~caxvone| 400 10 90 -+
12 500 L-carvone! 400 33 77 ++
i3 500 L-carvone| 400 100 - +
14 500 L-carvone| 400 {20 pl 100%| 30 +
15 500 Cltral 113 0 387 +
16 500 Citral 113 5 382 +
17 500 Citral 113 i0 377 +
18 500 Citral 113 33 354 sl
19 500 Citral 113 100 287 s
20 500 Citral 113 200 187 -
21 500 Citral 113 350 37 -
22 500 Citral 250 0 250 MRS
23 500 " Citral 250 5 245 o
24 500 Citral 250 10 240 ++
25 500 Citral 250 33 217 +
26 500 Citral 250 100 150 +
27 500 Citral 250 {20 ul 100%{ 230 +




9 observed. This indicates that: 10 a) Terpenes are absorbed into YP
particles in the 11 absence of a surfactant, but the presence of 12

W

surfactant significantly increases terpene 13 absorption. 14!;@

2005 BNGERRT:

oHCEAPAEON of around 1% is optimum 15 for YP loading as ﬁ%nsures

proper loading 16 whilst maximising th%tgrpene payload of the YP 17

articl§§. 18 Slﬁ El_>1<€1mple 4 - Determination of maximal terpene loading
Oan encapsul%tlon at high Baker's Yeast Cell wall 21 Patrticles (YP)

devels 22 23 The following protocol was performed to determine the 24

fnaximal amounts of lerpengs.that would Joadinio ¥R-2% attigh YP

levels. 26 27 - L-carvone and citral emulsions were prepared by 28
SonicatieES i Bt terpend with-§ miMY 20 TREehC 38 - B85 FRvédn-50
solutionwas,preparecby: sopicating 31 6,5 YsTweedBekisrd Syvl watesw
WO 20051113128 PCT/GB2 0511100201.1. 381-YP sug%%qrseion was

BrepatT By MiKing & Wit wate

= 215 orm 2507 m%?r%l suspensligr?.cst Ton

‘Encapsulstionweactiéis weressetup deshiowanrnd Tabler8s818 Citral or

éf'car‘_’%ﬁgé’é%tg rxﬁﬂ‘ﬂls'@”o".‘@%%niéSﬂé’k&fH’cXEtio%%I}é@eQeﬁ%éH@%@Qt

overnig

9
40
11
12
13
14
15
16

17

18
19
20
21
22
a3
24
25
26
27
28
29
30
31

t at room 8 temperature. Samples were centrifuged at 14,000 x g
observed. This indicates that:

a) Terpenes are absorbed into YP particles in the
absence of a surfactant, but the presence of
surfactant significantly lncreases terpene
absorption.

b) A Tween-80 concentration of around 1% is optimum
for ¥vP 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 intc YP

at high ¥ levels.

-  ILecarvons and citral emulsions were prepared by
gsonicating 4.5 g of the terpene with 3 ml 1%
Tween.

- % Tween-80 solution was prepared by sonicating

0.5 g Tween-80 in 9.5 ml water.



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

olumn labelled 12 free terpene of Table 3. 13 14 The expes i Jee

Wi%rgggﬁlel'glr%?ers to the visible 15 presence of terpene in the cser%l u%]ég i

reaction 16 mixture. The absence of fregderpene indicates 17 complete
absorption of the terpene by the YP. The ]ﬁ8 i hrgst vgl me, of terpene,
absorbed %%/ tﬁ%Wg‘assi &i e%%%ﬁ%fﬁ e%gseﬁ}c% o#fr"ee terpene, =
vas 20 retordedras #iinmeximal golsprnsfiabsorbed terpene 21

muision. 22 23.24.25.26.21.28 20, 90,31 3202005013126,

CT/GB2 8‘;%%%% 39172 ‘fgt Tlbe 250 Terper% Vol 1% Tween-
free mg/MEYR Emulsion 80 Terpene ul pl pl 1 500 - - 500 - 2 500
£-carvone 15 485 - 3 500 L-carvone 37.5 462.5 -

6 Citral or L-carvone-water emulsion was mixed with YP
7 and Tween 80 surfactant overnight at room
g8 temperature. Samples were centrifuged at 14,000 x g
9 for 10 minutes and the appearance of free Lerpene
10 floating on the agueous 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



4 500 L-carvone 75 425 - .5 500 L-carvone 112.5 387.5 - 6 500 L-carvone
150 350 SI+ 7 500 L-carvone 225 275 + 8 500 L-carvone 45050 + 9

@ %ogﬁ%zg 485 - 10 500 Citral 37.5 462.5 - 11 500 Citral ;
387.5 Si+ 13500 Citral 150 350 + 14 500 Citr

G

15 500 Citral 450 50 + 2 3 As can be sggn from the results in Table 3, YP
|s 4 Qﬁggﬂe gf absorbing and encapsulating terpenes at 5 high YP

concentratlon YP_absorbed and encapsulated 6 at least 112 5.pl.0f
L-carvone Tedpehe elfflsion cEefOBREst 7693 of diftaleiglision pBEESS
mg of YP| 8 This,demansitdtes.thalthg terpene encapsidation 9 reaeiiane
is independent of YP cancehfration.withi 1ﬂfhﬂrnnnncfndn 1112 .
WO 2005f113128 PGF/GB2005/002011 | 404 Exampleu% Screen
commercially availaleparticles 2-for tetpene absorpteni3 4 The -
following protocol-was ﬁfﬁﬁwmod to-analyse-the-5-1oadipg-pregerties-of—
different typés of paél(& J’Tﬁ@%‘é‘?ﬂaes Sttdield were"Baker's Yeast
Cell Wall [7 Rarticless(SigmarChemeal£ofdz,. St. |Louls; MO), 8|NutrexTM
Wallls (SepsientFechnalegiesMitwatikee
Z 500 Prcarvone!' 75 425 -
5 500 |L-carvone|l1l1l2.5 387.5 -
& 500 L-carvone| 130 350 sl +
7 500 Li-carvone, 225 275 +
8 500 L-carvone| 450 50 +
9 500 Citral 15 485 -
10 500 Citral 37.5 462.5 -
i1 500 Citral 75 425 -
12 500 Citral 112.5 387.5 81 +
13 500 Citral 150 350 +
14 500 Citral 225 275 +
i5 500 Citral 450 50 +
2
3 AS can be seen from the results in Table 3, YP is
4 capable of absorbing and encapsulating terpenes at
5 high YP concentration. YP absorbed and encapsulated
6 at least 112.5 pl of L-carvone terpene emulsion or at
7 least 75 ul of citral emulsion per 125 mg of YP.
8 This demonstrates that the terpene encapsulation
a reaction is independent of YP concentration within
10 the ranges tested.
11

-
SN



9 WI), SAF-MannanTM (SAF Agri, Minneapolis, MN), 10 Nutricept
WallsTM (Nutricepts Inc., Burnsville, MCAT), 11 LevacanTM (Savory
Systems International, Inc., 12 Branchburg, NJ) and WGPEM@B%' )
R 1
WP %19233 13 Inc. Worcester, MA). 14 15 L-carvone an C|tr/a %% !
emulsions were prepared by 16 sonicajigg 7 g terpene + 3 ml 3.3%

Tween:80. 17, 18 Tahle 4 below campates e ity v thejaupber ok
119 ye I welght/volume ratio.
21 22 f2g rerperss siysoppbhony 31 32 WO 2005/113128

PCT/GB2005/002011 41 ? Table 4 Yeast Particle Purity No. particles/mg

Mg particles/ml % Beta 1,3 glucan Bakers 11.2 4 x1Dt250 Nutrex ZghSe
4.7 1885 &8 ISRP MEh RGP 382 4RfoPgT Formed B0 anatyse

5 loading properties of different types of particles.
) The particles studied were Baker’'s Yeast Cell Wall
7 Particles {Sigma Chemical Corp., St. Louis, MO),

8 Nutrex™ Walls (Sensient Technologies, Milwaukee,

9 WI), SAPF-Mannan®™ (SAF Agri, Minneapolis, MN),
10 Nutricept Walls™ (Nutricepts Inc., Burnsville, MN),
11 Levacan™ (Savory Systeme International, Inc.,

12 Branchburg, NJ) and WGP™ (Alpha-beta Technology,
i3 Inc. Worcester, MA).

14

i5 L-carvone and citral emulsions were prepared by
16 sonicating 7 g terpene + 3 ml 3.3% Tweeh—BO.

17

18 Table 4 below compares the purity with the number of
19 veast particles per mg and the packed golids

20 weight/volume ratic.

21

22

23

24

25

26

27

28

29

30

31

32



Nutricepts 55.7 5.2 x10 37 Levacan 74.6 1x10 19.2 WGP 82.1 3.5x 10
10 2 3 From Table 4 it can be concluded that the number of 4 particles

Wper mgq is

SLAIRE B
suspensions were prepared as follows: ,9 10 - Baker's yeast cell wall
particleg%sgeniion (YP) 11 was prepared by mixing 250 mg YP / ml 1%
“Tween 80

inversely proportional to purity. 5 Thus the numb%r %g{];(;)k‘}a%t(i}c}es2 o1
WGP is almost 6 10-fold higher than Baker's YP. 7 REB2OL

- Nutrex suspension was prepared by mixing 163 mg 13

Nulrexe ¥ &P PartidIeween BOr 14y SAEMamertsudmension Wes particles/ml

pre!)ared by mixing 234 %.Séggﬁigsgr_inger YGP / ml 1% Tween 80. 16 -
Nutricepts suspension was prepared by mixing 99 17 mg Nutricepts YGP
1% Tween 80. 18 - | ev&daitafispension was prepared by mixing 217

/m

mg

101
LTI LT

Bg’]’g@:émi 19/ Tvveﬂn %0. 200 WGP Euiﬂgmsion WaiS preparegk g

by mixing 121 mg WGP 21 YGP 7 ml 1% Tween 80. 22 WO 2005/113128

PCT/GB2005/062011 42 1 TR& packed volunie 8f tHPabove particles &8 + 8

ide
45

ticat 2 WHICH, Iieans that £5]ual numbers of parlgies were 3 assayed. , 7

| oading reactions were set up as-shown in Table 5 and 6lleft to

incybat®evEHTgRESaniples were centrifuged® 74t34%000 x d for 10 37

minkTes angheappearance ok . s ixi0® 19.2
WGP 82.1 3.5 x 10° 10

2

3 From Table 4 it can be concluded that the number of

4 particles per mg ig inversely proportional to purity.

5 Thug the number of particles per mg of WGP is almost

6 10-fold higher than Baker's YP.

. _

8 The YP suspensiocns were prepared as follows:

9

10 - Baker's veast cell wall particle suspension (YP)

11 was prepared by mixing 250 mg YP / ml 1% Tween B80.

12 - Nutrex suspension was prepared by mixing 163 mg

13 Nutrex YGP / ml 1% Tween 80.

14 - SAF Mannan suspension was prepared by mixing 234

15 mg Biospringer YGP / ml 1% Tween 80.

16 -  Nutricepts suspension was prepared by mixing 99

17 mg Nutricepts YGP / ml 1% Tween 80.

18 - Levacan suspension was prepared by mixing 217 mg

19 Lev YGP / ml 1% Tween 80.

20 - WGP suspension wag prepared by mixing 121 mg WGP

21 YGP / ml 1% Tween 80.

[
b




8 free terpene floating on the aqueous layer and the 9 color of the
encapsulated terpenes in the pellet was 10 scored. The results are shown

Win theq t1vf/3,o right hand 11 columns of Table 5. The highest V(EJH,F\
t%?ﬁgﬁe ¥ absorbed by particles as evidenced by the absénc

Dby

terpene was recorded as the volume of absorbed 14 terpene emulsion.

15 16,47 16.19,20 21,22 23 24, 25,20, 20.28: 2930 31 Wy

e 5 Tube Particle conc 41

T erpenb Mol 196 TveedrhFre e Coidurm v a1 £ hdISIoH G180 BFTEREhe 1
ﬁaker'g gg(_) L-carvone 125 375 - W 2 Nutrex 163 500 L-carvone 125
375 - W 3 SAF Mannan 234 500 L-carvone 125 375 -W

4

W I oy L

i0
11
12
13
14
15
16

17

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Loading reactions were set up as shown in Table 5 and
left to incubate overnight. Samples were centrifuged
at 14,000 x g for 10 minutes and the appearance of
free terpene floating on the agueous layer and the
color of the encapsulated terpenes in the pellet was
scored. The results are shown in the two right hand
columns of Table 5. The highest volume of terpene
abzsorbed by particles as evidenced by the absence of
free terpene was recorded as the volume of absorbed

terpene emulsion.



4 Nutricepts 99 500 L-carvone 125 375 + W 5 Levacan 217 500
L-carvone 125 375+ W 6 WGP 121 500 L-carvone 125 375+ W 7

Baker's 250 500 Citral 100 375 - Y 8 Nutrex 163 500 Citral

00 375 -

WERPVHARER 234 500 Citral 100 375 - W — —- - — — - - 10 Nutfigep %Sg ROt

500 Citral 100 375 +Y 11 Levacan 21?1§00 Citral 100 375 +int 12 WGP
121 500 .Citral 100 375 + int 13 - - - L-carvone 125 875 + 14 - - - Citral

i . . : .
1100 988%9 3w = white; Y = yellow; sl = slight; int = 3 intermediate 4 5
ol the zesults the fallamdnp iconclisiopsnveereV6rebthBde?n Pufifieg |Colour
particles with a low lipid QR ent were 8 Jﬁsgneﬁ tive gt ab grbli
g /ML W RArpene
terpenes. 9 - Less megpwﬂ:Ies vvere—nmre—eﬁe%c%w ar“ro%bs TB%”—
tefpehesBateryallow defPadatich brovhict @heitia Was rot>12 formed W
whemencapsutated i SAT-Mapa T35 B58Y On Ghpgtaive foading |~ w
at the single terpene| 14 level tesI}ed SAFE MannanTM appears to be best
1SNt Mizaeond ard Balkd s [fire2 e wR) BHob/113128 - W
PTG g T EXARPIE B KAReHCS 9% terpems loading Into W
various 2 types of particles and different incubation 3-temperatires—4
5 Levacail 217 1500|L~carvone|l25 3 b
6 WGP 121 |500|L~carvone|l125 375 + W
7 Baker's 250 |5007 Citral {10C 375 - Y
8 Nutrex 163 {500: Citral 100 375 - Y
9 SAF Mannan | 234 |500] Citral (100 375 - W
10 | Nutricepts 99 1500, Citral (100 375 + Y
11 Levacan 217 500 Citral (100 375 + int
12 WGP 121 |500] Citrxal 1100 375 + int
13 - - - |L-carvone|125 875 + -
14 - - - Citral 1100 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 taerpenes.,
9 - Legg pure particles were more effective at
10 absorbing terpenes.
11 - vellow degradation product of citral was not
12 formed when encapsulated in SAF-Mannan™.
13 - Based on gqualitative loading at the single terpene
14 level tested, SAF Mannan™ appears to be best,
15 Nutrex™ gecond and Baker’s third.

3
[o2]




5 T_he following protocol was adopted to compare the 6 loading kinetics of
various types of yeast particles. 7 8 L-carvone and citral emulsions were
repared by 9 sonicating 7 g terpene with 3 ml 3.3% Twee 1
wp&/z W80 solution was prepared by sonicating 1 ml 1 ;; 35905/9502911
Tween-80 in 10 ml water. 13 14 - Bak%&f YP was prepared by mixing 5 g

of bakrsP 1 5in Z%ml n-8 16N5tgg>&w Y@Etéu%%?ﬁ%‘?&

Bl\/lann@él;@éﬁgggg!gl% Tween 80 20 21 Loadmg reactions were set up
as shownm T Tabte 6722 23 The reactions were incubated for 1, 3, 6, 9
4nd 24 24 hours at room temperature or 37 C. After incubation 25
§ampb?ﬁélv%r@%%%iﬂ@%9'r@%%é’@0weg ferk miautes 26mantthecne
appearance of free terpene floating on the 27 aqueous Ia er was_scor.
6I'_he reRHS e SHRGT TS Pthe Rvo-Aght frams %olﬁ#ﬁ{s S TabR } E‘E
highest 29 volume of terpene absorbed by the particles as 30 ewdenced
y the absence of fre erpenewas reco ed 31.as the volume of
é;bsorbe(??erpene ému smgng Colour @2 (;J{fgthe encaps%laét{lgd pellet %/fvas
$coredsan24dioins. W 206506183 281RE TIGBR0d5A00 X1MasR58 B u 11 1|

Lhlitu

il 1% Tween-20 solution was prepared by sonicating 1 ml
12 10% Tween-80 in 10 ml water.

13

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

16 - Nutrex™ Y@P suspension was prepared by mixing 2
17 g Nutrex™ ¥GP in 20 ml 1% Tween-80.

18 . SAF Mannan™ suspension was prepared by mixing 2 g
19 SAF Manman™ in 20 ml 1% Tween-80.

20 ,

21 Loading reactions were set up as shown in Table 6.

22

23 The reactions were incubated for 1, 3, 6, 9 and 24

24 hours at rocm temperature or 37 °C. After incubation
25 samples were centrifuged at 14,000 x g for 10 minutes
26 and the appearance of free terpene floating on the

27 acqueous layer was scored. The results are shown in
28 the two right hand columns of Table 6. The highest
29 volume of terpene absorbed by the particles as

30 evidenced by the absence of free terpene was recorded
31 as the volume of absorbed terpene emulsion. Colour

32 of the encapsulated pellet was scored at 24 hours.
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2005/113128 PCT/GB2005/002011 46 J.From the results shown in Table
£ andajng! gobseoations the dplowna,cafelisions,qa bepade: 3

erpene loading reaction takes between 1 and 3 4 hours. 5 Terpene
JoadingsEtivs fdsterat-3e C tHakP ot Boroopm tdripertares o Sxmade:
Mannanib.appears{g pespietciable parfidendol BLvpdegsanand 3

aster and more complete uptake of both 10 terpenes. 11 - Citral remains
4table wH_éfh_Ulééded as 12 evidenced by the absence of yellow colour, 13
gharagteristie of dtral degradaon.afier: 14 24 hawrsyt 36Ce 18, 19

xample 7 - Screen a range of single terpenes and 17 terpene
fombinaticst ok paARTE [odtng 18

7 » SAF Mannan'™ appears to be preferable particles for
8 two reasons:

S - Faster and more complete uptake of both

10 terpanes.

11 - Citral remains stable when loaded as

12 evidenced by the absence of yellow colour,
i3 characteristic of citral degradation, after
14 _ 24 hours at 37 °C.

15 |

16 Example 7 - Screen a range of single terpenes aad

17 terpene combinationsg for particle loading

18

i9 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-380.

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

28 - Eugencl - 4.5 g eugencl in 1.5 ml 3.3% Tween-80.

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



19 The following protocol was adopted to compare the 20 loading

efficiency of Baker's YP versus SAF MannanTM 21 22 Terpene

% Lél;llogggvere prepared as follows: 23 - L-carvone - 4.5 g fﬁfﬂ%‘?/dﬁ'zon

i'3*38% Tween- 24 80. 25 - Citral - 4.5 g citral in 1.5 ml 3.3%

Tween-80. 26 - ThymoI/L carvone mixtyre (T/L)- 2.25 g thymol and 27
225¢gL-c 5m|330 Tween-80, 28 g eugen

j1n 1.5'ml ﬁfé Ween 5.V 29 &e?a%g 1% gé%%gr?&%ﬂlﬁéz mi g%% @

ZTween- 80:W©a2.005/1i3m28:ﬂ@r/@moomézglfu@w in in 1.5

Litral/L-caryoneAzugenol mixtyre (C/L/E) - 1.5 g 2 citral, 1.5 g L-carvone,
1.5geugenolinin1.5 3 ml 3.3% Tween-80. 4 5 Emulsions composed of
4erpene : water : surfactant 6 ratio of 0.75:0.3:0.05 were used for these 7
eXperiments: 9 Incregsingvadumesrefdeepenavametsion waréanixedt 10
with 250 mg/ml Baker's YP_or 250 /ml SAF&\/Iannan];M 11 overnight
@t roo pé’r‘f?ntt?re7 S h&wﬁ rq éfs“c3 79%%nd %rSampﬁes were
Tentrifagedatd«8@0 x g for 10 13 minutes and the appearance of free
erpene floating 14 on the aqueous layer was scored. The highest volume
5 of terpene emulsion absorbed by Baker's YP or SAF 16 MannanTM as
Bviderfoeerisy #i6 Gh¥ORCEGFIrEE (SRIERNA 7ML FdCBIIWEER hERstume

1 §f absgrhed terpene ARiemuision LColous of epoansutatedsterpenes imtte
19 pellet was recorded. The results in Tables 7 anclin8 20 show tSaII7

L3ingle At FETe RombirRtions Rers cure as shown in

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 agueous layer was scored. The highest velume
15 of terpene emulsion absorbed by Baker’'s YP or SAF

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

18 emulsion. Colour of encapsulated terpenes in the

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

20 show that all single and terpene combinations were

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

22 particles.

23
24 mable 7 - Evaluation of Bakexr'’s YP Loading of
25 Different Terpenes and Terpene Mixtures.

Tube |Baker| Terpene Vol 1% Tween- Free |[Colour

{ul) | Emulsion {ul) 20 (nl) (Terpene

i 500 - - 500 - W
2 500 | L-carvone 15 485 - W
3 500 | Li~carvone | 37.5 462.5 - W
4 500 | L~carvone 7 425 +/- W




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

e Mixtures. Tube Baker Terpene Vol 1% Tw
0 @ p o Tweenshreg {0l
%1(5 S|on (1) 80 (ul) Terpene 1 500 - - 500 - W 2 500 Ld:carvone/(all;}g011

485 - W 3 500 L-carvone 37.5 462.5 - X\é 4 500 L-carvone 7 425 +/- W

WO 20 l-_\/1 1'21 ')Q DPT/PD’)nnEInf\O 1Q . C OO0

+- W 6/500 Licarkbng 150735645 %%05’ Tonioneme bre i 1 ¥

L-carvone 450 5806+ & 50BakvOHo( Cltkal 15 4853530 10 500 Citral 37.5 ¥
462.5 - Y—11-800-Citra 75-425~y—12-560-Ci =Y T3 50G;
Citral 150 350+ 3 14500 8lfra‘i’1§35 2753 v! 15 500 Citrali450 50 + Y

16 500 T/Lel5 48HoW n—7@0ﬁrwne37 3462.5 - W 38 500 T/L 757425{- W

19 500 FA=232-5-387-5—+W-—20-500-Fi=1503507
W 21500 TIC 245
275+ W 22 500 TH. 450% 007 23500 Eugenol 15 485 - W
10 | 500 | cicral | 37.5 | 462.5 -

Y

Y

11 500 Citral 75 425 - Y
12 500 Citral 112.5 387.5 + /= Y
13 500 Citral 150 3590 + Y
14 500 Citral 225 275 + Y
15 500 Citral 450 50 + b4
16 500 /L 15 485 - W
17 500 T/L 37.5 462.5 - W
18 500 /L 75 425 - W
18 5G0 T/L | 112.5 387.5 +/- W
20 500 T/L 150 350 + i
21 | 50C T/L 225 275 + W
22 500 T/L 450 50 + W
W

W

W

W

W

W

W

W

w

i

w

W

W

23 500 BEugenol 15 485 -

24 500 Eugenol 37.5 462.5 -
25 500 Eugenocl 75 425 -
26 500 Eugenol 112.48 387.5 +/-

27 500 BEugenol 150 350 +

28 500 Eugenol 225 275 .
29 500 Tugenoci 450 50 -

30 500 Geraniol 15 485 -
33 500 Geraniol 37.5 462.5 -
32 500 Geranicl 75 425 -
33 500 | Geraniol | 112.5 387.5 +
34 i 500 | Geraniocl 150 350 +

35 500 Geraniol 225 275 +




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

Eu&enol 225 275 + W 29 500 Eugenol 450 50 + W 30 50
A3 500 Geraniol 37.5 462.5 - W 32 500 Geraniol
500 Geraniol 112.5 387.5+ W 34 500

w 35 500

FET Rty

g% raniol 150 350 +

Geraniol-225-275-+=\W\W0.2005/11312 T/GB2065/00201149-36-500 —
Geraniol 450 50"2 W] 37 SO0 CAYE| 15485 - Y38 300 C/LJE 37.5 46R.5
-Y 39 50 ¢/L/E¢h 425 -/ 140:500 C/UJE 11i2.5 3875 +/- Y 41500 ¥
C/L/E 150350+ Y42 .500-CH/E225- 25+ - 43-500-CHAE1450-50-+Y
= Y
2 Table 8 -3§valu%9|8n of SAF#fAnna nl?_ga%mg ofﬁf’s 6‘f?eren;t Terpenes
and Terpene Mixtoes.| 4 'Imtre/SAF Terp)éne Vol 1é J%veeni Free colour ¥
(ul) Emugst ’! '4(“ ;‘(1 r1) .er“er"‘ 500—=—=500-+W-2:500t=carvone-15#85
-W 3500 ch rvone 3 "iéﬁ 5é ZHS%O%. carvone 75 425 - 5 500
L-carvone 412.b 387.5|- WCBIBOI) L-¢arkbhe 150 35G:4/- W + b4
42 500 C/L/E 225 275 + Y
43 500 C/L/E 450 50 + e
1
2 Table 8 ~ Evaluation of SAF Mamnnan Loading of
3 Different Terpenes and Terpene Mixtures.
4
Tube| SAF Terpane Vol 1% Twaen- Freea Colour
(p1)! Emulsion 80 {(ul) Terpene
i 500 - - 500 - W
2 500 | L-caxrvone 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 A - W
7 500 | L~carvone 225 275 g [ W
8 500 | Li-carvone 450 50 + W
9 500 Citral i5 485 - W
10 § 500 Citral 37.5. 462 .5 - W
11 | 500 Citral 75 ul 425 - W
12 | 500 Citral i12.5 387.5 - W
13 | 560 Citral 150 350 +/- W
Inverted
14 | 500 Citral 225 275 + W
Inverted
15 | 500 Citral 450 50 + W
Inverted
i6 | 500 T/L 15 485 - 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 Inv
WEIEHPISE 75 + w Inverted 15 500 Citral 450 50 + W Inve

T/L 15 485 - W WO 2005/113128 PCT/GB2005/002011 50 17 500 T/L

\A 1Q.E

oI/ . 334925

NQ7Z \AL DO\

i e

37.5 4625

W18 ENN.TA. .75 425
L —_— T TT'ENT I T

500 T/L 150350 9P W 215500 T/L Rt 275 | W-53 500 TIL 450 50 + W
23 500 Eugenol 50485 - W/ 24 500 Eugieno| 37.5462.5 - W 25 500 W
W DE ENN Euaenel 440 C ha7 & ) \ar ob man .

150 350|- V0 48 500]Eugerie 295 b7 W 25 300 ElgeroL 45050 < 0/ "

20500 GeEaTp/SBIaps -t 21 SO0 Cerol 375325 - W azsh0 |

fse(;%négl?g—}él—zgjwvd 33-509 Feraniol-342:5 88757 W 341500 Geranio]
22 | 3C0 T/L 450 50 + W
23 500 EFugencl i5 485 - W
24 | 500 Eugenol 37.5 462.5 - W
25 1 500 Bugenol 75 425 - W
26 | 500 Eugenol |112.5 387.5 +/~ W
27 500 Eugenol 15C 350 + W
28 | 500 Eugenol 225 275 + W
29 | 500 Eugenol 450 50 + W
30 | 500 | Geraniocl 15 485 - w
31 | 500 | Geraniol 37.5 462.5 - W
32 1 500 | 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 i5 485 - W
38 | 500 C/L/E 37.5 462.5 - W
39 {500 C/L/E 75 425 - W
40 | 500 C/L/B 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/B 450 50 + I

1

2 Inverted = Phase Inverted - solids floating on top

3 - no free oll; W = white; ¥ = yellow.




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/LIE 75 425 - W 40500 C/L/E 112.5 387.5-w 41 500 C/|./ -
W ADB6Y%/L/E 225 275 +/- W 43 500 C/L/E j 450 50 + w%@#%ggﬁr?ég 2l
Phase Inverted - solids floating on top %1’ no free oil; W = white; Y =
yellom%%/go %%%5/1%§&§§SP%TIQG%Z%% (002011, 51 1 Erom the results the
1foIIowmg Observations were Emac?e: 3o Al erpenes appeared to load
4nto Bakées YP and 4 SAF Mannan. 5 - SAF Mannan has a higher
Jerpene 10ae 1< GapRGI, C10B0NAKETS S Jo THE WO ES Y¥king
mixtures of terpenes also § appear to efficiently load. 9 - The terpene
£ugenol appedistsihave a higher 10 density than the particles and water
@s itwas d1-foynd assogiated with the pellet- L2,= Fob ihe SAR:
the higher load levels and 13 lighter particles resulted in loaded particles
84 floating-6Ath&akffage of the aqueous layer for 15 citral and geraniol.
6 Citral was-pratecteddrom.axidation by e SAF J7 Manpandtaioidy

the Baker's YP. -
8 appear to efficiently load.

9 -  The terpene Eugencl appears to have a higher

10 density than the particles and water as it was
11 found assoclated with the pellet,

12 - TFor the SAF Mannan, the higher load levels and
13 lighter particles resulted in loaded particles
14 floating on the surface of the agueous layer for
15 citral and geraniol.

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

18 .

15 The approximate maximal loading for each particle
20 type was determined and ig shown in Tables ¢ and 10
21 below. Percentage loaded represents a ratio of the
22 amount of terpene loaded to the amount of particie
23 present {(weight for weight}.

24

25
26

27

28

29
30

31

32



18 19 '_I'he approximate maximal loading for each particle 20 type was
determined and is shown in Tables 9 and 10 21 below. Percentage

loaded represents a ratio of the 22 amount of terpene load
Wgrﬁ%}aﬁll%]fzﬁarticle 23 present (weight for weight). 24 25 2%8%{3%055}32(}11

30 31 32 WO 2005/113128 PCT/G&ZQ 5/002011 52 1 Table 9 -

Maximal loading in Baker' . . %
LordP IR B.cargee 7' 58 Cital 1 AT08 Thymelocarvons 1:1 75

67% Eugenol 75 67% Geraniol 75 67% Citral/L-carvone/ 75 67%
S Tarpent Vol REehal 5 L oad e WA LA 13 ST el
150 1i33% L-carvone 37.5 33.3
Citral 75 67%
Thymol/L-carvone 1:1 75 67%
Bugencl 75 67%
Geraniol 75 67%
Citral/L-carvone/ 75 £7%
Fugenol {(i:1:1)
3
4 Table 10 - Maximal terpene loading in SAF Mannan.
5
Terpene vVol. loaded pl| % Loaded w/w
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/ 150 133%
Bugenol (1:1:1)
)
7 Example 8 - Evaluation of Terpene gtability in
B " agueous emulsions and encapsulated terpene
9 formulations
10
11 Terpene stability was assessed by the observation of
12 citral formulations for the formation of a yellow
13 colored oxidation product. As noted in the right
14 hand column in Tables 5-8 citral emulsions and citral
15 encapsulated Bakers YP turned a prograssively
16 increasing vellow color over time. However, citral



Thymol/L-carvone 1:1 112.5 100% Eugenol 112.5 100% Geraniol 150
133% Citral/L-carvone/ 150 133% Eugenol (1:1:1) 6 7 Example 8 -
Wg\é%gﬂgl of Terpgne stability in 8 aqueous emulsions an SR
terpene%l ormulations 10 11 Terpene stability was assess%d %/%f%e W6t
observation of 12 citral formulations fok the formation of a yellow 13

colored @4dation pradial, Aspotadndierighicybhged cokiea n Tables

-8 citral emulsions and citral 15 encapsulated Bakers YP turned a

Drogredeiisly Levinefe TG TRRGH dlorovd diie HebweYePRSFRAR T
2005/1,13128, PG/GB2RAG/002Q81 53 1 encapsulation in SAF
MannanTM increased citral 2 stability as evidenced by a reduction or
%bsence of 3 yellow color over time. 4 5 Example 9 - Loading of
F erpergstphunsnal wetsli6g Siie Telimengpromovinimacarned et to
valuate 8 the possibility that terpene loading and 9 encapsulation into
P could be carried out at a very 10 high Yeast Particles (YP) solids level
o allo®bfer £l Hiretnexwpsion B thwdcadad ok Rl &ioh o BVEZ Rafdfsed

bed drier. Theminimal anquntof waterte 13 cempletalydydrate the SAF

MannanTM particles was 14 determined_to be 3.53 g water Eerag Sé)lids.

This B3 BRAEL e RYdidlyPantic Fte RBVG OF Ter O%

very

10 high Yeast Particles (YP) solids level to allow for
11 direct extrugion of the loaded formulation into a
12 fluidised bed drier. The minimal amount of water to
i3 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 rhinning like mayonmaise. 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 EV
28 (3.53 g) to HV + 40% water (4.92 g). Contrcls 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



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 wate to
Wﬁ)ow%l%%%ove the HV results in a thick flowable paste. leﬂé%zg %@1? i

reaction that has been used in the abo%% 22 examples was carried out at
3 X HV water. 23

, 4 A series of terpene (L-.caryone) lgading-reactions
Twere EXHEEEG Keephitg 078 Fatic’ 55 g@ pﬁrﬁﬁaeﬁ%&)gge?%gg% f%l Eﬁﬁ o
0.44:04pedndtafl and c2Z vaoying the arsolmt Gispaes imthelpifent
from the HV. 28 (3, t 09 I5(4.92 9) Gentrolsyvere, 29
3the stéﬁggfdt %éad?n% g)%)étg%gv;yvh?c% llﬁgés{%%f HV %vatg 30 particles only
fand tarperetity rsackions. FolloWrfy SISEFERMY HYN EHIRN SRS of

the mixtres were 32 evallated misrascepically feefieederpensiand WA
2005/113128 PCT/GB2005/002011 54 1 evidence af tceég%r%%gpta e into

fhe pFAERSSIRI fot SPATAEAR RowRHarateREicE By a5sadsing Tow in 3
inverted tukes aver-15 mingtest in Additioratise e pretencewiiee ofivas
ssessed by hydrating the 5 reacti ixture with .2 X MVyvertexiag to
%btainrae % g%r%p?t—:ﬁg (%ép?e%iolﬁl o] f?grltri%és%aer%{ %entrl ugation 7 to
sedimeEntthe farticlelénedyssulaled tbpeeiaTFeBrestleare®hown in
3«E;'able E&}f’l%q\rﬂgf' £4p12. 9 Figs. 7 to 12 show the loading results of the

10 following tubes: 11 - Fig. 7 - Tube 3 12 Fig. 8 - Tube 5 13 - Fig. 9 -
1Tube 6 1Fi€ig.710- Tube &

12 - Fig. 8 - Tube b
13 - Fig. 9 ~ Tube ©
14 - Fig. 10 - Tube 8
15 - Fig. 11 - Tube 10
16 - Fig. 12 — Tube 11
17
18 Table 11
Tubel| SAF | Terpene |Weight| Water Free Flow
g | Emulsion {(g) (g) Tarpene
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 - g1
8 1 L~carvene | 4.64 0.7 ~ Mod
9 1 T~carvone | 4.64 0.87 - High
10 1 L~carveone | 4.64 1.05 - High
11 1 L~carveone | 4.64 1.39 - High




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
%94 4.? ++ 21--80-+ 31L-carvone4.6445-+ 411, <
WO P ¥ rvone 4.64 0.17 - - 6 1 L-carvone 4.64 0.35 - - %ﬁﬂgggﬁ%@%n
4.64 0.52 - Sl 8 1 L-carvone 4.64 0.7 -{od 9 1 L-carvone 4.64 0.87 -
High 0.1 L-caryone 4,64.1.05 Hidh L1 1L -gayoneqh64-1.39 - High WO
l2005/%%1]§§5F35%/TFG5%2‘188];”1}/00“2011 551 The resultsgshown in Table 11
2and FignanetEz paldienstraleapRe e pRfe16ading SreRciHaEth 3
jnto_*ﬁ&?ﬁ“ﬂfﬁ gecuried g&g%&@l@&ﬁiiﬁé gvalupteds Surptsingly,
equivalent loading occurred .5 even when the loading reaction was takin
‘place fivalB¥eaction Wé%en%f%ﬁ%o&&aéﬁﬂa 9%3“%(1
ninimal-amesni:of syatel taHydiate tae: padicles =8 fdiei algsericecef fiee a
terpene was.observed 9 microscopically (Figs. .7 to d i layy. -
fevel iﬁao?“té%leﬁ“él%%héﬂs%pce?ﬁg%asn%éﬁ zgjsyg\ﬁ era1ce§ ?/%a ]é.[% Hn%gg%mg
‘teductitre imite tuabidityofte slpeiaant A 2ospated-toctieaipeies -

only capuol 13 J4.Thesetesultsexiend aps yndsestandiag of the

9 microscopically (Figs. 7 to 12) and in the low level
10 of terpene in the supernatants, as evidenced by &

11 marked reduction in the turbidity of the supernatant
12 compared to the terpene only control.

13

14 These results extend our understanding of the

15 conditions to load terpenes into héllow glucan

16 particles. The flexibility to use a minimal volume
17 of water to hydrate the particles during the loading
i8 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

z1 swept surface dough mixers. The consistency of the
22 final high solids terpeme loaded mixture 1s suitable
23 for direct extrusion to form noodles and pellets for
24 fluidised bed drving.

25
26 Suitable facilities to scale up production in this
27 manner would require:
28 «~ QGaulin homogeniser, or equivalent to produce
29 stable terpene emulsion.
30 «~ Swept surface dough mixing tank.
31 - Extruder.

32 »  Fluidised bed drier.



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 Joading 18 process will allow loading of the terpgp fRTedsh
Wﬂ 1002011
WOAGORS Where the reaction mixture is a malleable 20 dough-h

consistency using standard food-grade 24 swept surface dough mixers.
The c %ﬁ gylca‘ theE%%{ngLglgg %gldéﬂerﬂgg&]g@g@g dnixture is
sunab or 24

27 ma&i‘@&&‘@%@ﬁqwi%é%n@@ﬁﬂﬁimaﬁems@hﬁﬁwl\tﬁiﬁiﬁﬂﬁe
Earoduce 79 stable terene emuIS|on 30_- Swept surface dough mixing
nk. 3 : B2=k idbag-grier. WO 2005/113128
gCT/GBZOOS/OOZOll 561 Example 10 - Evaluation of an interstitial 2
hydrocglloid. agent to aid dlsper5| n in dried. hollo I rticl
%ncapgqttflat(lj%ggaE Perpeﬁe%ompon(e)lnt‘ﬁaé sp(éf3 gr?\%llvh%e(rg ;% hy(%%a%e%e%%
The foliéWirg: protoen! vias adepiddl wlevaldaecthel Fistdee ofapraase
ipterstifipl Dycigeplald torpeeases Bdrawhalou hiean aarticiapene

encapsulated terpene 9 formulations to disperse when hydrated. 10 -

SAF MEHHEHTN Paitficles £ speteniesn sevrsatsrvone 13 -
1 anthan Gum - 194pwArAR, 0. 1% Tyueen 80ss

11 - 0.1% Tween 80

12 -  L-carvone

13 -  Xanthan Gum - 1% w/v in C.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 cof an L-carvone
18 emulgion (L-carvone @ water : surfactant ratic 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 ag shown in
22 Table 12.

23

24

25

26

27

28

29



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 in ' .
W& Zé]ﬁsﬂl-’é%‘rz\%ne 19 emulsion (L-carvone : water : surfa}étanC{}J (r%?i%%gp %éﬁ&(m
0.75:0.3:0.05) with 1 g SAP Mannan angh4.4 g 0.1% 21 Tween 80
contaépi 0 -.1% xanthan gum as shown in 22 Table 12. 23 24 25 26
97 2 ég \7\/6 005/1131.28 PCT/GB200S/002011 57 1 Table 12 Tube

SAF L-darvoreé 044 I%odisuabg Emulsibh Tweent&0 XanthanVisual
observations {3) (o) [0}k 1:344|0:)-810e 56/ wAUGER FluspRs 24 didns
4.33 0.0i7 Uniforni suspension 31 (1.1 4.26 0.14"Uniform| suspension 4 1
1.1 4.12/0.28 Uniform susfhsion |5 1 %1 3.85 0.58 Uniform suspension
6 1 1.1 3733 TFiRer Pniformy i 4 0 Large non-
uniform clumps
2 1 1.1 4.33 0.07 Uniform
guspension
3 1 1.1 4.26 0.14 Uniform
suspension
4 1 1.1 4,172 0.28 Uniform
suspension
5 1 1.1 3.85 0.55 Uniform
guspension
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 Tt may also be worthwhile to include a pellet coating
12 +o increase the stability of the loaded terpenes, and
13 to provide a sustained release of terpene.



sugpension 711.12.2 2.2 Finer Uniform suspension 81 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 r loj

Wﬂ’tﬁ’i’ﬁa_lt’r?ézérying of the particle 6 encapsulated terpene ai&)séﬁéégé%%mgu
hydration and 7 dispersion of the micro%articles into a uniform 8

sion. gem

Sagteas

rotocol performed to compare the 8 MIC of fresh versus freeze dried
17|olIo%ucm@m&rﬂcﬁemmﬁaﬁdﬁem@ﬁoﬂmIé;timn:soamagm)\ﬁﬁelo
pelow p, Table 13.A,simple erpeqe epuigionuas 4 aigo dasted,and the

esults are shown for comparison. 12 13 Table 13 MSC pg/ml terpene
FerpenaEnivisoeBakasSAFMakgaRene formulations are shown

10 below in Table 13.

A simple terpene emulsion was

11 aiso tested and the results are shown for comparison.
12
13 Table 13 MIC pg/ml terpene
Terpene Emulsion Bakers SAF Mannan
Fresh | Freeze | Fresh | Freeze
Dried Dried
L—carvone 3.75 0.1 >0.04 0.01L >0.02
Citral (.94 0.01 0.05 .01 >0.03
L-carvone/ 0.23 0.01 0.03 .01 0.05
Thymol
Eugenol 0.12 0.03 0.08 0.01 0.05
Geraniol 0.47 0.03 0.05 ¢.02 >{0.03
L-carvone/ 6.23 0.03 0.06 0.02 .05
Citral/EBEugenol
14
15 The conclusions taken from the above resulls 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
15 potent than the encapsulated formulations
20 . Terpenes loaded in SAF Mannan™ perform slightly

21 better than Baker's ¥YP.




Fresh Freeze Fresh Freeze Dried Dried IL-carvone 3.75 0.1 >0.04 0.01
>0.02 Citral 0.94 0.01 0.05 0.01 >0.03 L-carvone/ 0.23 0.01 0.03 0.01
.05 ggggnol 5 Eugenol 0.12 1 0.03 0.05 0.01 0.05 Gerag)
W 51 ' ei;[[uql
§80§‘(4 >0.03_ L carvone/ 0.23 0.03 0.06 0.02 0.05 (Citral E{J(%Béﬁg%/?&%u
15 The conclusions taken from the aboye results were: 16 - Terpene
loading into hollow gluc articles 17 rs;to.epha tpene MIC.
1Gene'ra|Iy}gtﬁfégfi%yfrgs%a%e%f?erﬁee emu gio%%%%%%tg% 375 fold less, 19
2potent thawi theh@Acapseiaed fohmulafionsz® STéRsericsToaded iR SAF
MannanT lj !
3 petform.slightly 21 better tham Bakeris,:X Po W EO:2005/433£28m
PCT/GBZK(L)SIOOZOM 59 1 - Freshly loaded terpene compositions
‘perform 25ghayBeRRt AR FredsE RRed-CSTAGsONS F(there may be
some volatilisglon of terpenes from «Aery compositionscauing freezec
drying). 5 Terpenes in a%ueous emulsions are stable for at 6 least 3
Sveeks. 7 @Eiﬁmﬁlé"?? *Efficacy of encapsulated terpenes at 9 pilot
-plant scale against S. aureus. 10 11 Anti-microbial assays were carried

33

énﬂvwg;ample 12 ~ Efficacy of encapsulated terpenes at
9 pilot plant scale against S. aureus.
10
11 Anti-microbial assays were carried out with
12 encapsulated terpenes and mixtures produced at the
13 pilot plant scales against §. 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
1% Terpenes were encapsulated in SAF-Mannan™ at a 2.5
20 Kg scale. A mixture of three terpenes (Geraniol, 275
21 g; Fugenol, 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 Xg) was added to form a homogenous
24 suspension. The suspension was passed rhrough 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 wae 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 gstored at
32 room temperature.



12 encapsulated terpenes and mixtures produced at the 13 pilot plant
scales against S. aureus. Both the fresh 14 and freeze dried
ncapsulated terpene samples 15 containing materials de Hal (g__,
. . - ; '13‘2;?‘7 3002011
S r%’ﬂ“g”é% 1.6 microbial activities. The results are summarised in 1@ aqble

14 below. 18 19 Terpenes were encapgglated in SAF-MannanTM at a 2.5

20K

]385 g, g

s%aée. ,ﬂnixture of three terpenes (Geraniol, 275 21 g; Eugenol,
?hymol, 440 gram was dissolved 22 and homogenized with

100 §j Tween-80 antBteafiwhter. 23 SAF-MannanT"I ¥E6 KFPRas added

to fo

rm.a hnmgﬂenouc 2/ clLichancion Lo BRI A

throu
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TTSTOT HSPEenstionwas PasSStU

Theo d
S =4 [ = r rl\l P4 LILILAYZ
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of the

geERalEWas metibaled Syepyght at roorm 27 temperates@0A sample
b encapsulated terpene 28 was removed and stared at room

temp
30 tr

erafure. Phen29 refm@fiig encapsulated terpene wastthen frozen in

AW/ in’l

powd
2005

froozo. dreiad..Th £ olaet 1.0 1 '
v ASEE | us § R oyl vy uI_IClF. 1TIE IIU&LCeLﬁICU oL Tl IbdprIdlejrlOLS,‘fpene
ébrlv%‘gg g%l?r?c? and stored at 32 Toom te mperature. 33 WO

/1.13128 PCT/GB2005/002011 60 1 Table 14 r Material MIC (ppm)

Staphylococcus aureus assays YGP empty shell control >2500 Pilot Plant

3 Fresﬂﬁo&(ﬁ ilgt Plants Freeze dried 10012 3 thepilet plant sealezoth
an

the fres

ferpe
5

Ww oo ~3 M

10

12
13
14
15
16
17
18
18
20
21
22
23
24
25

reeze 4 dried samples were equally potent on a w/w
néried samples were egqually potent cn a w/w terpene

basis.

Based on the large scale preparation results, the
predicted effective dose of the freeze dried
formulation against §. aureus is 200 ppm {the
formulation contains ~50% terpene w/w) or 0.2 g/L

water.

Example 13 - Efficacy of encapsulated terpenes

against Mycobacterium

Terpene emulsions were prepared as follows:

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

-  I~gcarvone/eugenol - 2.25 g L-carvone and 2.25 g
Fugenol in 1.5 ml 3.3% Tween-80.

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

- Geraniol ~ 4.5 ¢ geraniol in 1.5 ml 3.3% Tween-80.

.  QGeraniol/thymol mixture - 2.25 g geraniol and 2.25
g thymol in 1.5 ml 3.3% Tween-80.

-  Control emulsion - 6 ml 1% Tween-80.



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
wpfglm the 10 formulation contains -50% terpene.w/w) or 0.2 /%/(:;LI% (\}/(\{%%E'em

o9 1IJ—_“‘§<15I?‘ane 13 - Efficacy of encapsulated terpenes 14 g%alns )

Mycobacterium 15 16 Terpene emulsi?gg were prepared as follows: 17 -
Citral - 4.5 g citral i, 1.5 ml 3.3% Tween-80, 18 - L-carv ne/gugen,ol -
525 gEa &nd 225° 9 ERHADIREL B3 398 Tweenz86"20 -
Fugenghu4s3 greugenot iml. ol 3:3%BaaesB0n?l iGerhaiokd 4.5 g

eraniol in 1.5 m] 3,3% Tween-80, .22 - Geraniol/thymol_mixture. - g
%erani%vgjﬁajzg ff? getﬁg?ﬁ%ﬁ’}ln%%e m’f%%o oell'Weeclayr?- Oér%% Clégén r%llgé '

emulsiot6 nss1%Thee oG <28 WeR0osIpER g ocrmulations were
PCT/GB2005/09291%. 61 1 SAF;Mannan TM@- 3 ) a@ssmixes with S

of each 2 emulsion and 7 ml of 1% Tween 80 and incubated 3 overnight
fo encApEFaRSHERrpefES BARTEMEhCF NARERRS UHAE BHcAFSH ST
terpeneformylationsamere. ddhezait and feezedripshandihe powdersiere
aqround toa 6 fing powder, Sus ensio]ps ofhenca@su?teagltl%rgenes 7 (25
g/mIFEREYRRncpsaited iR Bmilsions Were™ % assayed for
antibastetiabactivityiagainstréMycobacteriemeThe tesults are Setdu ind
la’able 15 10

i1 Table 15

Material MIC {(ppm)
Mycobacterial assays
YGP Citral FD 250
YEP L-Carvone/Eugenol FD 500
YEP Fugenol FD 500 .
YGP Geraniol FD 125
YGP Geraniol/Thymol FD 62.5
Control Emulsion >1000
Citral Emulsion 35
L-carvone/Eugenol Emulsion 53
Fugenol Emulsion 105
Gernaniol Emulsion 70
Geraniol/Thymol Emulsion - 53
12 FD = (Freeze Dried)
13
14 Example 14 - Nematocidal Activity of Encapsulated
15 Tarpenes
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%



11 Table 15 Material 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 > i
Wgryﬁ(ﬁéfcl)%l L-carvone/Eugenol Emulsion 53 Eugenol Emulsion 2%% 21
Ggrnaniol Emulsion 70 Geraniol/ThymglLEmulsion 53 12 FD = (Freeze
Pried) 13 14 Bxagwpleld Jepaioddal Selviy.alfpeanslalgdofs cose

erpenes 17' reparations of yeast cell walls encapsulating citral 18
Were pregpeed ateorling: te theeprrdnres dasaribed 40 aFsve. THE S
?OHOWHQQﬁQn&Egﬁd€éfggﬁgge%é£%5%ﬁﬁgé@Q@é@§3§£§5ent at a
PCT/GB2005/002011 62 1 citral, and the particles were present at in the
fest 29srepardticHs & Endemr& B of 1000 ppm. This 3 means that

terpenes were effectively present at a 4 concentration of 175 ppm. 5 6

o R LS o 0] SR S o
as the@drahi9 of water containing root-knot nematodes. 1.0
8 water was added to the nematodes as the control.

9

10 Observations were made as previously described and

11 the kill rate assessed (i.e. percentage dead) after
12 24 and 48 hrs. The results shown below in Table 16
13 are an average of 2 sets of results.

14

i5 mable 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
i8 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



10 observations were made as previously described and 11 the kill rate
assessed (i.e. percentage dead) after 12 24 and 48 hrs. The results

shown below in Table 16 13 are an average of 2 sets of re 4
A1 *Riematicidal activity of encapsulated 16 terpenei%ﬁ%&%lﬁ?ﬁ%ou

% citral @ 1000ppm) 17 Kill Rate Tim Test Control 24 h 4517 48 h 56
21 18 19 The results demonstrate that hollow glucan patrticles, 2 7
CencaRUT G b e are e dhie SR oot ST Kot nate s ot
2 partiche tohteheatiomof $060 2245mA, ahicieemrassonts-iola ciig
F£ONCe]) rfi'&!& 143000y 170 ppMm.24 25 fhys bpllow-gluean-partisies of

encapsulating terpenes 26 appear to be as effective as terpenes in

fsolutich8r IE7 With R F Tt Cag R8T cides2 T he TR Bt daa 2 & adtvity

ds retajngd-despite the-tespene being W@:20054513128&0lution or with
PCT/GB2005/002011 63 1 encapsulated within the particle. It can be
%xpec%ﬁf‘ﬁ%ﬁ%gher concentrations of terpenes within the 3 hollow

plucan pa(ticles, or higher concentrations of 4 the particles would result in

gn even higher KIL5 raig, 253 19 Ca38 At eIReNeFINssRIUIN PE VAN Sna
surfactant: —ampie1t Propertes of Encapsulated and
9 Non-Encapsulated Terpenes
10
11 The following protocols were carried cut to assess
12 rhe fungicidal properties of various terpene
13 combinations, and to compare the efficacy of
14 encapsulated and non-encapsulated compositions.
15
16 Assessment of anti~fungal properties of different
17 terpene formulation
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 detail 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 aliows assessment of growth inhibition, but cannot
30 distinguish between merely prevention of growth and
31 kxilling of the cells. The purpose of the second

32 incubation period is to allow sufficient time and



9 Non-Encapsulated Terpenes 10 11 The following protocols were carried
out to assess 12 the fungicidal properties of various terpene 13

W%)EH%H%BQS’ and to compare the efficacy of 14 encapsuI%%q/gggmsmwu
non-encapsulated compositions. 15 16 Assessment of anti-funga

properties of different 17 terpene formyation 18 19 A microtitre plate
assay was used to_ assess the 20 minimum inhikitor n rati SC
lof a r)c%ug%e%]@ Ikglste%g n %%m%%%%%&ag%%%%e%ﬁa%%ﬁig%ééM :
Drgansmy iTiee assapused RSt ofgamflis £23 deSeribédih 86tait
Jater byt Inporiant general 24 featuresatesas fallovs: 25-26 Eheasaay
uses two incubation periods to distinguish 27 between static (growth
4nhibitirhReRPciRBA2gTRIiIngy SEiviieESTRE RSt é‘g%%tﬁgﬁloé)%o‘i'
gllows,assassmentiafgrendh inkhikition bukeanmot < 3@ distinguish

between merely prevention of growth and 31 Killing of ggﬁf lIs. The
%urpo%@?ﬁgie‘%\ﬁi 35 %c%%gﬁror% %eﬁ%ﬁ isé( o Sﬁov“& sufficient time and
WO 2005/113128 PCT/GB2005/002011 64 1 nutrients for any dormant or

inhibited cells that vive t £xposuretoprolifsrate. Any;cells
%Eat szlelﬁlh%te%d%é%éﬁé%tgﬁ%%eﬁ%ects sﬁguld 4 respond and grow durin%

the sesone indulseiohlpeidd o5 Stere 8ERBNE tTA ek by (T2P 1S
1 §XPosurg to 6 terpeneswillnot grow indhe frespsaediamisIng a subset

11 of strongly active terpene formulations (Table 18).
12

13 A combination of the terpenes geraniol, eugenol and
14 thymol in a ratio of 2:1:2 encapsulated within glucan
15 particles was alsoc tested; this sample is referred to
16 as VP-GET. A non-encapsulated geraniol, eugenocol and
17 thymol corbination in the same ratio was also tested
18 for comparison with the encapsulated form.

19

20 MIC assay using Saccharcmyces cerevisiae

21

22 g, cerevisise (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 aliguots. 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 ulL) of

27 different terpene formulations were added to the

28 first row of the remaining columns, and serial 2-fold
29 dilutiocns were performed by transferring 100 uL 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



8 Initial screening experiments were carried out using 9 a total of 31
different terpene formulations (Table 10 17). These experiments were
repeated using a subset 11 of strongly active terpene formuylat; Afg
Wﬁ%‘.’oi’%ﬁz%\ combination of the terpenes geraniol, eugeno%ag’r?g%si 5%%5%11
thymol in a ratio of 2:1:2 encapsulated wihin glucan 15 particles was also
tested; g sample 3 felertadio. 1688 YECET.A nahiencapsyialed, i -
geraniol, eugenol and 17 thymol combination in the same ratio was also
tésted dBafoesowsarisomowlth teel entapsulateldyforme 19l ZOMSCT 4658y
ing Saccharomyces cerevisiae 21 22 S. cerevisiae (5 x 105 cells/mL in
PD growth medium) 23 were added to each well of a 96-well microtitre
flate 229R1100PE aligoei Widsastoris eslunRrpespRYE25504s
designated asia cell-iuy sepirehand poderens 26 wasaddegdo these

wells. Aliquots (100 pL) of 27 different terpene formulations were added to
the 28 fiat PéW ot ihe reFiaMWREG cordmbs tFamaiséRdP2-folte 2 9 HikiiBAs Y

were performedh by transferrings10Q,pL from 30 one row to the next a total
of 7 times. Finally, 100 31 pl was discarded from the last row in order to
éhsure WO 2005/113128 PCT/GB2005/002011 65 1 that all wells
containetdbe samervolume, Micsatite -2 platesdveteineuaied statically
overnight at 30C. 3 4 Fallowing incubation, [I]._at s were scored for,

N oior A RS uraeh el oy Kot by o nbhed
{275%)amds vistaflpeh confifhhed byamicreseopyd from non-turbid

12 wellg. The cells were resuspended 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 gerially

20 diluted in the 9%6-well microtitre plate asg described
21 for 5. cerevisiae. Molten YPD agar was then added to
22 the wells, together with 5 ulL mixed inoculum

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

25 gtatically for 24 hours at room temperature and spore
26 growth wag visually agsessed by microscopy.

27

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

30

31

32



8 9 Once the MIC had been determined for each 10 formulation, the
microtitre plates were centrifuged 11 and the spent medium was removed
from non-turbid 12 wells. The cells were resuspended in fr é\é& ' o, }(?i
Wa k d the plates were re-incubated overnight 14 at . %%ld‘/ 020t
Assessment of growth inhibition was 1 gerformed as before. 16 17 MIC
assay using a mixed inoculum_ 18 19 T diffeent terp %ormulations
hE 584 TN AGRESIA) Lehun Cranh % escribed 21 for
2S. cerevisiae. Molten YPD agar was then added to 22 the wells, together

with 5 UL mixed inoculum rep. f mouldy grape. leavesto a
3conceTn¥t“r%:%h%%ﬁroequ xﬁ%%ﬁ)égf é/n%l‘i?_gll%g%ates werge incubated Zg ,
sstaticaliy for 2% Roursh rdbmvesmpartie drid Spare* 28 Growthshs 2

Wvisually assessed hy MiGroscopy: 2 ¢25Ruede 1he usemfsalidanedim,)
the second incubation 29 period in fresh media could e peIfag)t_[@Sed.

_ 0
80 3VIRWRISERBSIPLITS PEFMEEL00BIEUIYTL %%81 %%% §sSay using
Colletgirichum graminieolar 213 The Wiffeéient tefpbne fermilations were

‘ava i aWhiaYs Gi A

VR C S aRThicoRP (D Spah i) 6 wors Shti s the dutec
gerpenessanad the plgessed by microscopy.
10
11 Once the MIC had been determined for each
12 formulation, the microtitre plateg were centrifuged
13 and the spent medium was removed Irom growth-
14 iphibited wells. The spores were resuspended in

.15 fresh medium (100 ulL) and the plates were re-
16 incubated overnight at room temperature. Assessment
17 of growth inhibition was performed as before.



7 were incubated statically for 48 hours at room 8 temperature. Spore

germination and growth were 9 visually assessed by microscopy. 10 11

Once the MIC had been determined for each 12 formulatio icroti
W&a%&%%%& centrifuged 13 and the spent medium was rem%@%%i(})@ﬁ%g&l

growth 14 inhi_t_)ited wells. The spores wgke resuspended in 15 fresh
mediyp {300 i) and e ploles werede i ngubalad auemihi aliggm
emperature. Assessment 170 gr%wth inhibition was performed as
Defore: WO 2005/123128 FET/GR20650020¢1P674 TaBIE -2 MIESand
fungicidal MIC values obtained 2 from initial screening of 31 terpene

formujation€*R&ffene SRTFRAARIERE MRS T olletotri SRR R AtiEtion
cerevisiae Aficrobasigrantinteskrer|C CRaIWre=CidaPRFETEIRSE MIC
MIC MIC {I* Geraniol 500 56@ 250chi= 53 &8c((3izi&kiugenot (E) 566=800
125 125125 3 Thymol (T) 2501250{63 NT 6&&00 4 Citral (¢g250
250 63-NT-125 63-.5-1-carypone 258-600-63- NT-125-125-{1) 61666
2000 155 NTE5550 7 61 500 500 250 NT 125 53 8 GC 500 500 125
NT 125 250% GL 500 500 125 NT 125 125 1P ET 500 500 125 NT 125
125 112ECE2E6~PO00E3] ROP 125 195 12 E255087100Q 125 NT 125 125

3 Thymol {(T) 250 250 63 NT 63 500

4 Citral () 250 250 63 NT 125 63

5 | L-carvone | 250 500 63 | wT 125 175

(L)

6 | GE 1000 | 2000 |15 |m% &3 350

TG 560 | 500 250 | NT 125 &3

g lac 500 | 500 125 | uT 135 250

9 Gh 5Q¢C 500 125 | NT 125 125

10 | BT 500 | 500 125 | NT 125 |18

11 | B¢ 250 | 1000 |31 | N7 135 125

1z | BL 500 1660 | 125 | NT 125 125

13 | TC 500 500 T6 | wT €3 &3

T2 7L 500 160G | 63 | NT 63 &3

1% | Cn 506 | 500 <8 | NT 63 63

16 | GET 500 500 23 NT 94 94

17 | GEC 1350 | 500 54T Y 92

18 [ GEL 500 1000 | 188 | NT 788 188

15 | @IC 500 560 47 [N Tee |88

20 | GTL 500 10606 |94 | mT 94 EY

21 | 6oL 7250 1500 51 | nT a7 47

22 | EIC 125 | 250 188 |1 94 51

23 | BIL 00 | 1000 | <12 | T 5% 51

24 | ECL 500 | 1000 | <1z | NT 158 | 168

25 | TCL 500 1666 |23 | wT 9L 375

5% | GETC 506 11000 | 125 | OT 350 500

27 | ETCL 500 | 1000 |63 |NT 125 125

28 | GTCL 500 | 1000 | 125 |NT 550 250

29 | GECL 500 | 1000 | <16 | mT 500 500




13 TC 500 500 16 NT 63 63 14 TL 500 1000 63 NT 63 63 15 CL 500 500
58 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 Wﬁfﬁ %@ﬁm o
WORUYIIHED 1000 94 NT 94 94 21 GCL 250 500 94 NT 47 2757 £F

125 250 188 NT 94 94 23 ETL 500 10QQ,X12 NT 94 94 24 ECL 500

1000 <12 l\l_ 1QQ ’IQQ "Zl-_\ S'O%L ‘JQQO%OO“ 2§5I\\=TN§4 3755(:%6_6_5-5(\0 rnn -
1000 P00 500 47 B00L S 100063 NE 12511 155 26 GTeL 500

1000 125 NFF<% 250 29 EBEL 5099000216 NT 500 560 W2
2005/113128 PCT/GB2005/002D011 68 30 GETL 1000 1000 T5N T815
31 GECTIL @800 200G Gt (Z:112NT NT smatio naw/w/w) 7Y P-GETR 8 391
98 NT; 20 20_(G.E:T ratio of 2:1:2, w/w)|NT, not tested; YP-GET,
yeast-enc Wulat)ed GET formulation. a [Terpene compinations were

mixediin (vv/w\ ratio unless otherwise indicated.lb MICslcalculated
by terpene EBTtEAL. 8 391 o8 | NT 20 20

{G:E:T

ratle of

2:1:2, w/w}

-]

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

& Terpene combinations were mixed in a 1:1 (w/w) ratioc
unless otherwige indicated.

b MTCOs calculated by terpene content.



12 WO 2005/113128 PCT/GB2005/002011 69 1 Table 18 - Repeat
assay to determine MIC and 2 fungicidal MIC values Terpene

Saccharomyces mixed microbes Colletotrichum formulatio IS
W@&Pgtséldﬂ%% graminicola a (by No.) mouldy grape leaves Eﬁ%%\gg(@g?mu

MIC Cidal MIC Cidal MIC MIC MIC T @ NT NT 63 NT NT NT L (5) NT
NT 250 NT NT NT GE (6) NT NT.NT.N C.(L: 250 NT
NT NF%%I%% %%9%%%5&%3? 35 e?ﬁ%%%%ﬁ%@%%am 250

500 Clu@B)NTNT B00 NT1L25500 GET (16) NT NT 375 INT 188 375

GEC (17) 250 500 NT NT NT NT_GCL (21) 250 500 NT NT 375 750 ETC
(22) 15F9BGNT NT §2°EB8 TYTo03) NERPF F5799°Fag 730 U 15"
NT NT Z50NFRIRN FeT@LsR28) NT NT 750 M FO4T7T5 ETEP{H™T NT
500 NT: 8,680. GECL (29) NT NT 1000-TLA&YT ddpe’ P-GET 98 195 NT
NT 39156 (G:E:T natio of 2:1:2, W/w)| Ceaves *
MLC Cidal MIC Cidal MIC Cidal
MIC MIC MIC

T {3} NT NT €3 NT NT NT

L (3} NT NT 250 NT N NT

GE (B} NT NT NT NT 125 500

EC (11} i25% 250 NT NT NT NT

T {13} NT NT 250 nNT 63 250

TL {(14) NT NT 500 NT 250 500

CL {15} NT NT 500 NT 125 500

GET {16} NT NT 375 NT 188 375

GEC (17} 250 500 Nt NT NT NT

GCL (21} 250 500 NT NT 375 7546

ETC {22) 125 250 NT NT 24 188

ETL {23} NT NT 375 NT 188 750

ECL (243 NT NT 750 NT NT NT

TCL {25} NT NT 750 T 94 375

BTCL (27) W NT 500 NT 63 500

GECL {29) wT NT 1000 NT NT NT

YP-GET 98 185 NT NT 39 156

(G:E:T

ratio of

2:1:2, w/w}

NT, not tested; YP-GET, yeast-encapsulated GET formulation.
NOTE: Samples were assayed in duplicate. If different values
were obtained betwesn duplicate samples, the higher value has
been presented. No duplicate gamples differed by more than one
2-~fold dilution.

w00 =1 O o W

arerpene combinations were mixed in a 1:1 {w/w} ratio unless

10 otherwise indicated.



3 4 NT, not tested; YP-GET, yeast-encapsulated GET formulation. 5
NOTE: Samples were assayed in duplicate. if different values 6 were
obtained between duplicate samples, the higher value has cgﬁ -
5 : i _ 5002011
Wgrg}g@ﬂfg&ﬁgNo duplicate samples differed by more than oneZ ég-?ozl%h 00201
dilution. 9 aTerpene combinations were,mixed in a 1:1 (w/w) ratio unless

10 otherwise indicated 2005/113128 PCT/GB2005/002011 7011 x
]104 cells/mL"s?oél% gﬁ%%ye\slrla%nsocic MTCS calculated by terpene content. 3
2 Mixéd inocHitin “&6 VaRRT &R Rttt hresents a number of

Pproblems. 7 The variability in spore content between preparations 8
iesult%iifx%%ori interassay reproducibility, and 9 growth of contaminating
organrsmvmpeéeﬁil?scoring 10 of spore germination. Unicellular yeast
Species are 11 particularly problematic in masking spore growth. 12
@'thOU@Qﬂi’fgC&?%&@@&%%@@mﬁ qhtainggdfrom thisndarassaypanblens .
Inhibitory effect of te_ri)_enes,was observed. 14 15 Identificatiog ofas]p res o
Was edSir HARHGREONAY oF 1 ERTE For At St ay TR during the nitial
screenikg 17m@ssay asatager armskernofsporeswereiisetyls and

approximately 50/well versus roxim : | re-data,
ébtainga %fﬂi%r%/got%ecrgrﬁ\ég ég“é%;/ﬂrh yo%gyljsglgv%%pége?eﬁ@ Ecbeitn

20 provide a more reliable estimate
16f MICo21s22:Colistotrichaini gramirigglget3ular yeast species are

11 particularly problematic in masking spore growth.

12 Although precise data could not be obtained from this
13 assay, an inhibitory effect of terpenes was ohserved.
14

15 Tdantification of spores was easier during scoring of
16 the repeat assay than during the imitial 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 ¢ use of l-week-old texpene sclutlons

28 s use of freshly prepared spores, which had a

29 higher viability than those used in the

3C initial screening assay and may therefore be
31 more difficult to kill.



24 The generally higher MIC values obtained from the 25 repeat assay
compared to the initial screening assay 26 may be due to: 27 use of
1-week-old terpene solutions 28 use of freshly prepared spores, which
Wl?aﬁ“g”ﬁlﬁﬁgher viability than those used in the 30 initial sc?gérﬁ%lggz%jéfsﬂgfpu
and may therefore be 31 more difficult tplkill. 32 WO 2005/113128
PCT/GB2005/002011 _71 1 Comparison of terpene formulation f
%muls% Se3untiTthe gar%% ?ﬁéeé%rr?n% g‘tﬁﬁﬁosn\i%hgﬁ e%%%s‘gfg%é ?13% ﬁ]s
hollowrglabartparticies: Sacusnenfetnwrdiiche WigsCeasaas ated
YPD giowih medinmd 000D nas added teeach elhol-d2 988! s1ae
microtitre plate and aliquots of different 8 terpene formulations were
4dded¥&Ehé Fird®W, 9 giving a total volume of 200 p.L in this row. One
£0 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
fansfeffiflg TOR'B RT3 one FowHs )th}%’%x?gq%gal Bt 7mies Enalg t
%00 14 phowasHisearded from ¢the lastsowrid crdertocensuré 45 flatraht
ells contained the same volume. S. 16 cerevisiae (5x_1 I|s/mL_ jn
gPD gFoeﬁl%e%%d?uorﬁ?@%elr%nt evﬁrea de%gfgé:aé:l&%w%ﬁ?n%%gp% g?i“qdots,
and 1&ihve absorbarivelateZomm (5620)0vad midasuréd féiceach I%well

1using a.micratitre.plate teader, Microtitrg 20-plates,were ippubatedng no
statically overnight at 30C. 21 22 Following incubation, the A620 was
g%easuﬁﬁya@aﬁ]gﬁa added to these walls. Serial 2-fold

12 dilutions were performed by transferring 100 uL £from
13 cne row to the next a total of 7 times. Finally, 100
14 uL 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 uL aliguots, and

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

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

22 -~ Following incubaticn, the Agmp 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 uL) and the

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



23 plates were scored for inhibition of growth (?750). 24 Growth inhibition

was visually confirmed by 25 microscopy. 26 For the free terpene

emulsions, once the MIC had been 27 determined for eac:gJ Hiﬂi Ao
W&}%O(r]ﬁf%:%]t?fsre 28 plates were centrifuged and the spent me ig)%rn}awas §9

removed from the growth-inhibited wellslzThe cells 30 were resuspended
in fresh mediur;%loo L) and the 31 plates were re-inceurb&t)%gn ggerrgght at
Boc. WS 2H0EAI3138 BEFIGRIGUSIB020TE 751 Assesiment of
growthhihslriion was performed as 2 before. 3 4 MIC and fungicidal MIC
esults are summarised in 5 Table 19. 6 WO 2005/113128
CT/GB2005/002011 73 1 Results 2 Table 19 - MIC and fungicidal MIC
YaluedGbtatmetl Brfroiriceb Mg o BE terpEnat6rmiuriBha SRfainst 4
sacchargmyces cerevisiae Terpene Yeast-encapsulated Free terpene
emulsions formulation formulations b* (Reference MIC Cidal MIC MIC
€idal MIC Wo) G (1) 111 NT 250 250 E (2) 131 NT 125250 T (3) 115

NT 125 250 C (4) 118 NT 125 250 L (5) 254 NT 250 500 GE (6) 118 NT
250 500



GT (7) 108 NT 125 250 GC (8) 113 NT 125 250 GL (9) 117 NT 250 500
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

W?ﬁ“@é‘%ﬁe) 119 NT 63 125 GEC (17) 119 NT 125 2%0%‘%[%%3@% o
NT 125 125 GTC (19) 115 NT 125 125 gTL (20) 119 NT 125 125 GCL
(21) 234 NT 125 125 ETC (22) 14 INT 125 125 ETL (23) 123 NT 125

o5 ®3 NT 63 125 TCL (25) 611 NT 125 500 GETC (26) 61 NT
53250, E101 (27 170N 63 125 STELE5)18NT 125 12510

005/1 13128 PCT/GB2005/00201.1 74 GECL (29) 125 NT 125 125
GETL {3011 22 RER12BO50F GECTENBIN2 26 NTUDB ISR GRTYEES
§atio, 125 A NT-425250 mdvdw) YRGET (G:E:T ratio 125 NT 125 ° 250°

Terpene Yeast-encapsulated Free terpenge emulsions
formulation formulations > ¢

% (Refarence

o) MIC Cidal MIC MIC Cidal MIC
G {1 111 NT 250 250
B {2) 131 NT 125 250
T (3} 115 NT 125 250
c {4) 118 NT 125 250
. (5} 254 NT 250 500
GE (6) 118 NT 250 500
GT {(7) 108 NT 125 250
GC (8} 113 NT 125 - 250
GL (9) 117 NT 250 500
ET {10} 131 NT 125 250
EC (11} 126 NT 125 250
BL (12 129 NT 125 250
meo{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 1256 250
GEL (18} 121 NT 125 125
GTC (19) 115 NT 125 125
GTL (20) 119 NT 125 125
GCL (21) 234 NT 1258 125
ETC {22} 124 NT 125 125
BT {23) 123 NT 125 125
ECL (24) 63 NT 63 125
TCL (25} 61 NT 125 500
GETC {26) g1 NT 63 250
ETCL (27} 120 NT 63 125
GTCL (28) 124 NT 125 125




of 2:1:2, wiw) YP-ETC (E:T:C ratio 125 NT 125 " 250 ° of 1:1:1, w/w)
NT, not tested; YP-GET, yeast-encapsulated GET formulation; YP- ETC,
W}i)]east encapsulated ETC formulation. aTerpene combinatl %5%%%911

Ry \lﬁ ) ratio unless otherwise indicated. Yeast- encapsulat

formulations unless otherwise indicated., 4 MIC calculated by terpene

contert-Noef-pReapspHated-emuisio .fu.... ation—t-2-Farkoth-th
'GE{:‘L 2970 175 N1 C128Y
terpene_emulsions and yeast-encapsulated. 3.terpenes MICs wele

125

typicall§t2638pm, with theé Fost 4 active’frmulations infibiting growt>°
at -60{ ppRES MIC values obtdined for the 8fpene emulsiotts werg 6 230

similar 1o those obtained for their regpective yeast- [/ encapsulated

formulatipns; whendifferent vatues-8-were-obtamed; they onty differed by

appro (lmgtely 9 one 22- folqzcglution. 10 111\Many of the fr. 6 terpene
emulsjons weére fungicidal at™ 12 the|growth inhibitory MIC, with the

250

majorlmV%éinng 13 fungicidal activity at a 2-fold higher concentration.

14 WQRZ20657113128 PCT/GB2005/002011 75 1 These results

demonstatethaidespenes encapsulated 2 in glucan partg:sles are|at Ieggg .

as effective at.3 killing fungﬁ% as nor- encaﬁgulated forms:

W ~1 oy Ul ol W B

el e
B W N e O

w/w}

YP-ETC
(B:T:C ratio
of 1:1:1,

125 N 125 ¢ 250 °©

w/w)

NT, not tested; YP-GET, veast-encapsulated GET formulation; YpP-
ETC, veast-encapsulated ETC formulation.

*Tarpene combinations were mixed inm a 1:1 (w/w) ratio unless
otherwise indicated.

Pyeagt-encapsulated formulations unless otherwise indicated.
“MIC calculated by terpene content.

“Non-encapsulated emzlgion formulation.

For both the terpene emulsgions and yeast-encapsulated
terpenes, MICs were typlcally £125 ppm, with the most
active formulations inhibiting growth at ~60 ppm.

MIC values obtalned for the terpene emulsions were
similar to those obtained for their respective yeast-
encapsuiated 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.



4 Additionally the encapsulated compositions used may 5 have had
reduced potency due to having been stored 6 for 45 days at 4C and
having a sub-optimal terpene 7 content of -4% w/w.8 9T ,ﬁ%%q 011
Wgeﬁ%}ér%fﬁg%ngicidal activity involves a 10 centrifugation st%%, w |(§{l{1}t5%02
attempts to separate the 11 microbial cells from any residual terpene in
the 12 growth medium by producing.a pellet,of cells at the Jf13§ ttom.of
the well* s Egﬁ&#g?hegrg?ggfgp%%%d% t|n Faersi mediaearcp: g|3ncubatee(§1
for a secoplivirae incthe: 151alssence efttelpasd. Howeddedieve at

sentilygaton step, 46 canotaiscininaie bepueen migebial ool and

yeast 17 particles, therefore when yeast-encapsulated terpenes 18 are
tsed, HEEH peRdtwill B0 EBAERE tefpere- 1918384 yBESt PRt Rs
a resulthath-the yeast 201 padicesand the maicrehialeeliseare thea:2dd
resuspended in the fresh medium, %23 This mepggdo!%gx iis%e 1i:s not.
Bonsidkréd fo affe¥t 2a'the fe<tite otRAmMEd iR tHE expRiimants described

25 abauenfomthe édlowisgweasons. 26 27 In previous experiments,

rpene emulsions have 28 been used instead of terpene-loaded yeast
particles 29 and fungicidal activity has been clearly shown. 30
EncapShiated serpehes Ges eslehned ngifasion! LAY BRedlyiRs 2

1 Between the ¢encentralionsel,32 epcansuateddgienes agbtheate the
concentration of WO 2005/1133.28 PCT/GB2005/00201.1 76.released

Herpen®s 7 - &drrGindih g ThetiuthYs SHUICkIF re &EHEE T hus™ fifSving

1eentrifggafigh medium by producing a pellet of cells at the
i3 boctom of the well. This pellet is then resuspended

14 in fresh media and incubated for a second time in the
15 absence of terpsne. 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 vyeast 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 trhe 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 encepsulated terpenes and the concentration of



3 and resuspension in fresh medium, the concentration 4 of released
terpene in the growth medium is likely 5 to be well below .that required for

rowth 6 inhibitory activity. 7 (r) There was no growth when_t
“%%%Oélg?ﬁgicidal MIC well were plated onto solid agar 9 ﬁg@fﬁ%ﬁ{%ﬁl

When plated onto solid growth 10 mediym, diffusion of any residual
terpene 1 throughout the large. volume of the agay. tqn£%{%§plg%in a
Tocal te%é%%%%%%e%ﬁ%ﬁ%ﬁ? atis Igﬁog?gﬁ?ﬁ%ﬁ%g growth inhibition.
The lackrof. 44 lgrowtiz floadthe Ebments of feflingiceal MIic Wet15n
fnust thergloredys, dug-ta niial ngicdal 16.aguuly. i goBtasieihenat,

IC was obtained 17 that was lower than the fu%?gmdal MIC and the 18
Eontent$6f HRLFACSFelFHErePRited drits sSFFTEraGRY oWt Tneditift Y
growth was gbsgeved, indisating20 adungistaicRfieciz2wt22 Example
16 - Preparation of Encapsulated Terpene 23 Compositions for Field

frials 24 35 PhEP¥pBSE OF thelfollowing protocol was to 26 encapsulate
a terpgnegmpositian irtofralievnolican 27 particlesdassuisetuent field

trials. 28_29 Materials; 30 Thymol (supplied by Alpha-Gamma

%:orporaﬁ%?ﬁléﬁzeﬁglc(sw%gﬁeag %géilgel‘ig%&m?ﬁ%&o?&fﬁa%oﬁ?afz

Geraniok(stipplieddyiAtpha-Gasmma Gorpdration) WO1L2605/1 98128
1ECTICBA0036020 1, 1i90Ee- Asupiled byl Gamma

orporation

11 throughout the large velume of the agar plate

12 results in a local terpene concentration that is

13 too low to cause growth inhibition. The lack of

14 growth from the contents of the fungicidal MIC well
15 must therefore be due to imitial 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 cnte 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 subseguent field trials.

28

29 Materials:

30 Thymol (supplied by Alpha~-Gamma Corporation)

31 Fugenol (supplied by Alpha-Gamma Corporation)

32 Geraniol (supplied by Alpha-Gamma Corporation}



2 Yeast Cell Wall Particles 3 Xanthan gum. 4 5 The yeast cell wall
particles were obtained from 6 Biorigin (Sao Paolo, Brazil) under the
trade name 7 Nutricell MOS 55, and were manufactured by Acucareira 8

W@ﬁ&?ﬁ%‘?‘ﬁ%%sina Quata, Quata - Sao Paolo - Brazil - 9 Zip RO4eBre g1

000. The particles are a spray dried 10.cell wall extract of S. cerevisiae

and are a free 11 flowing powder. of li ige to tan colour. 12 13
Protocol: THE Ao mé%'}gg’o\ié)?%aéysgt%‘ta%%eg f_octfaa{nT a1§ K of partic &,
but canssmplyCbé cdediupsortis larger production. 16 1. Prepare

erpe ixture - mix 375 grams of 17 Geraniol + 525 grams Eugenol +
§600 gr:}gan@sg%%%f%mol and stir in a glass flask. 19 2. Prepare 6.2 L of
4% Tween 80 by mixing 62 20 grams Tween 80 in 6.2 L water in 2 gallon
21 whitg bugket Mix e forpa solulion: 2212 Adgk62 giRraS XadtEapeum
to Tween solution 23 and stir to dissolve. 24 4. Prepare terpene emulsion
By mixiiPi iy éga@rp%?%lﬁlixtﬁf@ﬂz-]&ﬂ‘i%%ve%h 6/785@% 26
Kantham guin- 1 white busket asidgupatyromRiE mixerr 28 InAdd LGB0k ra

rams of yeast cell wall.partigles - .29 mi in int mixer to fo —
%niforrﬁ%%tguéﬁegrfs\ili% %88%73113 %Héc% Bgo%%)/%]oéong%zfé
Add theiterpeieehision &F Gtep e thavhjcdsteef YalPpalicis Whied

18“””938f9“%a11 extract of §. cerevisiae and are a free

11 flowing powder of light belge to tan colour.
12
13 Protocol: The following protocol was sultable for a 1
14 Kg of particles, but can simply be scaled up for
15 larger production.
16 1. Prepare terpene mixture - mix 375 grams of
17 Geraniol + 525 grame Eugencl + 600 grams of
18 Thymol and stir in a glass flask.
R 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 gtir to dissolve.
24 4. Prepare terpene emulsion by mixing 1.5 Kg
25 terpene mixture + 6.2L 1% Tween 80/0.1l%
26 Xanthan gum in white bucket using polytron
27 mnixer.
28 5. Add 1,000 grams of veast cell wall particles -
29 mix using paint mixer to form uniform

30 suspensiocn.



3 a thin mayonnaise-like consistency. 4 7. Pour terpene mixture into cans
and incubate 5 overnight. 6 7 Results: Encapsulated geranoil, eugenol
and thymol in 8 hollow glucan particles was obtained as a geﬁg I&g 9
-  PCT/GB2005/002011
Wﬁ)a (}t@é&'Y %zgasny converted to a dry powder by 10 conventional spray
drying techniques. The paste is 11 the jliguid” composition referred to in

the following 12 protocols, and the "powder" is the spr. ried f 13
14 Examgle 172‘53 ieqa?riglgr(ﬁ%}l%a%%sﬁ\%ﬁéaq'e%er% E S%O%pf)&g?t%on on
Downy Mildewykast7 hedrapes]doway rhildew ivbadsedbyithe flrdgderm
48 Plasmoparg, viola, yuhjch jnfects viaeyards.1 weddide and can
cause devastating losses for 20 grape-growers in terms of crop yield and
4vine 21 qlalit? The foFGRSRRIEKS THE Uil B dCaMgré8i! 2155718 bfthe
yine, causing thedgavegto wither and 23 the flowers and berries to rot.
The disease 24 manifests as irregular pale yellow or yellow-green 25
@pots on the upper surface of leaves, with dense, 26 white-grey,
gottonsikedlagal groveth=oovetiag theraiuntlersideefite wad [diprsl in
errie y also.be 28 cavered-wi d th,and, ing
gn theigé}%[f?ﬁve %%Fn?gaigrﬁrreﬁég :'][-VL{\I%’% lﬁ%%vnggr% sﬂcj);f%’é({,)rhcl rﬁa)% n%(ct%%;(r)é%ofte{?r%l1 ©
at all. Dewny mildewds spreaPiiT6UFS thé 313iSFeTsaPHISF0reE by the

. Wind apd,rain, and. 32 reguires wetconditions-forinfectionHeisWide is

1200_5/11312\8 F}CT(GLBZO 5/002011 79r1 Eag?g&ar{y{)pﬁ?l%@gﬂ%éﬂlowing
énvirofents hRilgh composition rele

12 protocols, and the “powder” is the spray dried form.
13

14 Example 17 - Field trials of Encapsulated Terpene

15 Composition on Downy Mildew

16

17 In grapes, downy mildew is caﬂsed by the fungus

i8 plasmopara viticola, which infects vineyards

18 worldwide and can cause devastating losses for

20 grape-growers in terms of crop vield and wine

21 guality. 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 digsease

24 manifests as irregular pale vellow or yellow-green

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

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

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

31 dispersal of spores by the wind and rain, and

32 requires wet conditions for infection. It ig



2 humidity. Preventative measures are recommended for 3 management
of the disease, with early applications of 4 fungicides followed by repeat
applications at 5 appropriate intervals. Resistance has arisen to some. 6
Wﬁ)e%ﬂﬂé]rﬁ]sz,gand although the development of 7 resistance canl e/
minimised by rotating the use of 8 different fungicides, it remains a
jEroblem. 9 10 he pur os% of thiﬁtrial was 1o inélggg ate the.11 efficacy
f the RATEpSUatsd Yer%:‘éﬂ foTRUrAtion-9f 12 Example 16 (YGP.GE
suppliedrasd iguid dreowdéer 4 By e prapdiedsfomnalatiprnfocthged for
prevention of 44 downy mildew:in grapes., 16,16.Eeuradiacentlockse of

each covering 0.1 ha, were 17 identified on site 20 in the Kir-Yianni

YineyafdnI B-IGREr- Yankried 3ovh& ORfeyardaPan @évatioh 6f300 20

£n. It is;bordered bya mixed-eakdorest on;ithe Nosth Rdsand wesh ad some
overlooks orchards and vineyards to_ the 22 south and east. 24 All

four bIEEREFEE Heen Fagtetwi At SRS 28 DrEHTERPHorts application
of the tespeBe Abformutation. Om 261 ume 2004; dwetcithefber bloeks 27
ere sprayed with the tetpene powder f tion.a se of either
%I.S g/L%%%?f’ s?ee k56 %r%jacg%g% ﬂ]gst%r%#%éF%u%g %%L%.QAigihird block
vas 30 treated with conventional Bordeaux mix plus wettable 31 sulphur,
1gnd th%ﬂ%fg@%’ gdhlogl was;lgftuntreated VO, 200944 3128 e the

PCT/GB20 2011 80 1 The vines in each block were monitored for
1§gns(ﬁfficacy of the encapsulated terpene.formulation of

12 Example 16 (YGP-GET) supplied as a liguid or powder
13 {spray dried) formulation, for the prevention of

14 downy mildew in grapes.

15 |

16 Four adijacent blocks, each covering 0.1 ha, were

17 identified on site 20 in the Kir-Vianni vinevard.

18

19 Kir-Yianni is a 35 ha vinevard at an elevation of 300
20 m., It is bordered by a mixad_oak forest on the north
21 and west, and overlooks orchards and vineyards to the
22 gouth 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 spraved 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.



2 downy mildew over the following week. 3 4 Four further adjacent

blocks, each covering 0.1 he, 5 were identified on site 18 in the Kir-Yianni

6 vineyard. All four blocks had been treated with 7 multiple qu_ﬁﬁ 9&9{011
W%Zgg%%galﬁ%n of the terpene 8 formulation. On 26 June 20(5%, two o?'tlrwe

four blocks 9 were sprayed with the terpgpe liquid formulation ata 10

gose ofgithet 1 all or 4 g/l (Rigure 21)(pote; 1.9 11 of the terpepe liqyid

ormulation has a volume of 1 12 ml). Of the remaining two blocks, one
Was leRIgWnFddeavarny stie Wes Soralyed \With WRkki(r), a 14
gonventional treatment for downy mildew, on 28 June 15 2004. The vines
in each block were monitgred for 16 signs of downy mildew over the
ollowifig Week 1 7¢8 RS BGHRS el I e R rp&is BrofiG Wa¥aplied st a
19 rateweirE2 0 kiha. 2022 lothe {allowiag growHestageswifdhe grapes

ere 22 recorded: 23 ; bud break, 26.March 2004 24 - bl 1. June
S0a S S B el e RO LA
Flace preleraisenp:28129 tkhep2004 giowmgseshinis ekcepionglgpene
lgte and 30 was-wet throggheyt. Risease pressiiig, fiom down¥o3: blocks

mildew was extremely high, botrytis levels were 32 elevated, and powder

] 1]

Y
Rildew s SRF RS BaEME PR G SBB8PR 318 P E THEEDObBIOE AT @
181 dose of either 1 g/L or 4 g/L (Figure 21) (note: 1 g

11 of the terpene liquid formulation has a volume of 1
12 mi). Of the remaining two blocks, one wasg left

13 untreated and one was sprayed with Mikal®, a

14 conventional.treatment for downy mildew, on 28 June
15 2004. The vines in each block were monitored for
15 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

Z1 The following growth stages of the grapes were

22 recordead:

23 - bud bresk, 26 March 2004

24 - bloom, 1 June 2004

25 - veraison, 6 August 2004

26 |

27 The study a@plications took place pre~veralison.

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.



1 Both the powder and liquid YGP-GET formulations were 2 stored at
room temperature. No special storage 3 conditions were used. 4 5 Details
of Comparator Products 6 7 Powder formulation trial: Bordeaux mix
WHAMIALAEd 8 by Manica Spa, Italy, packed in Greece byF e
Chemicals SA; wettable sulphur. 10 11 Liquid formulation trial: Mikal(r)
(fosetyl-al 50%, 12 folpet 25%), manufac uredﬁb Bayer CropScience, 1
HistribBRTin CR Y B BayRr I—I]e]ﬂgg]éy AT g%o%r)égénr%ﬁf(# products -
were appliedassfollons: HFe@ne-applicationtieforebud-breakasasdosage
f16 1(:50 g_i@ilgylvgdwtéy:two moye applications per year at 17 a dosage of
.5 g/L."A'spraying raté of 1000 L/ha 18 was used for all three
dpplications. 19 20 Powder formulation trial: Bordeaux mix (2 g/L) and 21
wettable sulphuir (2 2-gHh) Wl e AP plisdR-26 June 22 2004. 23 24 Liquid
formulation trial: Mikal (3.2 g/L) was 25 applied on 28 June 2004. 26 27
¥ines were visually examined for symptoms of downy 28 mildew. onset of
the dispasasvasmarked byxan 29averageof-tieaaity spais penledfctured
Treatments that 30 prevented the appearance of further t ;
éonsid@?’e&&?&ﬁfoa\’/i & %ffe%\% \f)f‘o %%?)cr? %g%%s{;r;éze Swﬁtr%? r%ﬁ‘%\)ﬁ;oe\%vg ©
2005/111342B-RCF/GB200B002014 sulphur.

190

11 Ligquid formulation trial: Mikal® (fosetyl-al 50%,
12 folpet 25%), manufactured by Bayer CropScience,

13 distributed in Greece by Rayer Hellas B5SA.

i4d The comparator products were applied as follows:

15 Oné'application before bud-break at a dosage of

18 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: Rordeaux mix (2 g/L) and

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

24 Ligquid formulation trial: Mikal (3.2 g/L) was
25 appliad on 28 June 2004.

26

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

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

31 considered to provide effective protection against

32 downy mildew.



82 1 Results 2 YGP-GET powder formulation (spray dried) 3 The
conventional treatment of Bordeaux mixture 4 provided good protection
against downy mildew. Mild 5 symptoms of downy mildew g%

W g)[ Lol 6 vines. The 0.5 g/L terpene product concent}rézla\{"(ﬁ:cf)ir%8 [ %@{ﬁgn
not provide protection, and the 2 g/L terpene product 8 concentration
Providggsggllg élightly better 9 protection than the control. Note: the
disease 10 pressure at this site was very low because of the 11 recent
PesticiePr&ahaavier! £ oimelfekanersBraduitEiRfh dissolving the

14 powder formulationas it wasyepefine Jesultingdn 45 fisparsion in the
air. This may have adversely 16 affected the efficacy of the product. 17

48 YGRREETRGUIBTEFMBRHERAY Wh& P adii s udat Biduteor 4 jr-2
the terpengt R Preducipravidet exseliest prajesiarvagdainst thwnyo2irol
mildew on exposed canopy. No protection was provided_22 by the.l g/L..
Bosag&&&fious %9%?)?0%5%%@%&%) 53 Mitdew Vv%\ére%%%%?\%! ﬁ\bﬁibeg e
tontrohblockr &4i 2% Tivedigeid fermulation Was easy/fo isranthairea et

g'easaé‘&ﬁggﬂ%x%@i?&%%m@gé% Y midewcan.cause

evastating losses for 30 grape-growers because of its effects on crop
Sield PrahachneruaisR MESaGeMmeRPof thdWsaséRscysei=as%on
1prevention-hecarise; opee £stablishegs theery low because of the

1i recent pesticide treatment.

12

13 Difficulties were encountered in dissolving the

14 powder formulation as it was very fine, resulting in
15 dispersion in the airxr. This may have adversely

16 affected the efficacy of the product.

17

18 YGP-GET liguid formulation

15 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 ligquid 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 vield
31 and wine quality. Management of the disease focuses

32 on prevention because, once established, the



WO 2005/113128 PCT/GB2005/002011 83 1 infection can quickly
spread. At the site sprayed 2 with the powder formulation, YGP-GET did

‘hot exhibit 3 efficacy at the lower dosage (0.5 g/L), and the, HoShéron
WB/@W&?I@@S effective than the conventional 5 treatment. At t is/%%ite,‘the '

recent pesticide 6 applications resultedg'g low disease pressure, which 7
may have limited the ap

ent eff the t e
oo AL bR TEd T hacadre b bltd Reaye

sage 9 of less than 2 g/L of the

terpene prodict wasi@gindteruatet a2 KEETEETe Shfayetwiiihe: t
Jiquid fe%?%"%@éﬂ?f” S _@%&%e'%%@fo@&gee@f expesgd cANORY Vashe dose

provided

y the higher dose level of 4 g/L. Excessive 15 vegetative

Yrowtle &t Tnig Sitewesulted i RioFEL6 e e réatm&BFTHE bUtéT,
youngerbranehes 17xcorapakedswith thepdderegremth ire el ininde canopy.

18 Complete foliar coverage_by the.terpene product is 1 a
@reatn%ﬁ’??%ﬁ@F%ﬁ’&énﬁ&gPi}sﬁeéﬂma?gd %laﬁeaansgpg r%g%%@% e

roximately 30%

ncreagewves the 12 mvokiine heedfpecemiertibhat systenfic Heatmerpene

€

WO%@each%gOOﬁoC@g&g@qe ysing.the Jerpene 23reatment. 34s25¢

onclu5|o‘F’|lé_’:mZQ(§l

oliar application of YGP-GET liquid formulation was 27

Bighly effettivs atleantrallitigldowny-hideRr BER 28R ICeNTratiBh of 4 g/L.
1ghe Io%cgg%ggeggtions of 29 0.5 g/L powder and 1 g/L liquid were not

effective. 30

11
12
i3
14
15
16
17
18
1o
20
2%
22
23
24
z5
26
27
28
29
30
31

1

At the site sprayed with the liguid formulation,
excellent protection of expcsed cancpy was provided
by the higher dose level of 4 g/L. Excessive
vegetative growth at this site resulted in more
effective treabtment of the ocuter, younger branches
comparad with the older growth in the inner canopy.
Complete foliar coverage by the terpene product is
useful, as the treatment ig not systemic. It is
estimated that an approximately 30% increase over the
volume used for conventiocnal systemic treatments
would achieve good coverage using the terpene

treatment.

Conclusions:

Foliar application of YGP-GET liquid formulation was
highly effective at controlling downy mildew at a
concentration of 4 g/L. The lower concentrations of

0.5 g/L powder and 1 g/L liquid were not affective.



WO 2005/113128 PCT/GB2005/002011 84 1 Example 18 - Field trials of
Encapsulated Terpene 2 Composition on Powdery Mildew 3 4 Powdery

W@Qd(%\/’\ﬁg{ gJrapes is caused by .the fungus 5 aninula ngca{,grr/@%qﬂﬁg/blm%
reductions’in vine 6 growth, fruit quality and winter hardiness of vines. 7

in wine grapes, an infection level of onlﬁ% of 8 berries can affect wine

quality, The disease is 0, characterised by spal il gras Paehss:of

133 CHH SN He the 12 berries, which may
plit. In contrast to downy 13 mildew, which requires warm wet conditions,
powdery 14 mildew can be a problem jn drier growing seasons, as 15 it

favouRoiTel BidRowith FUFTEMR it ramySRS WAt conditioHs.
Prevepiative measuesye, 1 trecannendeddonmanragenentdfgowdery

mildew, with_ 18 early applications of fungicides followed by repeat. .
CppICHTOHE Bt Ao T RAIE ™50 I T SO Ao o Vi
investigaterihe efficacyof 22 appficativmof evgGREEREBMpPbshn for
fhe 23 prevention.of pawdery qidewdngrapes. 24:% Fhies.adacent

locks? 8ach Covering a, were 26 identified on site 18 in the
Kir-Yiarm vaesend=eh DY B3y 2004 reShthBaRFAEEI0tks WS
1 gprayed 28 with-the. Y GRrGER liquidSormulsienat a dase of 2@ 2imifl on

and one was left untreated. The remaining 30 block was sprayed with
1¢onvetiShaltFesitient DF 3T BYERSI (Q%%%/E)‘i%l:é\e%?o%cé/‘ﬁf and Ve

1Punchperries, which may gplit. In contrast to downy

13 mildew, which reguires warm wet conditicns, 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
i9 applications at appropriate intexrvals.

20

21 This study aimed to investigate the efficacy of

22 application of the YGP-GET compogition for the

23 prevention of powdery mildew in grapes.

24

25 Three adjacent blocke, each covering (.1 ha, were

26 identified on site 18 in the Kir-Yianni vinevard. On
27 19 July 2004, one of the three blocks was sprayed

28 with the YGP-GET liquid formulation at a doge of

29 2 ml/L and one was left untreated. The remaining

30 block wag spraved with the conventional treatment of
31 Equegion (2.5 g/L), Alliete (0.9 g/L) and Punch

32 (0.075 mL/L} (see Fig.22). The vines in each block



32 (0.075 mL/L) (see Fig.22). The vines in each block WO 2005/113128
PCT/G&2005/002011 85 1 were monitored for signs of powdery mildew
over the 2 following week. 3 4 Three further adjacent blocksc Eféﬁgt}osm 2011
Wc%%@ﬁﬁ&&i ha, 5 were identified on site 20 in the Kir-Yianni 6 vineyard.
On 20 July 2004, one of the three block§57 was sprayed with the
YGP-GET liquid formulation at a, 8 dose_of 2 mL/L aqn%ahgetwo (Terga'rglrég
blockSefe I Grfrdattd (sBEENG. 22) ANE\Thes T each block 1
yvere mobiterechtprysigns of powdery mildew over the 11 following week.
2 13 At both sites, the blocks had previously been treated 14 with
ultiple products, including a prior application 15 of terpene product. 16
47 All Trpeaeiredthente disreeippliedeieerate 1 200V 8 1THafo L ha-

ensure,complele Goverage 19 24 thedollewingegrewtn-siages of the
grapes were 21 recorded 22 - bud break, 26 March 2004 23 - blo%r%%kls

Gune 200822 YeraiSBn28 Aliykikt 2004 288 Phe StTuy-2pHifedt
t00k plase Rrer¥eraisam 27 284 hes2004grawing sedsomwbstion at a

exceptionally late and 29 w t throughout. Disease pressur
Bowny 28 mitded Wa¥ %xﬁrela%s(;gﬁ Righ. botrytis Tevels v(\?/oeereé%j I et

9 untreated (see Fig. 22). The vines in each block

10 were monitored for signs of powdery mildew over the
11 following week.

12

13 At both sites, the blocks had previously been treated
14 with multiple products, including a prior application
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.

27

28 The 2004 growing season was exceptionally late and

29 was wet throughout. Diseage pressure from downy

30 mildew was extremely high, botrytis levels were

31 elevated, and powdery mildew pressure was moderate.

32



31 elevated, and powdery mildew pressure was moderate. 32 WO
2005/113128 PCT/GB2005/002011 86 1 Details of Comparator Products
2 No comparator product was used at site 20. The 3 comparator
WP LR tsed at site 18 is detailed 4 below. 5 6 Punch(r)P(ﬂygﬁ?g?é{mon
40%), DuPont. 7 On 19 July 2004, Punc&was applied at a dose of 0.075
8 ml/L as a preventative treatment for powdery mildew 9 according to the
}nanufgsﬁﬁgpﬁ ir2tr CHBRE* 25 °F 1 DA 5FAdditional Products 12 No
additional prodicts werepisedhatsites20 1Feel 53 additienaPprodticts used
t site 18 are detailed _14 below. 1 uesi t e
S BT T Al (Roeth o s00e) T8 T Ona8 iy
2004, Eguesion (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 adRisital prbtivRislAstégertC 95 cdmventibnal treatments in the
integrated pestr2b,managenentachesyley: 284V inesaveresvdsodly0 . 075
%xamirllneld /flc?r éc,g/maptoms of %owder 29 m@dew

preventative treatmént for powdery mildew
9 according to the manufacturer’s instructions.
10
11 Details of Additliomal Products
12 No additional products were used at site 20. The
13 additional products used at site 18 are detailed
14 below.
15
16 Equesion system {famoxadone 22.5% plus cymoxanil 30%)

17 Alliete (fosetyl-al 80%)
i8
19 On 19 July 2004, Eguesion (2.5 g/L) and Alliete (0.9

20 g/L) were applied as preventative treatments for

zZ1 downy mildew. The dose was determined according to
22 the manufacturer’s instructions.

23

24 The comparator and additionmal products represent

25 conventional treatments in the integrated pest

26 management schedule.

27

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

30

31

32



30 31 32 WO 2005/113128 PCT/GB2005/002011 87 1 Results: 2 site
18 3 Approximately 20% of the peduncles and stems in the 4 control

lock were black, indicating moderate 5 infection from pow ' i
Wbo’t%“fé\‘/emézgonventional treatment block and the terpene-treclr:l(-:l?ré}((/ig%L %%}:‘;}ﬁ%”
all stems and bunches were green, indigating 8 that adequate protection
fad been.prquided. 9 10 Site 20 11 No evidence of powdery mildew
Infection was observed 12 in any of the blocks. 13 14 Additional
dbsenitipasits At the end of the growing season, the blocks at sites 16

18 and,20.gensralheshowed Igss sitess dugte tiseases 141bag the resfeof
the vineyard. 18 19 Powdery mildew infections cause considerable losses

%0 to §iBWerS thiatigh'reltittons fftine'growti Hae 21°4GaRY @nd

winter hareiness:of #ines. fawtharmore 1 @dwinemuality bantbe affected

%

y an infection eel of 23 as litle.as 39 of berdes Managementof f9g .o

Oocuses on prevention because, once established,

ihfectidri cah quickly spesed and2bumisistadyyane apptieation ofifarpenas
produdtyfGP: 24 EE@%&%@@D‘S&“‘%@M PrRyented Revlery mildew 28

infection, and thelevel o
9

10
i1
12
13
14
15
16
17
18
18
20
21
22
23
24
25
28
27
28
29
30
31
32

ontrol exhibited by the

Site 20
No evidence of powdery mildew infection was observed

in any of the blocks.

Additional observations
At the end of the growing season, the blocks at sites
18 and 20 generally showed less stress due to disease

than the rest of the vinevard.

Powdery mildew infections cause considerable losses
to growers through reductions in vine growth, fruit
quality and winter hardiness of vines. Furthermore,
wine quality can be affected by an infection level of
as little as 3% of berries. Management of the
disease focuses on prevention because, once
established, the infection can guickly spread. In
this study, the application of terpene product YGP-
GET at site 18 effectively prevented powdery mildew
infection, and the 1eﬁel of control exhibited by the
terpene product was comparable to that provided by
the conventional treatment. The results from site 20
are inconclusive, however, due to the lack of powdery

mildew infection. Thig lack of infection is likely



29 terpene product was comparable to that provided by 30 the
conventional treatment. The results from site 20 31 are inconclusive,
owever, due to the lack of powdery 32 mildew infection. T@%f@ﬁéﬁ]ﬁ)‘t/ﬂﬁz{nl
W%Fﬁlﬁ%ﬁ"}igg likely WO 2005/113128 PCT/GB2005/002011 881 to be due
to the extensive application of pesticideg g prior to the study, which

resultedjnlaw disease 3;pressiie, A ol e lonerlevel Oisiressaue - ties

disease at sites 18 6 and 20 suggests that the earlier terpene treatment 7
applied®at fHesesifeemayHade Berefdalind gicbntrdl of#iit&efen in
the longteEBu2:10 Conclusions: 11 YGP-GET effectively prevented
powdery mildew 12 infection, with a comparable level of control to that 13
ffrovided by the conventional treatment. 14 15 Example 18 - Further Field
Trials dfiEendapssiatédv26 Tefpehe @ampuosition oiiBewdergMildenet7 18
8 The stydy @'@89&(% ‘dgh%lg‘é’ esfigate.the eificacy, J.af YOE-GRT, for

the treatment of powdery mildew in 20 Grimson Seedless table grapes.

71 22 aoe1isspht oFRRST SighRE ViRBYERM@PPREXNRABEL DIIgH kit

south QfShe.Kin Yianni vineyard)was 24,inagysgeptivleft untreated during

an application of 25 Cisteine on 1 July 2004. The vines in this plot 26

?ubsequently showed severe symptoms of powdery mildew 27 on the
Jeavescateaiuaidgeapes. On 12 July 2004,

11 YGEP-GET effectively prevented powdery mildew

12 infection, with a comparable level of control to that
13 provided by the conventional treatment.

14

15 Example 18 ~ Further Field Trials of Encapsulated

16 Terpene Composition on Powdery Mildew

17 |

18 The study aimed to further investigate the efficacy
18 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 subseguently showed severe symptoms of powdery mildew

27 onn the lesaves, stems and grapes. On 12 July 2004,

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

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

32 of powdery mildew after 24 hours.



28 the untreated plot was sprayed with 3 ml/L liquid 29 YGP-GET
formulation at a rate of 1200 1/ha, and the 30 rest of the vineyard was
d_with the comparator 31 product Rogana. The vineﬁé%%s /
ngs)z;&e%%g or symptoms 32 of powdery mildew after 24 hours. WC%GG5 oozt
2005/113128 PCT/GB2005/002011 89 gd/ines were trained in a high lyre
trellis system. =3 Defails ghGomparaiardarodyct4 Regana (fephueenazol
5%, binocap 16%), manufactured 5 by BASF (BASF Agro Hellas S.A.,
Athens, Greece) 6 On 12 July 2004, Rogana was applied to the Tsigaras
B vineypsd £551% treatraenblor poyrdarysail@aw. The dose 8 was
determined according to the manufacturer's 9 instructions. 10 11 Vines
Trete IS AL ST B ot of PRRRERy o o S o0
Result® S5E3aiferé ByRrptamootiedwdernsmildewAvemsievidenepriel 16 to
plication-of YGRGE], Only 24.hauts Alter X ¢Pad 7 GELAPRICAIOR, o
the white bloom of}t]he powdery 18 mildew turned black, indicating
ffectivel@stifangar -2 9%adhiviy -RShe e ANES Bffetlidely halfByacose
20 thistime a furher dreatments were applied. ¥&R:22kLGEEshgwed
comparable efficacy to the conventional 22 treatment. 23 24 Discussion:
35 In thig SHHF wrPEStablished powdery mildew 26 infection was treated
1quickly and effectively using

il Vines were visually examined for symptomg of powdery
12 mildew.

13

14 Results

15 Severe symptoms of powdery mildew were evident prior

18 to application of YGP-GET. Only 24 hours after YGP-
17 GET application, the white bloom of the powdery

ig mildew turned black, indicating effective antifungal
15 activity. As the digease was effectively halted at
20 this time, no further freatments were applied. YGP-
21 GET showed comparable efficacy to the conventional
22 Lreatment.

23

24 Discussion:

25 In this study, an established powdery mildew

26 infection was treated gquickly and effectively using
27 YEP-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 afficacy to the conventional treatment.

31



27 YGP-GET. Only 24 hours after application, the 28 previously severe
powdery mildew infection was halted 29 by application of the terpene
r t,.with 30 comparable efficacy to the conventional trea:tfn 3
W&/%%géb'éﬁml% PCT/GB2005/002011 90 1 The preliminary é%%““”% hzom
obtained from this study suggest 2 thatg¢GP-GET may be efficacious in
treating,3.establisfad, Lﬁga&é'ﬁgcﬁg@%ﬁ%ﬁd@%ﬁo ShoWing. thy suggest

preventativé ability. 5 6 Example 19 - Further Field trials of Encapsulated
7 TerpEheCEMpoSTBNEY Pofdeky Mife\?BS 9 Badkpélidddnd

Rationalg-1@1n dhe gurrenblial s thedsss oh¥ GhGRlwasod 1iavestigaiad
as part of a Tasmanian vineyard's 12 (Frogmore Creek Vineyard,
AathaRa§FaGRyPE B %éstﬁox 187, Richmond TAS 7025, Australia)
experimental 14 programme to control powdery mildew using organic 15

rodurﬁs i

eff|ca 7O

grapevines (Chardonnay varlety) were 21 elther treated with the terpene

product YGP-GET or 22 left untreated (control) on 7 February 2005.

AlthouGA<55%Eeppre &R RAEARAGIS organic treatments, the pre- 24 trial
weverltmftrmvdﬁrym&hriewmat alevel 25 consideredrinaggeptable
l&ommercrallg/ and 26 egurvglec% i% the 6 active-treatment P&ots and 6

investiga e agmarnian viney
1z (Frogmore Creek Vinevard, Hathaway Trading Pty Litd,
13 Box 187, Richmond TAS 7025, Australia) experimental
14 programme to control powdery mildew using organic
15 products. The aim of this study was to invesitigate
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 thie trial grapevines (Chardonnay variety) were
21 elther 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 cvommercially and was
26 equivalent in the 6 active-treatment plots and 6
27 control plote. The crcop stage was approximately E-L
28 33-34 (pre-veralson).
29

30 YEP-CGET {4 mi/L) (liguid formulation) was sprayed
31 onto 6 Chardommay plots, which had been freated

32 previously with milk. Six Chardonnay plots served as



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 preré%Jél 2(\}/{\]@5902911
Wr%ifﬁ?%&sgﬁardonnay plots served as WO 2005/113128 )
PCT/GB2005/002011 91 1 untreated cg trols, but they had been treated
2 previously with oil/whey. The number of vines per 3 plot was typically 7.
%4 5 DEHiIESGr e c%?ﬁlﬁgﬁ Sn (;}f) the %E&:ely(?@'? Ebé% “in ch ?ﬁ%%c%’otocol
are giverein dable 20718 Table2@y Fotimlatiorbef Batthvdses iper
resent Stud . rial ynix Weight in Ibs % by Weight details
Geraniol 3 3ny§§9 6%3?/ 3‘%%2%?61.76 3.44 Thymol 323.52 6.88 Yeast
$articles 722.13 15.35 Xanthan 3.17 0.07 Polysorbate 3.17 0.07 Water
$166.62.64:3% TRTALATA3:89400:00, 1r11ddeysavarity oh pewdery

mildew was assessed_3 days 12 before terpene treatment and again 3
Blays post e, fif8adh BRR, 26 gtape Buhches were 14 selected

at random (10 bunches per panel side), and 15 disease severity was
g Stlm%%%fg tE'S Qerﬁ%@%@fa%rfgn of Batch Used in Present Study
S

13

Raw yaterxal mlx‘ Weight in lbs % by Welght
details
Geraniol 323.52 £.88
Fugenol 161.76 3.44
Thymol 323.52 - £.88
Yeast particles 722.13 15.35
Xanthan 3,17 0.07
Polygorbate 3.17 0.07
Water 3166.62 £7.32
TOTAL 4703.89 10G6.00
10
11 The geverity 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
i5 dicease 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 spraved the entire trial area with



16 of the bunches covered with active mildew colonies. 17 No further
assessment was possible because the grower 18 subsequently sprayed
the enftire trial area with WO 2005/113128 PCT/GBZOOS/OO?Q,}/JG 0;/002011
WQU%B%Sulrlglnzg a vegetable oil-based spraying adjuvant 2 (Synertrol Horti
Qil). 3 4 Number/area of plants to be treated 5 Test product: YGP-GET (4
mLL) 19 besapplieddo 6 9 Ghardonnaysplots.(tatal of approximately.dn .
vines), 7 which had been treated previously with milk. 8 9 Control: No
#eatméRYWas Eppliedas®-Chatdonnay 10 plots (total of approximately 42
¥ines) to be used as 11 controls, but they had been treated previously
with 12 oil/whey. 13 14 Cultivation methods 15 Vitis vinifera
(QCham%‘ﬁﬁ%?ﬂﬁ'i’é%ﬁn‘ﬁo?%%E?ﬁ6t\9eﬁ’|%alq‘:§1€oa0{fep°§sitioning with arched
sanes.T&£ & Cultivetionrrrmgemednt 19 Spacing: Ristamoe icf@.5on 6
etween rows and 1.2 20 between vines (withi Wwith, 3 ines
Eer 21 85%?3%3\/\/%%?&%3&? év%%s r%jc%/rtrr}il?cg3 sguth%é%\g%gvc%n(;é%@ey?'
density24 dhepdinbgead tatastddwas Lees iy charictiis& the 25
pre-trial canopy density of the Chardonnay vines 26 (Table 21).
Measurements were taken on 13 January 27 2005 by selecting

fepres&faive seciBns BPHE@TE ARG RR A Ethe“Chardonay Pibtihat

revioyslpts (total of approximately 42 vines) to be used as
11 controls, but they had been treated previously with
12 0il/whey.

13

14 Cultivation methods

15 Vitis vinifera (Chardonnay) vines in Block BZ;

16 vertical shoot positioning with arched canes.

17

i8 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-guadrat 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 Chardonneay 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



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
Wtreatment i.e. a total of 60 32 measurements for the sulph%r-gf%%g?%%ggg‘} )
‘ s’Tor

C

2005/113128 PCT/GB2005/002011 93 1 measuremen

the untreated control plots). In 2 additio
S

ight 3 sh
i R P

on3

ardonnay

(peralon were e

vines

rior

o)

g,Bthe length and number of nodes
easy eg:. 4

% 3 )P're-ItH'al

g%;ol' %zg%%ayer Interior

Interioafiari Meantsisodtstroatmemd(%) mipabep feavedasiusers nuRiberh ©

iengthsﬁ&d\é)s(‘ygiyé’@)

Sulphur5 2.0 2

40 2

piiam) padesugaigd 12 1.5 22 26 21 110
104 Optimum 20- <_1.0-1.5 <10% <40% NA NA

%alues 40% 7 8 NA, not applicable. 9 10 General condition 11 Previous

treatment of these plots wit

he
PowdetF it in co ﬁ%&ﬁgﬁé(fo

erimental 12 ma;:eriacljsf[s;%
rol.

“EY e untreate

con

pressed
Flowsver ey
tevel ofpawglery 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

ﬁmﬁgaﬂasappmgpsnﬁesgbmﬁy§r Interior|Interior| Mean |Mean shoot
treatment | (%) numbexr ilecaves clusters| number length

(LLN) (%) (%) of (cm)
ncdes

Untreated | 12 1.5 22 26 21 110
Sulphur 5 2.0 27 40 21 104
Optimam 20- | <1.0~1.5 <1.0% <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-

i6 treated plots.

17

18 Application method, dose and regimen

18 VEP-QGET 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 vehicle.

22 The spray was propelled with a pump pressure of 1500-




20 2005 with a hand gun connected to a hose reel and 21 pump mounted
on the flat tray of a utility vehicle. 22 The spray was propelled with a
ump pressure of 1500 WO 2005/113128 PCT/GB2005/002 9 L%n
“%6%5’%&5’@00-230 psi), delivering approximately 63 2 mL/g%Jg%%%zf& hg2ott
standard spray volume for 3 conventionaj freatments (approximately 900

lyha) wag, ¢ ysed. b, §;The seyenty of powdaty mildew eslimated as the,

area 7 (%) of the grape bunches covered with active mildew 8 colonies,
Was asBesSRFRIIP0 bikehed derertiet &PY fanFSHWthii¥ach plot (10
bunchesperanelside): K Dirgase sevalithwasa3s8Sed®N4ha) was
February 2Q05, 11 3 days before application of the YGP-GET treatment,

and‘é%%% on 10 February 2005, 3 days after terpene 13 application.
¥ 15 Data were transformed using arcsin transformation to 16 obtain

ean arations, 17 18 Results 19 Prior to treatment, t ean severit

o powis PR of D antdy SaS b e e e b a3 PEL S Yea
B treated) with téfre e (o4 W)y arasesing iy &6 g¥atv2 21in 45é B ritdol dew

pots (23.3%nTable 2} SHalistical 123 apalysisbased onAUCshreg at
transformation of these data 24 found that there was no significant

differenc@iAos H5ERE RYERNPHOrd IR dOHBRPERMMEDF Bl Fide) .
hree dayseafter treataientyhewevas dbe secani8 severtuatpowdersy,

i 0 _ -
ﬂlldewyvadsagfé' gggrtgeaégfigaEtTion of the YGP-GET treatment,

12 and again on 10 February 2005, 3 davs after terpene
13 application.
14
15 Data were transformed uging arcsin transformation to
16 obtain mean separations.
17
i8 Results
19 Prior to Lreatment, the mean severity of powdeéery
20 mildew on Chardonnay grape bunches in the & plots to

21 be treated with terpene (20.4%) was similar to that

22 in the & contrel plots {23.2%; Table 22). Statistical
- 23 analysis based on arcsin transformation of these data

24 found that there was no significant difference in

28 diseagse severity before treatment (Table 23).

26

27 Three dayes after treatment, however, the mean

28 severity of powdery mildew was 23.8% con 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



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 ha&?c%&“%”%ﬁzon
WRABE6EA13128 PCT/GB2005/002011 95 1 area covered Wit active
mildew colonies (p = 0.058; 2 Table 23), 3 4 Table 22. Mean severity of
owdery mildew (%) on 5 Chardonnay bunghes before a er_trea 1t
B GYEP-CE TR et MG Lo e Sophed ox T on £ Fobian 15
Feb Febk20052005 2005 YGP-GET 20.4 23.8 None 23.237.8 78
2l able 23. Statistical separation of treatments 9 following arcsin
transformation of data Treatment applied Mean severity (SEM) on 7 Feb
2005 @Qr¥1kek 200800 19:keb 2005-¥ GR-GIREP.2063624(41) on

0.03857) (0,04303) None 0.2401 0.3954 (0.08534) (0.07852) 1=0,36t =
D72 GHERFG R BE6"R5% B%fo%%sa”r‘gv PEHE S

F5ided one-aided test test:
gntreateck>ifference treated not

Treatment Mean severity
applied on 7 On 4 ¥eb On 10 Feb
Feb 2005 2005 2005
YGE-GET 20.4 23.8
None 23.2 37.8
"
8 Pable 23. Statistical separation of treatments
9 following arcsin transformation of data
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 0.3554
(0.08534) (0.07852)
t = 0.36 t=1.72
af = 10 df = 10
p = 0.726 p = 0.058
Two-sided One-sided test:
test: untreated >
difference treated
not
significant
10

1L



significant 10 11 WO 2005/113128 PCT/GB2005/002011 96 1
Discussion: 2 Infection of grapevines with powdery mildew can cause 3
considerable losses to growers through detrimental 4 effec j
W8r%%?ﬁ1§%%? hardiness, as well as on 5 the quality of the fruﬁc%wvi\}&séé%on
organically 6 managed vineyards, growggs are searching for 7 alternatives
lto tre%imsenltl%g%g as elemental sulphur. 8 9 This study investigated the
efficaCy oFencapsuIated 10 terpene formulations (4 mL/L) as a liquid
Formulktibac t1dn cohtrolimpepdwdenwille Wi EFaT JaRICFNe A AR
Jasmania. Aystralia. while otherexperimental 18 fsaimeats badheem

used as little as 3 weeks before 14 terpene application, the level of

Howder| Hden I i cPRES R ROnREred e5hmaRidif . 162 o

sinacceptablg.afinreg days-aftertreatmenidflinhehamonnay:vihes With

YGP-GET, the_severity of 18 powderé/ mildew on trgg\%l(/ahd %rarfgs was

Qignifi@GARF 39 1888 VAT tHat Sh Ontreated controls. thé 20 severity

of infegliarimantreatedtcornitrels werseaed u2h dating tha S dgyjs Beldai -
re- and post-treatment 22 assessments, it remained steady in treated

vines. 23 Therefore, YGP-GET appeared to have slowed the rate 24 o
fliseasBiheressecon GFAIRE blEBkeS It h REFERSY eStalffRARRTOIGTES

1 8f sporulating, powdery, mildewn 26 hetere treatment. Rresumablyneoleny on
expansion was 27 inhibited, although,gﬁséting‘ colonies continged.to 28

Lporulate 6°80me tetrde PGPE Tond:

Wodd: an _organlic vineyard
sséssment

12 in Tasmania, Australia. While other experimental

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

ig powdery mildew on treated grapes was significantly
19 less then 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 satablished colonies of sporulating powdery mildew
26 before treatmenﬁ. Presumably, colony expansion was
27 inhibited, although existing colonies continued to
28 gporulate to some degree. More long-term assessment
29 of efficacy was not possible because the grower

30 subsequently sprayved the entire trial area with

31 sulphur.

32



29 of efficacy was not possible because the grower 30 subsequently
sprayed the entire trial area with 31 sulphur. 32 WO 2005/1131.28
PCT/GB2005/002011 97 1 These encouraging results demg
ngﬁg%%}%] % YGP-GET in controlling powdery mildew in g%élel?/%ﬁe%}@f%m
Example 20 - Field Trials of Encapsulat%d, Terpene 5 Composition on
Botrytis. JBaluly, buneh fot.ol grapesds aised Ly BAULAIS, 8 4RRIE3. o
a common fungus that can calise serious 9 10Sses in fruit yleléa. Berries
are th&BredBillinant cosite of infeclin sty UghtHewW iSeasErémPise,EL
affect blossom and leaves. Initially, infected 12 berries appear soft and
\évatery, and may become, 13 covered with fungal growth ,!P conditions
fhlg calik ] ‘- :' ."- ;" =3 :_- o.' - ";l':‘ s e ) T-".c" "
and dropmBekylis favopiis Bostgpaditions 16 with poor air circulation,
nd split or damaged 17 berries are particularly susceptible to the spread
f 18 infection. Management strategies for botrytis 19 include promotion
af goodairwitcitation @reverttiart 20-ebwoundingzarckdpplicaiohzoft is
fungicides at.21 anpropyiate imes during the quowing, seasqn., 22,23 The
aim of this study was to investigate the efficacy 24 of YGP-GET in the
featmeRESESotiisikfectionlifl 95 grifes 176 ZrehéemmagefeBgiant

1hotrytis n-thefir-yigzapivinayargh though the disease can also

11 affect blossom and leaveg. Initially, infected

12 berries appear soft and watery, and may become

i3 covered wirh grey fungal growth in conditions of high
14 humidity and moisture. Over time, infected berries
15 shrivel and drop. RBotrytis favours bhumid conditions
16 with 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 YEP-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 assoclated re-entry time
31 restrictions would prevent the planned harvest. Two

32 adjacent 0.1 ha plots were therefore identified on



28 in mid October 2004 (3 weeks after an application of 29 Teldor(r)
could not be treated with conventional 30 agrochemicals because the
' re-entry time 31 restrictions would prevent the plappedosmozo11
W gﬁ\ggﬁgi%vo 32 adjacent 0.1 ha plots were therefore identiftlféﬂd on WO
2005/113128 PCT/GB2005/002011 98djgsite 7 of the vineyard, and, on
p2 OcIofel 20k ofiee 2.010636 P ot Be'es Witk donb o YGF- Gk

iquid 3 formulation and the other was left untreated (see 4 Fig. 23). The

Zrop vis HaRRSIEY-S tRy¥asteF TRRE ShE B drifBh/&f infettéd betrie 19

was determined form 6.8achmplet (heteentage weight ehiatakyietd).(Bee
Uninfected berries from both the treated and 8 unt(?ag;%lois were tg%
tnixed’in $he fermentaitsn 6 PEhR'ED 1A7ERE 7Hhd ba8H Treatedvith
multipkeprositictepriand 26 the Hpptiedtibeof thesterpené dormulatied b
3 still shqwed botrytis infection, 14 15 Vine re.giyen asiggle
épplicgt?g%o?%orﬁllg%ﬁe ?%%ﬁg%%ﬁgrr%ﬁ&%%at g %ate o% 1200
1/ha. TR irEThe$6lloveinyigrawiy etadestdf thegrapes wrstea@2d recorded:
20 - byg, break, 26 Mageh; 204 21 n bloomxLdung 3004 22 rvertisencé
August 2004 23 - harvest, 15 October 2004 24 25 The study applications
fook ple@@k3 days before 26 harvest.

10

11 Site 7 had been treated with multiple products prioxr
12 to the application of the terpene formulation but

i3 etilil showed botrytis infectiom.

14

15 Vines were given a single application of 4 ml/L YGP-

16 GET licuid formulation at a rate of 1200 1l/ha.
17

18 mhe following growth stages of the grapes were
i9 recorded:
20 - bud break, 26 March 2004
21 - bloom, 1 June 2004
22 - veralson, 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



27 28 The 2004 growing season was exceptionally late and 29 was wet
throughout. Disease pressure from downy 30 mildew was extremely high,
owdery mildew pressure 31 was moderate and botrytis Ieyglﬁ(%%g- 002011
WO \10 2008/113128 PCT/GB2005/002011 99 1 WM CLT Wil
applied at this time to assess its 2 pote@tbal efficacy against a botrytis
infectign th could not otherwise have been treated hecause,of 4
ipestic?d%gtir%%gregﬁlsct%%g%r%%tg arvest. 61\1%%u%a?qssgssment.of the site
Prior toterpenka? peddlictapplisatdm ey dal&w evident elstinstitierg that

infection, After harvest,4he hetrigs werg displayed 2 anseanvey o belt
and infected berries were manually 10 separated from uninfected berries

brior teefidifiAgE 181 M5 BrSTGTOR P RTeRiet BerrRstiaY Ciiculated as

42 a percentage of the total yield (by weight) for each 13 plot. 14 15

Results 16 Visual gssessmgnt %f LEe site, %gor tg.l\é(;PEgEJ %751 glication

?eveal%%%&er?ﬁgebgfgﬁ&ﬁﬁs iAtection. 58 olr%wmtj harvest (8 ays after

Y GP-GEFappticatipn), c2$ tve preportidps ofirfdetedeharfiebataretiazno
gnd 2332040 the tregiadandpieated pigts.Jespeciveli 2l dlep1ayea
ested areas were not sufficient to assess 22 statistical significance;
however, YGPoGEY aEabfeft 23%Idadr ittt by rasdisn e L1y

1 fiseasg 24,25 &ermentation wasiiaffested by the mixing0f2@ishing .

uninfected berries from the untreated agd terpene-
1L The proportion of infected berries was calculated as

12 a percentage of the total vield (by weight) for each
13 plot.

14

15 Results &

16 Visual assessment of the site pricr to YGP-GET

17 application revealed evidence of botrytis infection.
18 Following harvest (3 days after YGP-GET application),
19 the proportionsg of infected berries weﬁe 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 vield and quality to occur. The



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 WO 200 % ;&%ﬁ
WO REBY385/002011 100 1 development of a treatment th% %ou %56/30{)2011

used until 2 harvest, or that could be ¢ i@ued closer to harvest 3 than

he existing.products, cauld result.in 4 significant im revem %gl crap: 4
§7ield a vv%’llr?%p e&u%l%% aano]: \?v%%i—'&nggs%f %%%%id%?a e benefit to 6 -
groweisaiv dsis study, thedtniert Withoth ectergemal sip iR ey GP-GETVest

yisibly sjowed progression of an g.established hetrytis-infection only 3

days prior to 9 harvest, resulting in a lower proportion of infected 10
BerriessiboRé e ffete-HERIEY BRERTE iiHe PP uilrBatb Ppfdtwine
Eurthegmgrne, wespitedhadiseiob¥Ghr l-aETdelesle Nasvestitc to
fermentation was unaffected ks)%/ 13 the comq__inati%n of tr. %%j?agdr ene
AntreafEP YRS, 12715 THede Te&ints ShigHestthat @éé is &P
gfficaciansdnct6 veducng thédiipaet of estadlishedrbetrytien 7afifections
nd can he used.near St wi .8 delri | effect o
gu bseq%sg n%yfgﬁr%gr%t%t%%g%\%é \é{x}gﬁ%g&g 1H- EEF%E ua%oﬁgo}?ngipggp%ﬁlattgd
Perperfezforsrl e Trddthnsht ot etaiiepedERAY Miffew? ntrected

1gHbsequent evaluationof grapsaualite23 24 Aotrisd of XGP-GETias
carried out on 25/08/04 25 a%plying the composition at a rﬁlte of 100(% 9.
t te the GP-

1&er25@ntr@ated plot. urthermore, despl use o

12 GET close to harvest, fermentation was unaffected by
13 the combination of treated and untreated grapes.

14

i5 These results suggest that YGP-GET is efficaciocus in
16 reducing the impact of established botrytis

17 infections and can be used near to harvest without
18 detrimental effects on subseguent fermentation.

19 |

20 Example 21 - BEvaluation of Encapsulated Terpenes for
21 the Treatment of established Dbowny Mildew and

22 subsequent evaluation of grape guality

23

24 A trial of YGEP-GET wag carried out on 25/08/04

25 applying the composition at a rate of 1000 g per 250

26 liters.

27

28 A vinevard 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 yvellow spot on top of the leaf and the fuzzy



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
sl\(}s)ra ..ed-3 Any remaining leaves were 31 infected with spotsP%fT 2O ot
Wiifd&W K48videnced by 32 the yellow spot on top of the lea and e
fuzzy WO 2005/1131.28 PCT/GBZOOS/%%OM 101 1 growth on the leaf
aottom; the céassical indi%ati%n 2 of Dow mildew. Ma}:r%}/lofith .Igg%%% O
ere afnast e%lf‘lre%}?/e oW indica |<r)|g’su Sfantial ifection. 4 This Tear
bss and thminfectitiilidegenerdbdglays Slike heatueyy oEthe grapestand
' many.casesithe s granes BRUGLILI Onenac winerms kinguipesgs. 7

Observation of totally unripened (i.e. hard dark 9 green berries - 1 cm
diamefBr-bndisre] il eRapaNd 0-BendRELEEcssiontalySiftREdmeslays
indicated dhaithe- 1d.viges wete dikely-nfested befargeraisons apde12
likely at bloom or before. Ng early copper (Bordeaux 13 or basic Copper

Sulfate aPBRcatitsiv fids bithusedt4 This Vine§ardwas MEXRyTiécted

m the previous 15 harvest to the point that no crop was produced from
6 the Cabernet Sauvignpn. Leaf loss las r 100%_17 despife 3.,
éotass(lgfjbrﬁﬁzrca;tr Srnlateotér)ea rﬁgﬁf{?yan ulg ga%g\ffn%at to %)h?a'ct kill the =
Bownydvidgaw, Heliowed by 19 Stibodimapsiraatiéifor Ryer tefm shape)
19ystemic, 20, protection, 24, 2219n 1.9/G9(Q4 the, grapssdieateddn thigdriahe
were 23 picked and crushed and the following observations 24 were
%%ade(ﬁ%ﬂﬁ§nuﬁﬁ¥?amé¥§ﬁ?y infected ~ before veraison, and

12 likely at bloom or before. No early copper (Bordeaux
i3 or basic Copper sulfate) application has been used.
14 This vinevard was heavily infected in the previous
15 harvest to the point that no crop was produced from
16 the Cabernet Sauvignon. Leaf 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 gystemic
20 protaection.
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 ¢.85 0.7-0.75
Brix 17.4 18.7 20-22

27



25 26 Table 24 Control Treated Desirable pH 3.28 3.30 3.3-3.5 TA 0.92
0.850.7-0.75 Brix 17.4 18.7 20-22 27 WO 2005/113128
WE’)C%(‘)I’%C}I?%QQS/OOZM; 102 1 These results indicate thg gra?@%ﬁﬁ?ﬂe)ﬁ?ﬁ}zon
feited ¥ ines are riper than those of the untreated vines. 3 observation
of the grapes themselves indicated that 4,the untreated grapes were, on
average, lighter in 3 color, some with a transparent pipkish/purple/green. . o
5 tint,g'rﬁ'dﬁf ative %?Léigﬁes]]ﬂlégtl p():e"ilstteve}é?'yl]rlléeonc:;I a/%%eregrsbme 'fre%teg _ N
prapesnivese darkepurpleson Sreveradeand ofacies typital of ifly orines.
pearly . & Upened gianes 10, Lastipg ofdaese grapssyexealed thec
reated grapes 12 to have a fuller fruitier taste typical of ripe 13 Cabernet,
Sauvigheon, WAERR SR UFHERRR gFEPEs diF LATBHIRIR the- Gty -~
taste. The yntreatsdoranes 15 hada.gieer-anple saur sigindicating een
probable a 16 high _malic,/tartaricgatio unsuitable for OOda]éZ: Wi%em%kiggh
§8 19 Fhide grapes-iake BrushBl ardr d&SEmmettin_ 2B%reparation for
producing assine frors these grages tor@iledemoastateldnediffersneksin on
ese grapes and to. 22 demonstrate the suitability,of the treated grapes, 1
g(;r 23%\‘/?%5%1%%naggdrh%pg%%'gr%%v}vgejf%vas concerneaI that this 2459 Y
freatmenpwoeldl affestahe flavor of the wine,

10

11 Tasting of these grapes revealed the treated grapes
12 to have & fuller fruitier taste typical of ripe

13 Cabernet Sauvignon, whereas the untreated grapes did
14 not have the full fruity taste. The untreated grapes
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 degtemmed in
20 preparation for producing a wine from these grapes to
21 demonstrate the difference in these grapes and Lo
22 demonstrate the suitability of the treated grapes fox
23 winemaking. The grape grower was concerned that this
24 treatment would affect the flaver 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 _

29 The difference in the treated and untreated grapes is
30 further Gemonstrated in the color of the must. The
31 juice of the untreated grapes was light

32 greenish/uncclored (somewhat like a white wine must)



25 although at my suggestion he tasted treated grapes 26 the day after
application of YGP-GET and found no 27 lingering taste or aroma. 28 29

g

%@gfﬁ% 2%u:e in the treated and untreated grapes is 30 fuﬁ%ﬁme /002011
emonstra

ed in the color of the must. The 31 juice of the untreate

grapes was light 32 greenish/uncoloredl mewhat like a white wine must)
WO 20 5/113:SL2§h P@CT/L%%Z_(%%/OO 11,103 1e\gh%reasetgew gsgrom the

Jtreateéﬂi ?585‘5 was a3 plnklsﬁ%%lor ?pi%ratf%]p rpe

kY .
aaE}:érnet auvignon 3

Yrapepimiisthatelyl afterconushing. AL THése résuNelindicaf@ st WOP-GET
s effics%%&:@sim pJate: summer.vineyard,tiegtment by killing and 6
grepos i ! CLek

stopping

wny Mildew re-infection, in at least the 7 short term. 8 9

£urtheFresearchshio-thelBRgTBAf dtficdey GrneET oG pIGETARI ous 1n
sontrofling.dewmnaldeve wasdi betisefertd byt theresuls presented

show that YGP-GET is a 12@ eful treatm%nt. 13 14 Late Q?nstfzt D Wr%)
=

Rildewt ESRbRh BRI Yuilh

ﬁgFlon 11l & a a
e are currently no effective

3p 157ahd

reatmentswhickrd 6 can be applied shortly before harvest and that retain

7 their ability to provide protection. The great 18 strength of YGP-GET is
e ability to provide a quick 19 kill and maintain this efficacy over a

fongerRitd RenhaAIRBECE0ARED fUHRRCIBEY 21 SN TRER SACH RiMbER
1 6f anti-fungalsHn thissparket 23 whichdiaxe an establisheddrask reser 1,

again
llg

12
13
14
15
i6
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

st Downy

but tHe results presented show that YGP-GET is a

useful trestment.

Late onset Downy Mildew can completely ruin a crop
and there are currently no effective treatments which.
can be applied shortly before harvest and that retain
thelr ability to provide protectiocn. The great
strength of YGP-GET is the ability to- provide a guick
kill and maintain this efficacy over a longer time

than other contact fungicides.

There are a number of anti-~fungals in this market
which have an established track record against Downy
Mildew, but all need some time after application
before the crop can be harvested. Some treatments
(like sulfur containing products) cannot be used if
the temperature rises above 85°F. Phytotoxicity of
copper contalning fungicides is also significant
depending on the variety of grape. Contact
fungicides do not have a long term effect so a second

application of a longer active fungicide is often



24 Mildew, but all need some time after application 25 before the crop can
be harvested. Some treatments 26 (like sulfur containing products)
Wég@g%}kglezgsed |'f '27 the tgmperature rises gpove 85F. Phﬁ@%ﬁéﬁsﬁ%mu
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
econd Sldza plication of a.longer active fuggicide is,aften WQ_ 11 5+ 3 on
005/ 1131 %BPC%?éBIQ%S}R?O%Oeﬁ% 130%21 neeg:e , but may bee(r;g%strictléd
By relelmant rediilationr ZE&.y. PHI or PEI). 3 4 Many conventional
treatments for Downy Mildew have a 5 restricted reentry (REI and or PHI)

which means the 6 grower cannot apply the treatment in fear. that he 7

ill apPRFSO eI e MEncoz 86 AT hALE PRAWE b B8 a5, fiRe @

growerwedle: theadberypahleto @&barest hisgrapes atpaalomataity. kthe

11 Downy Mildew is implicated as the primary.cause of 12 the m 00

Rines Hgﬁ‘ﬁeﬁro&fggbogas?%? e 1%1 ﬁlis%@%%%ﬂeggP-%ET%&ﬁdagﬁc#v he

affectesigrapestd v 4eripertpioperlidme bepickedat peakdhathrsg in tFREI

15 rapigly growing ipdustry, 16 JZAdyaniageously. XGP-GEET should be o

eligible for 18 approval by the various "organic" committees (many 19

Self-appointegithat thisTRBEECES SUMABIERFHSE™20 on grapes grown
1@nder "organic” guidelines. This 21 opens another niche in a rapidly

growing market 22 segment in the US and Worﬁgv'ggi%éry cause of

owny Mildew ig implicated asg t
12 the many poor wines being produced east of the
13 Migsissippi. YGP-GET could allow affected grapes to

14 ripen properly and be picked at peak maturity in this
15 rapidly growing industry.

16

17 Advantageously YGP-GET ghould be eligible for

i8 approval by the various "organic" committees (many
19 self-appeinted) that this product is suitable for use
20 on gfapes grown under "organic' guildelines. This

21 opens another niche in a rapidly growing market

22 segment in the US and worldwide.

23 A

24 Example 22 - In vitro assessment of the fungicidal
25 properties of encagsulated and non—encagsulatad

26 terpenes

27

28 Further tests were conducted to assess the 31 non-
29 encapsulated terpens preparations set out in Example
30 15 and preparations 16 and 22 encapsulated in glucan
31 particles.

32



24 Example 22 - In vitro assessment of the fungicidal 25 properties of
encapsulated and non-encapsulated 26 terpenes 27 28 Further tests
er cted to assess the 31 non- 29 encapsulated terpeRg-paiosn02011
Wprzeﬂﬁg%g |§r%1|s set out in Example 30 15 and preparations 16 anﬁ;zz >
encapsulated in glucan 31 particles. 3204/O 2005/113128
PCT/GB2005M0201L, 108 1 Tocanduct there agianss 20400 sharesa in

were placed in 2 1/3 strength potato dextrose broth (PDB) and 3 sufficient
Fuantitiéd GTEerEEEs BeHeCs SORTHIREEN SRR abidRR v
Loncenlratons Sanging o 40 te 40001 ppredhese testanaterials 6
were placed in separate sterile capped Eppendorf 7 tubes V\ch Botrytis
LinereXOBIEPEIORE, WehBafsd 0}%5&?{” th&THEENores Were
secoveredding centiifugation, atd theterpenbsaiutivrstwersdials
iscarded. The spores/biomass were [l it il
gentrif‘ﬁ%ﬁﬁ gg?a?n ea%dltﬁeﬁe %é:n %ﬁg\cé@fg %%% n%%gjoﬁég i%/g%s%%e%%ﬁ PDB
and transfesraditoh 1305 wWel PlALBeTRE oftical defEIBL6Fthe StHIRATES

44 spargs grewing into mycelia was ragasiyed avesdiia:-c45hkngicidal

activity is defined as total killing of 16 20,000 spores after 24 hours

Serperfecdsigostiteass 3% e &P By TRERBRENEE O iyEefial'grotvth. 18
149 Theiesuisisuggesidhateertaindoonalations yeerei 20 exbtfingicidal at
| f staislicaly,sloniieant level, 21, underhe preseghigst fRIdioRs. sy
iz up im 300 ul 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 tine.
i5 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

18 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



23241,2,4,5,6,8,9, 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
com osmons 27 28 The minimum inhibitory concentration
WOFERSLIVE compounds is set out in Table 26. 30 31 32 g@@&ﬁﬂ%ﬁwn
2005/113128 PCT/GB2005/00201.1 106, .1 Table 25 Material Minimum
ateriélf'ml g]s inhibitory inhibitory concentration concentration (ppm)
ppm >750 7 <1000; >750 10 <1000; >500* 13 <1000; >750

16 <1008ab&80s22 <750; BC-ME<1000; MBEFiad 000; >75P2HHE

different tests, the lowest; coneenfiration that 3 gave no growih,was;either
500 ar 750 ppm. 4 5|Comparative testing of compoundsjin water and 6,

encapsulated in holloweGHRESRBERTAER 7 8 Samples of foTMfRHER o
(gerahiol, eugenol and 9 thx@@ﬁ,)and 22|(eugenol, thymol and ci{tah 10

encapsulated.in hollow nllm red—11- m aeen |du.|

DYQ nranarad

with techniqL?és prewousﬁgl %I%QCHBQC?O 12 The fugglmdal Jroper les' were

then assessed for 13|enrcapstitated @ non-encapsulated feriuilations 50

using 16 <1000; =750 22 <750; >500
26 <1000; =750 31 <1000; >750

2 #*Tn different tests, the lowest concentration that

3 gave no growth was either 500 or 750 ppm.

4

5 Comparative testing of compounds in water and

6 encapsulated in hollow glucan particles.

"

8 Samples of formulations 16 {geraniol, eugenol and

9 thymol) and 22 (eugenol, thymol and citral)

10 encapsulated in hollow glucan particles were preparead
11 in accordance with technigues previously described.
12 The fungicidal properties were then assessed for

i3 enicapsulated and non-encapsulated formulations using
14 the protocol previously described for the non-

15 encapsulated formulations.

16

17 The resultes were quite different with encapsulated
18 terpene formulations as compared with tChe terpenes
19 suspended in water, as shown in Fig 24.

20

21 The minimum effective concentration is shown below in
22 Takhle 26,

o8]
[FS]



14 the protocol previously described for the non 15 encapsulated
formulations. 16 17 The results were quite different with encapsulated 18
terpene formulations as compared with the terpenes 19 su j
W\ﬁafé}rqf%gi%%own in Fig 24. 20 21 The minimurrr)1 effective coﬁr?(i%‘l}lé}r?%{m
shown below in 22 Table 26. 23 WO 2995/113128 PCT/GB2005/002011
}07 1TT§}l%Ie Z%Material MIC in suspension MIC in yeast particles 16
g <

<1000, g 00,>250 22 <750,>500 <500,>250 2 3 Thus, the results

with materiale 163 22 are| 4iite Yodiffermanvdienin agifébugn veast
suspension and when tested 5 encapsulated in glucan parfigles . (Netg: as
mentjoned 6 later, there was some variability in the fesults with. 7

terpenes suspeaded in watef, the €xpefiment Hoted 8 aboveid &n>250

exan‘ipie of thisy; e MIC V3IuES ate; 55 Camposites from several, triaks

Impotrtantly, the 10 results with encapsulated.terpene formulations-de-not
%1 suffer from the problems of variability associated 12 with aqueous
terpenesuspensnsedhete have heestkd five separatedests ofterppnese

suspended.in water 14 and three with the YPs. 15 16 En t
fjérpenégf ﬁﬁﬁ%%%n%’%a‘?% ré‘gdi?y@i%or%%sc%ﬁ%%eﬁﬁ%v%?ergélr%;ﬁ%%\l}?d%%astea

slow redeasmsulated in glucan particles. (Note: as mentioned

6 later, there wag some variability in the results with
7 terpenes suspended in water, the experiment noted
8 above is an example of this). The MIC values are
g 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 Cests of terpenes suspended in water
14 and three with the YPs.
15
i6 Encapsulated terpene formulations are readily
17 miscible with water and provide a slow release
18 terpene formulation into the agueous medium. This
19 resultg 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 encounterad which may have affected the results in

25 this regard.



18 terpene formulation into the aqueous medium. This 19 results in a
longer exposure time of the spores to 20 the terpenes. 21 22 Problems
Eﬂﬂﬁgsthe non-encapsulated terpene 23 formulations in suspension
In the test media were 24 encountered which may have affECEG Hars/002011
results in 25 this regard. WO 2005/11 X PCT/GB2005/002011 108 1
Claims 2 3 1 A composition comprising a hollow glucan particle ora 4
Eell Wagl%air%iéle encapsulating a terpene component.5 6 7 2. A
composition according to claim 1 wherein the 8 hollow glucan particle or
gell wall particle is 9 a fungal cell wall. 10 11 3. A composition according
to claim 2 wherein the 12 hollow glucan particle or cell wall particle is 13
a yeast cell ival*T12 5 Ul Ahcornpsiticn Becording tdTtaifnl 3 Giferéintheclte or a
46 yeast celtwall is derived from acBakersyeast thhgelh 18 195 A conponent .
gomposition according to any preceding claim 20 wherein the hollow
lucan patrticle or cell wall 21 particle is an insoluble waste product from a
2 yeast extract manufacturing process. 23

W

7 2. A composition according to claim 1 wherein the
8 hollow glucan particle or cell wall particle is
9 a8 fungal cell wall.
10
11 3. A composition according to claim 2 wherein the
12 hollow glucan particle or cell wall particle is
13 a veast cell wall.
14
i5 4. A composition according Lo claim 3 wherein the
le veast cell wall is derived from a Baker's yeast
17 cell,
i8
i9 5. A compogition according to any preceding claim
20 wherein the hollow glucan particle or cell wall
21 particle is an ingoluble waste product from a
22 veast extract manufacturing process.
23
24 6. A composition according to any cne of claims
25 any preceding claim wherein the hollow glucan
26 particle or cell wall particle has been alkali
27 extracted.
28
28 7. A composition according to any preceding claim
30 wherein the hollow glucan particle or cell wall
31 particle has been acid extracted.

32



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 a '

WA 1 Wherein the hollow glucan particle or cell wall Blgpxa@tlc e ﬁé&ﬂmu
been acid extracted. 32 WO 2005/113128 CT/GB2005/002011 109 1 8.
A composition according to any preceding claim 2 wherein the hollow
gucan garticlg of. el wall. 3 parligle-Nias heeq oraagic, Solva axtracted

9. A composition a%cordLTng to any preceding claim 6 wherein the hollow

glucan particlesbeceflwalhd padiclevhas udipidl eMERE L1198 oF §icatepl !
8,9 10. A compositiop-accerdingda.clajm,9yhergin the, 4 0dipid coptant of
the hollow glucan particle or 11 cell wall particle is 5% w/w or greater. 12
18 11. A composition according to claim 10 wherein the 14 lipid content is
19% w/w or greaterndSe 16ik2 A cemposiipn-accoiding-tecani preceling
claim 17 wherein the terpene cq) pon%@t comprises,corg: ec!)ro}_ﬁ mare (‘)A}‘a 1
tie terpenes SERSHETrori ha Qrody £ ¢5RSIsiRG o%cﬁral, pinéne; nerol,
b7ionone, 20 genanial]l eahvaxrel, eligedok caname Fdr 2% exaniieater.
Lécarvone), terpeniol, anethole, 22 camphor, menthol, thymol, limonene,
nerolidol,

9 10. A composition according to claim 9 wherein the
10 1lipid content of the hollow glucan particle or
13 cell wall particle is 5% w/w or greater.

12

13 11. A composition according to claim 10 wherein the
14 lipid content is 10% w/w or greater.

15

15 12. A composition according to any preceding claim
17 wherelin 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), texrpeniol, anethole,

22 camphor, menthol, thymol, limonene, nerolidoel,
23 farnesol, phytol, carotene (vitamin A;),

24 squalene, thymel, 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 CaoHis .

32



23 farnesol, phytol, carotene (vitamin Al), 24 squalene, thymol,
tocotrienol, perillyl 25 alcohol, borneol, myrcene, simene, carene, 26

erpenene, linalool or a mixture thereof. 27 28 13. A compasition
5 p
Py

t
W £t any preceding claim 29 wherein the terpene c%(ﬁr% BaAr 2ot

comprises a 30 terpene having have thﬁ% neral structure 31 C1oH16. 32
WO 2005/113128 PCT/GB2005/00201 0 1 14. A composition

according to any preceding, claim 2 wherein the terpene comppnent . .
éompriégs oné T OBPRGE e PeAES QERERSH rSn e Gt A eoisiStng™
af geraniol, thymetecitrak; sanmene s dorexampien L -carwone); esigensel, or
bsionone or a5 Mixture thereer,. 2,8 12,4 Goraposiian acgaiing to any
preceding claim ‘§whersin the terpene component comprises a 10

ndixture of geranios ithiyiol anfl csgaroioll ERIBOA cOMpESifion carvone
agcording to C@B&%M%@Q the. 13.16R8Ne COTPORENt COMPHISRS or =
100% thymol. 14 15 17. A composition according to claim 14 wherein the
1% terpene cofhipBET cBfifiR®%S-50% geraniol and 17 50% thymol wiw.
18 19 18. A composition according to claim 14 wherein the 20 terpene

i 0 0
CgmponleBn:[ COPan %ré%ego%%@i%%g%%%gy i?l%/otg lafgkémé)zlr&vé\évding claim

9 wherelin the terpene component comprises a

10 mixture of geraniol, thymol and eugenol.

11

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

18 18. A composition according to claim 14 wherein the
20 teﬁpene 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 23% 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.



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
W@Fﬁ@?{@'%ponent comprises 33% eugenol, 33% 29 thymSFgﬁ(aB%%%mmn
citral w/w. 30 WO 2005/113128 PCT/G?@OS/OOZOM 111121. A
composition according to claim 14 whereiri'the 2 terpene component
comprises 25% geraniol, 25% 3 eugenol, 25% thymol and 25% citral w/w.
it’s 22. %%om%o%ﬁ"f&ﬁoascjc%ﬁfﬁgatg(% é‘ﬁi(r%“ilg W Oer(e:r#la e %%e"r\rgleer]fee 1" he
cPmponent coreprises=2@%ngerasal, 20907 ugendh 2096 0itrdle 209625 %
thymol and 2036 /5 carvang Witlx10.8% 4 sgmaasition gogording to
any preceding claim 11 wherein the terpene component is associated 12
with a surfactant. 13 14 24. A composition according to any preceding
claim 15 whegein he syifactantis selegtedsrom thes16 graupsensistingne -
of sodium lauryl sulphate, 17 polysorbate 20, pol sor%ate 80,#()' sorbs&e
48, 18 polysotSERBY: polgIGeet e SRFPTS E%%g%pcérgﬁﬁ% oBteaté’”
decaglyceryl 28:prenotappdate; prapylene gy cohdicapribaté, ZXiktriglycerol
rrbonostearate,c cZﬂé\;lgé)rlyé)X‘X%'Egh.yIenesorbitan monooleate, Tween(r),

9

10 23. A composition according to any preceding claim
11 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 congilsting of sodium lauryl sulphate,

i7 polysorbate 20, polysorbate 8C, polysdrbate 49,
i8 polysorbate 50, polyglyceryl ester,

19 polyglyceryl moncoleate, decaglyceryl

20 monocapryviate, propylene glycol dicaprilate,
21 triglycerol monostearabte,

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 te 99% by volume terpenss, 0 to
28 99% by volume surfactant and 1 to 9%% 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



23 Span(r) 20, Span(r) 40, Span(r) 60, Span(r) 80, Brig 30 24 or a mixture
of two or more thereof. 25 26 25. A composition according to any
“Precedin claim 27 comprising 1 to 99% by volume terpenes, 0 to 28
Mﬂy me surfactant and 1 to 99% hollow 29 glucan 5595{&@%0%3/0(9&1”
wall particles. 30 31 26. A compositionlaffording to claim 25 comprising
32 from about 10 to about 67% w/w terpenes, from WO 2005/113128
PCT/GB2005/002011 112 1 about 0.1, t‘g)galgf({)ﬁt 10% gv/w sur{_’actaﬁt a_lrldm
flom 2 about #BXBadbut IV oo giidar 3 phaRidiEE or Eatt wall’
particles. 4 527céccdmpositidpcaccdrdimgdovarhcpiecediigiciaim 6
suitable for killing bacteria or fungi..7 A Ipesition according to
a%y precedin ca:\l%l}:m:]'c Eé%itgﬁlec%hrjkim’%gg ?néﬁc.z‘queﬁ%‘gi A composition
akcording to any preceding claim, 12 suitable for killing mycoplasma. 13
14 30. A-compositign, gecerding L0.apy Preseding LainpAscwherain dhe im
terpenes used are food grade. 16 17 31. A composition according to any
pPeceding claififeom phehgtan HtficRT Fsod-§ratfe a6 19

compound. 20 21 32. A composition according to claim 31 wherein the

8 28. A composition according to any preceding claim
9 suitable for killing mold.

10

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

18 compound.

20

21 32. A composition according to claim 31 wherein the
22 additional food grade active compound 1is an

23 antimicrobial agent or enzyme.

a4

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.

32



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

Wé)g?é) ?f léﬁlignti- 28 inflammatory agent or an anaesthetic. 2gP QYRR e2011
composition according to any precedin%;claim 31 further comprising an
antioxidant. 32 WO 2005/113128 PCT/GB2005/002011 113 1 35. A
composition according to claim 34 wherein the 2 antioxidant i rose.ma%
ail, vitarhin C Br 3R~ 4 % 38 CRBSIPSsition Gc8orbing o'y =+ ©©
preceding clain £6 dxthisformi ef ackypardesil ,8 87 Ancamposition
a}ccording to any opﬂgrgfglaims 1 9to 35 in a pellet, tablet or other solid
form. 10 11 B‘Q%compﬁéition according to any preceding claim 12
cbmprising a dispersal agent which promotes 13 dispersal of the
composjgon when,placed.inig.a ;14 iouid, 15: 16 39, A,CUBRPastioNc1ain
according to any preceding claim 17 in combination with an agriculturally,
f6od or 18 phigtmacaufiealy aéc&ptable EANERBr 19 excipient in a liquid,
splid or gel-like form. 20

8 37. A composition according to any one of claims 1
9 to 35 in a‘pellet, tablet or other solid form.
10

il 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 liguid, solid or gel-like form.
20

21 40, A composition according to any one cof claims 1
22 to 35 suspended or dissolved in a ligquid.

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
28 pom hollow glucan particles or cell wall

30 particles, where the particles contain from

3L about 1 to about €7% terpene component,

32



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 liquid is water. 26 27 42. A compasition
W&%&?F&?ﬁ% either claim 40 or 28 41 comprising from about506R8 ARG
10,000 29 ppm hollow glucan particles or‘ﬁcell wall 30 particles, where the
particles contain from 31 about 1 to abo it 67% terpene component. 32
WO 2005/113128 PCT/GB20051002011 114 1 43. A composition ., .
accordihy-to AaffR A SonPpA%iNG<S From&hot? 16368 6] a%lﬁ(;u? 2080 ppm -
hollow glucans -pariblestoricaliovak pattwles, 3ieretbe hpatticlesyiucan
contain from about,10 to about 50% 5 terpene en .6 4. A
cz’omposition ﬁ:%%%&ﬁoé?g a?@ gneg' éff (‘:ﬂi%?r%s%%r %rg%%géor%%%%i%g&é
between aboutalrppmilarsd abbbe 925 ppr offeiferpEné ofisditent O10
.11 45. A compositign according to.claim,44 comprising 12 between
about 100 to 1000 ppm of the terpene 13 component. 14 15 46. A
cdomposition according to any one of claims 1 16 to 39 which is dispersed

i wateg, saling, d&:asnIe0usdexieser giyeeralorethapakiodormla s 40

solution or suspensijon. 19 ,
8 é% 43 comprising between about 1 ppm and about

g 25 ppt of the terpene component.

10
11 45. 2 composition according to claim 44 comprising
12 between about 100 to 1000 ppm cf the terpene
13 component.

15 46. A composition according to any one of claims 1
ie to 39 which is dispersed in water, saline,

17 aqueous dextrose, glycerol or ethanol to form a
18 solution or suspengion.

19

20 47. A composition according te claim any precading
21 claim which includes a wetting agent, an

22 emulsifying agent or a pH buffering agent.

23 |

24 48. A compositicon according to any preceding claim
25 dispersed in a liguid human or animal food or
26 drink material.

27

28 49, A composition according to any'preceding claim
28 in a form suitable for oral administration.

30



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.
WO g{ﬁgﬁéﬁ A composition according to any preceding claimp@p/dispesseth11
ina ﬁqw human or animal food or 26 drink material. 27 28 49. A
composition according to any preceding €laim 29 in a form suitable for
oral administration. 30 WO 2005/113128 PCT/GB2005/002011 115 1 50.
LA cor%Bositi n gc{go{g@@g igz?r‘é{%ﬁfiﬂ@i% 15%1;0 484n gsfonsuttable
“for parental administration. A5 51, A composition according to any one
20f claims 1 oMb ra Fork@BHitaME TBPIGHIERY RamFistation. 8 9 52.
;A method of preparing,a hollew glucan particle 10 or cell wall particle
encapsulating a terpene it component, said method comprising the steps
4of; 12 a) providing a terpene component; 13 b) providing a hollow glucan
=partictejor cell dskwall partiele atz 6y mcubating ahney terpene Somiporant
with the 16 glucan particle_or cell wall particle. under 17 suitable
€conditions fgcferépéerféﬂlg eﬁ%ﬁﬁsﬁ%ﬁgrgﬁ é‘[l’?d Bgd)%rglc%\?e%iing the hollow

-glucan particieralced wealk 28nparticle encapsulating the terpene
8component.

e, 5. A method of preparing a hollow glucan particie
10 or cell wall particle encapsulating a terpene
11 component, sald method comprising the steps of;
12 a) providing a terpene component;
i3 y providing a hollow glucan particle or cell
14 wall particie;

15 ¢) incubating the terpene component with the

16 Qlucan particie or cell wall particle under
17 suitable conditions for terpene

18 encapsulation; and

15 d) recovering the hollow glucan particle or cell wall
20 particle encapsulating the terpene component.
21

22

232 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 drving
29 is achieved by freeze drying, fiuidised bed

30 drying, drum drying or spray drving.



21 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
W\ﬁﬁ@?é’iﬁ%ﬁ?ing 29 is achieved by freeze drying, fluidised bggT%Bé?%ﬁoé},mn
drum drying or spray drying. 31 WO 209%[13128 PCT/GB2005/002011
116 1 55. A method according to any oné of claims 52 to 2 54 wherein in
step a) the terpene component is, 3 provided as a suspension in
dqueoussol nfq@zf%ogﬁ.aﬁ?ﬁérf%ola(gc%%r&i% t8°¢Taifh 5§%v%l§%iﬂg%et€
terpene compphenhéspiavided ftassaciatidre 7owithensurfactant 819 57,
A method accordpgda.ciain 26 MIE s, LSWAGANLS. . sorvent.
polyoxyethyle%esor itan 11 monooleate at a concentration of about 0.1 to
¥2 10% by volume of the total reaction mixture. 13 14 58. A method
agcordigg to any,ene of claims: 54 1o, 1854 whareinsn.giep a3 the terpene

component is 16 provided as a true solution in,the aqueous 17 solvent.
18 19 59. A nicthBG 2R cERARG 6 ANy TheP oA 520256 38 ihéfdh in
step b) the hollewrgldcanrfactant .

8

9 57. A method according to claim 56 wherein the

10 surfactant ig polvoxyethylenesorbitan
i1 monocleate at a concentration of about (.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 gclution in the agueous

17 golvent,

18

1e 58, 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 &
22 suspension in water or other suitable liguid.
23

24  80. A method according to claim 59 wherein the

25 suspension comprises approximately 1 to 1000 mg
26 glucan particle or cell wall particlesg per mi.
27
28 61. A method according to claim 59 wherein the

29 particles are dispersed in a volume of from the
30 hydrodynemic volume (HV) to 1.5HV of liquid.

31



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 59 wherein

the 25 suspension comprises approximately 1 to 1000 mg 26 glucan
WELHIIE '3 Gell wall particles per ml. 27 28 61. A method acggggﬁf@zqgsmazﬂn
claim 59 wherein the 29 particles are dispersed in a volume of from the

30 hydrodynamic volume (HV) to 1.5HV*dfliquid. 31 WO 2005/113128
PCT/GB2005/002011 117 1 62. A method according to any gne of claims
59 to 2658 wherBiRGRGef By tHEHBHowYIGEN grﬁarﬁélecéaﬁé?ﬁ/v Lo
particle is providedias-aihdinnpewderd 663 Adnethodaccording to any
one of claims 52 to, 7 62 wherein in step c) the reaction is carried.8 out at
a%mospheric p?ggécujrgfa? aoffen%p?gr%tl‘ﬁ‘?eée'% % %lu(?%%, ] ﬁ&oﬁbd%(% é4g @
Admethod of kifling aemideaorganism, said 12 method comprising the step
og; 13 - contacting said microorganism with a 14 composition comprising

a hollow glucan 15 particle or cell wall particle encapsulating 16 a terpene
cébmporfeht. 17 T8BBOA metsEorFestng oy pRivRihgahfediontt £
a-plant, said methqd spaprising she-step of: 20 —adminisiering, edried

therapeutically i .
3] out at atmospheric pressure at a temperature of

° about 20< to 37°C.
10
11 64. A method of killing a microorganism, said
i2 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 clalim 65 wherein the
27 infection of the plant is caused by a nematode.
28
29 67. & method according to claim 65 wherein the
30 infection of a plant is caused by a fungus.

31



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
WOEPEHIRS 27 infection of the plant is caused by a nematod&I’$8283§92011
A method according to claim 65 wherein the 30 infection of a plant is
caused by a fungus. 31 WO 2005/113128%PCT/GB2005/002011 118 1
68. A method according to claim 67 wherein_the 2 fungus is down
nhildew SSowdBryitaeR 3 BEHRE hih&H-fot™a &3 6‘@1.“%5?1%%0%16
agcording to any:enesof elaiosbd tai ba8\vhereiddre plaritdea grape
vine. 7 8 70. ? rgethod according to_any one of claims 65 to 9 69 wherein
tﬁe compositi Y |sr3f&r:hlsnis %Irlé’:(ijl ZJiOEO days or less prior to harvest of a
ctop from 11 the plant. 12 13 71. A method according to claim 70
whereingthe 14 compogition is administered 14 days grlesg, Lagrios teo
harvest. 16 17 72. A method according to claim 71 wherein the 18
cémposition ist&diiifstetsd R -6ressS1G pAbFREhEAESt. 20
7

8 70. 2 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 crcp from
i1 the plant.
1
13 71. A method according to claim 70 wherein the
14 composition 1s administered 14 days or less
15 prior to harvest.
16
17 72. A method according to claim 71 wherein the
18 composition ig administered 7 days or less
19 prior to harvest.
20
21 73. A method according toe claim 72 wherein the
22 compogition is administered 3 days or less
23 prior to harvest.
24
25 74. A method according any one of claims €5 to 73
26 wherein the composgition is administered by
27 spraying.
28
29 75. A method according te claim 74 wherein the
30 composition is sprayed at a rate of 5300 L/Ha or
31 greater.

34



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 3D composition is sprayed af agate of 500 L/Ha or 31
greater. 32 119 76_ A method according to claim 75 wherein the

composjion issprayedat adats-af 900 LA % areater oheAMethed
according to claim 76 wherein the composition is sprayed at a rate of

1200 L/Ha or GPBREP 78 Fmisth @ RE¢& iy o Bf clafifs BEHE ©*
73 wherein thergempesition is administered via irrigation. 79. Use of a
composition comprising a hollow glucan particle or cell wall particle
encapsulating a terpene component in the manufacture of a medicament
for prevEhtingfornesiing arafeddawintg padedtwheraigapdn the

medicament ig-gpifable {Qlbeing agdpinjeiaresio-said patigdt Mo n/Ha
therapeutically effective dose. 80. Use according to claim 79 wherein the
infection of th€Paf&Ri§Thused by Staphylococcus aureus, Aspergillius
Fumigatus,

78. A method according to any one of claims 65 to
73 wherein the composition is administered via

irrigation.

79. Use of a composition comprising a hollow glucan
particle or cell wall particle encapsulating a
terpene component in the manufacture of a
medicament for preventing or treating an
infection in a patient,
wherein said medicament is suitable for being
administered to said patient in a therapeutically

effective dose.

80. Use according to claim 79 wherein the
infection of the patient is caused by
Staphylococcus aureus, Aspergillius Fumigatus,

Mycoplasma Iowae, Penicillium sp. Or Mycoplasma

Pneumoniae.

8l1. Use according to claim 80 wherein the
composition is administered orally, vaginally,
rectally, by inhalation, topically or by

parenteral routes.



82

83.

84.

Mycoplasma lowae, Penicillium sp. Or Mycoplasma Pneumoniae. 81.
Use according to claim 80 wherein the composition is administered orally,
vaginally, rectally, by inhalation, topically or by parenteral routes. 120
82. A composition comprising a hollow glucan particle encapsulating a
terpene component for use in the prevention or treatment of an infection
in a patient or a plant. 83. Use of a;hegllow glucan particle encapsulating a
terpene component in the manufacture of a medicament for the treatment
of an infection in a plant. 84. The use of claim 83 wherein the infection is
caused bynAspergilius furaigatus; iSeleratintahdoimeocagpa;cRhizacteniacle

SOH@E&%%%%RQ@QHS]gg”n%@%%%ﬁ% P%gﬁ@gﬁ@ﬁ@- for use 1in the

prevention or treatment of an infection in a patient

or a plant.

Use of a hollow glucan particle encapsulating

terpene component in the manufacture of & medicament

for the treatment of an infection in a pilant.

Aspergillius fumigatus, Sclerotinta homeocarpa,
Rhizoctonia solani, Colletotrichum graminicolia

Penicillium sp.

The use of claim 83 wherein the infection 1s caused by



