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present invention relates to a method for preparing cyclodextrin

conpl exes of actives, such as flavors, perfunes, pharnmaceuticals, and
the |like wherein a higher percentage of active is coraplexed with the
cyclodextrin conpaiatUopROReNtFINaR BEhedare! syBremg cycl odextrin
conpl exes. The present I nvention also relates to the new cyclodextrin

i ncl usi on conpl exes, which can be prepared by the nethod. BACKGROUND The
use of cyclodextrins_as a conplexing agent for materials is known. For
exanplT @awq‘IOI?BW'Hg U.S. Patents disclose the use of cyclodextrins to
conpl ex actives 2 96, d 4.348,416 to
Bor den (flavorfﬁg ﬁgfgggh? ?nb@ﬁgééph %ﬁemnng d%n] %§§¥§ 855
cosnepinEparing ) ¢yd]l 286X ront coBraeukiso ot &ﬂtl%@ﬂdssushp@sefiawsrsn

d 39 : 1

(Sf’ g;%g# Lﬁﬁ %égﬂééegglgéﬁgﬁargﬁggguel cgl%% vg@%}%lgwﬁsﬁigﬁ%rune et al.
(i nsemnﬂ@ma%dof agarivedab c@mpégmﬂow)th L2440 9eB0dextioin et al .
(ment IEQ:Jrr[paniw é@ﬁb&ﬁt%ﬁalaﬂﬁtzh@ 'dfﬁe)rna}kdir%g?’ O,géﬂo% Ox n§£0 et _al.

(nitro-glycerine 228,160 to SZje 4,247,535
to BecosEdigres - al Th@c@ﬁsﬁeﬁ’én%nrfﬁﬁmmrasl)so e bEe 5090 t bh&ahawur a et

al . (%%dldﬂﬁfﬁﬁﬁﬁclﬁélhﬁﬁéﬁ cofip36Re801 vl Hzi @l ipetpad aféErB Jthe
i norgani ¢ acid conpl exes); ﬁ 673 to Pitha (ret|n0|dé§ , 626 t

SzjetmeRQPQﬂ. ( hor nonal plant gromﬁh regul ator), 4,438, 106 to Vﬂgu et
(long chain fatty acids useful to reduce cholesterol); 4,474,822 to

: Sato %&m%kg%%hgg essence conpl exes); 4,529,608 to Szjetli et al. (honey

. aroma 5 to Kuno et al. (hair waving active-conpl exes);

“4,596, 795 to Pi thige (§8 BPVBSJBEé)iexti-a@l%ﬁ A0 lﬂérﬁ-’pl@hﬁé aééHE' pagterial
conplexes) 636, 343 to hi banai (insectici de conpl exes 663, 316 to

N|ngeP%&?%ﬂals(%ﬁtk%?%@rcsf°r4eﬁ?§P§§5 threrfoliowing B (H?HSRFﬁloI)
4, 732 43%% 134k 4 H@8uSd Oof OcPblbasstrehsalto (gl e didt vess: DS .-

22730% :":ent Nos. 4,296,137, 4,296,138 and 4,348,416 to Borden
(flavoring mater1a1 for use in chewing gum, dentifrices,:
cosmetics, etc.); 4,265,779 to Gandolfo et al. (suds
suppressors in detergent compositions); 3,816,393 and

4,054,736 to Hyashi et al. (prostaglandins for use as a
pharmaceutical); 3,846,551 to Mifune et al. (insecticidal and
. acaricidal compositions); 4,024,223 to Noda et al. {menthol,
methyl salicylate, and the 1like); 4,073,931 to Akito et al.
(nitro-glycerine}; 4,228,160 to Szjetli et al. (indomethacin);
; 4,247,535 to Bernstein et al. (complement inhibitors);
4,268,501 to Kawamura et al. (anti-asthmatic actives);
4,365,061 ﬁo Szjetli et al. (strong inorganic acid complexes) ;
4,371,673 to Pitha (retinoids); 4,380,626 to Szjetli et al.
{(hormonal plant growth regulator), 4,438,106 to Wagu et al.
(lLong chain fatty acids useful to reduce cholesterocl);
4,474,822 to Sato et al. (tea essence complexes); 4,529,608 to
Szjetli et al. (honey aroma), 4,547,365 to Kuno et al. (hair
waving active-complexes); 4,596,795 to Pitha (sex hormones) ;
4,616,008 Hirai et al. (antibacterial complexeé); 4,636,343 to
Shibanai (insecticide complexes), 4,663,316 to Ninger et al.
{(antibiotics); 4,675,395 to Fukazawa et al. (hinckitiol};
4,732,759 and 4,728,510 to Shibanai et al. (bath additives) ;
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-, 13 JULY 2006 4,751,095 to Karl et al. (aspartanane); A, 5&&'Igyiyz?coffee
extract),; 4,632,832 to Ckonogi et al. (instant cream ng powder)
5,571,782 and 5, 635, 238 to Trinh et al. (perfunes, flavors, and

extrins conpl exes are particularly deS|rabIe

d
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nat er iegde pedd ) A stbgdsznr L8 bRendav et et er(ﬁhsténtp&%aﬁl&ﬁg from
degr adat i on as esult of .reactions induced b heat , and/ or

react POWSH%h %x@b%n73? 8PHer  Edrpadfad-© TR ehphl géfﬂmﬁéhe is a
r eact ifyevicf Penend hpharfackRackard) .in tangerine fIavors y-terpinene is,
however, asily_oxidize C ne which has an u nt .kerqQsene
note. By conplex?%ﬁi?ﬂ%xgrﬁgﬁpléﬁaiQHqﬁ1%ﬁﬁﬂ?ﬁ%&}??ﬁgFﬁX %€§ME is
pr ot eeihesh fulom ddeiedvessa Eﬂh@r@tﬁr@f naegeimBnd Bpr OMinﬂeéxanf_:ﬂ a;\r@r that

le f h . he fl
ot or (AP E FRECFORbTIER &1 Yo b ocher LIREOF| BOGP HAr Sl by
vol at iprictatd toed afitbor degbhdmbtionn asFer meuipt eof diraaet ybnis 1adu\d%lc‘aﬂdy e

conpound,t r fI fq v Lty t he but

fl avo?!1 %t reao@?‘; I oswéﬁg 3‘ prog"h *Jc%%?a(?ﬁléshﬁl aggfr?lo
heate@onlﬂﬁﬂmvimg VheernuaeeeyhamaﬂragmﬂxxEmtarpenhomhaEr;sleads to

| ess r steyWhed he tiLS in a
n1cro%a?gyﬁaﬁéS%Rt?%ﬁégg§%go éxtrlﬁ;coQélex é#%%l SPB%F%QE

st andgegiiZetl poiRibredcbat RrAYAgGREhabd@ll e g m %m@leagyntokem9§enseung a
powdenoithe oyl 088X 1 £k IngORRLEXRT AHA AR With ”@?é%éexﬁ%ﬁﬁ' %hheand

-store. The increased stability of the flavor when conpl exed

k_pyclo&@mﬂquﬁw%ﬁlEE%t%CFﬁgngomw§P&wﬁﬂquﬁﬁ eakceessPér eYEsRgend As a

resul prefvildees 4 npraved shabi list yramaAslriow anmushslehgbiepblaver Jes nmore
preci se since. the flavor content remains nore constant over tine. The

| onge*8¥orage tinmes, easy handling, -and sinplicity of use all reduce
costs and thus amemplexmngéthbaElawmpdnnanmmtén&ahewibhdaindustry; A

| Iﬁrth% AN L5 REQELLT reQlickE AGY LUNL ME1260PPHEEER 6T LAt |ess of

volatilization and/or sublimation. For example, diacetyl is a
volatile compound that has a butter flavor. Due to its
volatility the butter flavor is readily lost when food
products containing diacetyl are heated. Complexing the
diacetyl with cyclodextrin, however, leads to less butter
flavor being lost when the food product is coocked in a
microwave.

In addition, cyclodextrin complexes provide stable,

i« standardized powders containing the active that are easy to

- use. Being a powder, the cyclodextrin complexes are easy to
measure, handle, and store. The increased stability of the
flavor when complexed with cyclodextrin provides a flavor
material that can be stored longer. As a result of the
improved stability measuring amounts of the flavor is more
precise since.the flavor content remains more constant over
time. ‘The longer storage times, easy handling, and
simplicity of use all redﬁce costs and thus are of commerc1a1
importance in the food industry. A further economic benefit
of using cyclodextrin complexes is that less of the
cyclodextrin complex is needed to flévor food compared to the -

natural spice or flavor.
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"~ cyclodextrin conplex is needed to-fi'avor food conpared t 0 1BREULG2004
spice or flavor. -2 DCf .227305.1 . 13 JULY 2006 Yet another advantage of
cycl odextrin conplexes is that the natural material content of sone

. .flavors can be reduced by conplexing the flavor conponent(s) with

- cycl odextrin andykBuanblt@eri sitheintlderdf ccyEP6EERPE1NS coblie®etzed sand .

~the risk of mcrobial ,contam.nation 1s reduced. T content of the flavor
1 corveRt | BHEI NAEYERGEREAT Mot (3 Salie y ELAHGES FrBBbout 5 t o
15 peredutedabg oomplekiier fuhemil vl cpepeeshc (&) awaek typically
consi st_ o re_than-_aqne,co nent. gnd i Lt.1s ossi bl e.to conpl ex
al | th?%%ﬁ%%ﬁgﬁ%g g FLue r g&p%%?ﬁllr]g%%? hrEQE'g&PB&e%Fri n,
gener ahlyiwibtgdt Aadnbhe nisgknerfalrie wanpohendstahihheibhaver redyeesi ti on
are conpl exed. cific flav n flavor enhancers_include, for
exanpl e, those ?lgchS?g&xﬁtnog %.ha%gﬁg%‘f%r £-3480 8" ﬁ8n§,1571, 782.
Speci fayckadapteinofomplenes domplmdeldy wiangesyftodeaboub Bntlouds: U. S.
Pat ent 56 7 et t.hat. di apq|i nt beverage
in\Mﬂgéig% Eb|§n§|é?%%s§%§%€'5?%#%{7én%d%gd%%%§§3§fegéﬁ?%%% r oast ed
cof fectYedmallyr oapsddtbedndorsy blwustent ceompdnane godpibide it s
cyclo AL S, t; : Eggﬁﬁgg% PR N t hat ‘
di scl se%égﬁg?p%%sg?ﬁ ?gghglgfgﬁgfujon olh%%ﬁgf %%sdggaqkﬁat preserves
the arePBPe&bSiaRceibh ghé Wy donTene FRyl Ly hendvokhiecB@penent s wi t h
cycl odaxihbPable ScofipbahtMoof 3615 Hdvort & &St 8bnahre! BampliesEdpses
conpl exi ng, ppat _and vegetabl e aronmas with cycl odextrin; U S. Patent No.
ﬂ4,00L$Eﬁ£l§ch§}ﬁﬁoEF Pd OFatt @VRY cyhanpher At udgel saexerample,

" { conpl extesséogistaveedngnclieW.n@gienitand, 346, 14 Pat gadl Blos713784Q, 184 to

. obbins et al. tpat d%scloses cet al dehyde/ -diethylac tatghpyclodextrin
conpl exes. Conpl 8RFRY t-Fe SFPAPor™nit (VLexTTTR-G6EE ot adversel y
ef f ectcydbodérvoin tegiude: &. Spferarcaiof 4h260f 5680 tbnShict eti mlsone
| nst angges. L 8estp8debeXhlfisTAE HehHaHde B [ WRIOY CHoRULIRMRIGI the

' and aromatic components present in roasted coffee beans,

roasted beans, or roasted cereal are complexed with -
cyclodextrins; U.S. Patent No. 4,529,608 to Szejtli et al.
that discloses a process for the preparation. of honey powder
that preserves the aroma substance of the honey by complexing
the aroma components with cyclodextrin; U.S. Patent No.
3,061,444 to Rogers et al. that discloses complexing meat and
vegetable éromas with cyclodextrin; U.S. Patent No. 4,001,438

,_  to Marmo et al. that discloses peppermint cyclodextrin

tw complexes for flavoring chewing gum; and U.S. Patent No.
3,140,184 to Robbins et al. that discloses acetaldehyde/
diethylacetate cyclodextrin complexes.

Complexing the flavor with cyclodextrin does not

adversely effect the flavor, texture, or appearance of the
food. In fact, in some instances the food texture may

‘mplexing the flavor with a

actually be improved by c
cyclodextrin. For example, soups and drinks prepared from
mixes may be beneficiallyuthickened when the flavor is
complexed with a cyclodextrin.

Cyclodextring are obtained by the action of the
enzyme cycloglycosyltransferase on starches. In dilute

aqueous solutions the enz&me connects the naturally occurring
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_cycl gdextrin. "For" exanple, soups and drinks prepared fron%sr%gléy%r%y be

‘beneficially thickened when the flavor is conplexed with a cyclodextrin.
Cycl odextrins are obtained by the action of the enzyne

.. cycloglycosyl transferase on starches. In dilute aqueous solutions the
enzymaeddesctin tdtmreh wal qurmc‘eudliin&gm&namdpo’a&?jn&dséﬂrﬂw 8606
hel i xes in stargh

t 3-di al
Oyl BT Se SRR Tbaac T Enge ooaar s Coittedyifhcboe
uni ts'?an@brarae gle.fcmrseedmxtsasaad 48e oefprreycltaded rans3, respect ivel y.
Th f f d
segoﬁx Ql?fd%yrfso gllré(; tg%\ge?.g hya‘?ltg[) lérr% nm% e?ﬁ'f %:ig?é%’fla?he
cromm11¢mn$uﬂunUHneﬂqomﬂ1seﬁboﬁ pndmhyyra@dﬁsaannﬁawylhydmmxyllnkages
d f Thi li t
hydr ogenEe S A WSl Y, T rRelIRERRERT Ha SE LS otk i n
nDIecab@amﬁﬂanmﬁlﬂkﬂLgﬁomanbﬂplenéshYﬁﬁpaea\ﬂunmSNﬁmdngthﬁrchen1calIy
di T eh aheacRIP IS L3I LTS Oy ak8pHEbekn % iRGL! Ve d hﬁa&ygﬁg PXEr ! 0
a ac

behaves "host"' ccomm ate, “and re ease ive or
" guesBETURSIEEIvE. th & ydrgpbi l ket REBETACE AW IRhob Iy cinbexiorn

conpl exaswsAldhd h8sa Jet:hogsn i m&%&ﬁlecgat %@ﬂnﬂﬁﬂcﬂﬁlé’ﬁﬂ VEompM &Rekhe

cyclodextrin to formthe coppl ex. a warm agueous solution of

the cydtduéttide MAE&EHeE ¢%5 ﬁhﬁ@acaﬁﬂw dﬂﬁé%&ﬂ%&?‘&ﬁ’o‘é%‘ﬁ%ﬁ%ﬂ{frﬁﬂne
for the ck@ﬂalex d9 datiresf ol Tnaedybyoa@m\tah Oe Hadiee AqUEIRE!Sa SOhYEAY.

Alternative | exation_c nt lace in an organi¢ solvent or an
aqueoﬁz‘aézolc\i%’nt C&fﬁ“éc?ci‘(ﬁ'%% an™ ﬁ?@?’%ﬁs%ﬁ\? A LR P eseRteEFve or gani ¢
Lsol vemiA eicmdleude et hanol, isopr opanol , acetone, and ethylacetate. In

anot her nethod, the actlve is conbined with a small amount of solvent to
form a past e and: vl ety | ofleme thadand rpadnevay &k ntadedcyoledéestrin form

the mﬂuse gsf ol 'zﬁvx.edcrbé/s@'nxéeaogeem%we' %rpﬁﬂgédgﬁ;% dhi SacfBhod i s ..

. comonl ratio of active to N s reqwred.

Once m%weomqudfﬁwewu §°moFH§dcﬁ’“\P&ﬁ"éty Briethbds arwarm
avai | gbpedu® Folitdion of the cyclodextrin molecule is mixed with

the active for sufficient time for the complex to form,
followed by removal of the aqueous solvent.  Alternatively, -
complexation can take place in an organic solvent or an: -
agueous solvent containing an'orgénic cosolvent.
Representative organic solvents include ethanol, isopropanol,
acetone, and ethylacetatef_'ln another method, the active is
combined with a small amount of solvent to form a paste and
’ _ the cyclodextrin'and paste are kneaded together to form the -
«“ complex, followed by drying.the resulting complex. This
method is commonly used when a high ratio of active to
cyclodextrin is required. : Once the cyclodextrin complex is
formed a variety'of”metho&s are available to dry it.
Typically, the compiex is filtered to remove the solvent and
air-dried, driéd in a vacuum oven, or freeze dried. The

complex may also be isolated by spray drying.

All of the methﬂds for forming cyclodextrin

complexes involve an equilibrium between the active complexed

with the cyclodextrin, i.e., the complex, and the free active, -
i.e., the active not complexed with the cyclodextrin. Thus, a

specific amount of free active is always present. When

g - DCI - 227305.1
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_Typically, the conplex is,filtered to renove the sol vent %1% a¥r- 6|ed

"dried in a vacuum oven, or freeze dried. The conplex may al so be
i sol ated by spray drying. Al of the nmetholds for form ng cyclodextrin
- . conpl exes involve an equilibriumbetween the active conplexed wth the
cycl oflext aking tfhe dqu:lcmfmgaaxy ﬂﬂdethetiveelsctljds.t during the active
clodextrin

not c exed w_t S cific .ampunt of .free
acti vgﬂg LSy é’g"e :W%ns’tellgs Dcfmg EE‘?@O %el(?%ﬁleﬂﬂé ?EoFREi ng
t he cprptexs dmy nfucte s Wehas 1063 . duThegeiflﬁacﬁarid}eromg:m@mcdsg| ng
steps, _and_t hus,, t he ffICI ncy, of [ 0Cess ch | ess t,han 1000.
The e*?l Elfagﬁ(‘:"f gf E’ts*néc(%pr dcess 1¥t rr‘ég(gu]r? g‘%fj é’oﬁ-ear ?ﬁse‘f%efor

I ncor petaveon iafe.t,héheacmoumt |oie actheeanaanwemfech(ats \&e cr;e:c:lw@e:etlrﬁﬁ a
cyclodextrin conplex _divided by the starti ng anount, of actlve For

exanprempi g giridesh &y |"sh%1e?1"e"i"a¢3r§/90ﬁtl“9u§50 3¢ tdefeentFomhen

cycl Oélﬁéﬁnbu& ceme @mﬂ@ad}ecme% Sfle PY1 BPr aN1Y waaﬁlt 3161553&@@9 spray .
drying cycl od n conpl exes, stantially an 5 ercent of the
act i vVEREENCHE GQE’tXtE&ﬂ PSS v hG §‘?%Bve?ﬁgiﬂyo§§3r§fy ¥9i ncr eases
the corhisf whie sfpﬂg@l drwdigtc?dfmbh déxeﬁpﬁccahbylepdsﬁjl @tﬁ:ﬁétfari@{jal%y
expensive actiyv urt hernp t he expense _of c extrins and thus

t he cBSt® ogg’fﬁﬁe re?t?ﬁqer{g: cci/t[cl%}(’]%x??'i:ﬁ %oﬁﬁpei?gs{ﬁf&e YR ?helr
comredeydhgustepAs ThissUldss abf hacighve ythodeasrisn theonpsxast ofharar i.ous
activ hav o} el rci al
use. erslag gjr%%% tezl%i %S{gegﬁ?%g%l¥eéra%}ﬁ%e§a%g§dﬁoor reé%’uécr({a J‘f:‘géemgost of

produachdvesycl odextrin conpl exes so that they can be commercially
ngal uabl e. The present invention resolves this need. SUVWARY OF THE
| NVENTI ON The pFegdhernmansy i e rexrerset efnewchiogireityigwiiand thus

CyC|OQﬁétEb%t'@@lﬁﬂéﬂiéﬁﬂmﬂf%@srﬁ@mé@éﬁtﬂgno&%m@léﬂﬁ§3hé¥é|N§§1@@§ to-a
process for prepari,ng such co | exes. The E cegzln es the steps of
di ssoFbehg 83?81“%&531‘331 M4 a ASF VEREUT R a2 EE‘E’H X ¥B_rm a
firstcsmpliekes, ciddiaigouheaontve: have bethydd sid ddwel fdndtsswl fbton

W th EE'EEE”%rE? their commercial use has been limited. "Thus,
there remains a need to reduce the cost of producing -
cyclodextrin cbmpléxes so that they can be commercially

valuable. The present invention resolves this need.

SUMMARY OF THE INVENTION

Thé present invention relates to new higher 1oading'
k; cyclodextrin inclusion cdmplexes containing one or more |

actives and to a process for preparing such complexes. The
process comprises'the steps of dissolving cyclodextrin in a
solvent in a reaction vessel to form a first solution, adding
the one or more actives to the first solution with stirring to
form a second solution of %he one or more actives and
cyclodextrin, stirring the second solution for a sufficient
amount of time and at a sufficient temperature to form-
inclusion complexes between the cyclodextrin and the one or
more actives, adding a solids content increasing agent to the
- gsecond solution to increase the solids content of the second
solution and form a third solution, and drying the third
solution to form the cyclodextrin inciusion complex as a dry

powder.
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forma second solution of 'the one or nore actives and cg RIEXL 2006
.stirring the second solution for a sufficient anmount of tine and at a
“sufficient tenperature to form inclusion conplexes between the
cyclodextrin and the one or nore actives, adding a solids content

I ncreasing agent to the second solution to increase the solids content
of the second $Sdleutdarcemdrdoiomact heydledentivdn, iandher yiewpndie third

solut 0 Lfoext ngl ORaC r. -5-
égggggghl&ggt?%i$%%%06 TH%bQ%%cgngﬁgtggnﬁg?hcyc oéﬂatrlnzgﬁﬁgﬁ
secon'élf a6LiveofFomsy Peodriebh Bavubesbahyean pootdnto ARk theandtio of

act i vegho1Cy ChradeXidnde Fivube @@tmsnsé@eﬂa Bo90tibrety 10 Herydien

tenperature of the second solution may be between about 4C and 75C. In
one efBBHFMERC 8% HE Wrocess the reaction vessel is sealed and the
active i s added mnthout aopenj ng t he reactlon vessel . The reaction vessel
may al so be preddudifed meRE Pf oRhGcBERFEREy the Fieaahiiiqy atesveh

val uej 8f sahova adldespheldive 2Hosddd@0Ripabut! BpaRaide it Thadi Feiby of
second , solution,is stirred, at a first, tepperature for a

t he proces t
e T A L U RE R A VRS e UL Uit S

progresatveby vewsedd ntaydm presoueisglsequaniallerpesfatabeds  and the
| oner e erature of 04§11 ond. solution is rmaintained while the
r

seconﬁg@8ﬁﬁ ForS £O%% %%%Tds cont ent |ncreaS|ng agent is
preferably at |ea f o] f f|e starch,
and may be addegl &nd ncer]ga%e %e so gngia%tg hg:hseconcao%%l ution
to ab@glumonol@ss;temﬂ 3y a\/efmtotempersbum cfwr artfd s34 i dsnaiont ent

~of tNBrSeeRRd SHUAR I FARVEEI AL ¥obEnd ae&ﬁ%&%ﬂ%f%of LA1g_gum

cacia in an anount about to 20 percent e solutlon_'
and tﬁéoﬂé‘ﬁ‘ﬁ?ﬁi"ﬁéysé{qvt%re%d?ﬁe‘ﬂ'ﬁe|%€r’§a§édSB§"S§6@| a?eamﬁrtaW%- 60

perce@ﬁdbﬁhaeu@b:tere@‘ ﬂéh@:éﬂtbhﬁi‘@fb@ftﬁeﬁﬁéb@ﬂaxbbll@ltﬂ%ﬂ ng a dextrose -
equi val ent _,of be% 2N bout he actiye n%%ibe one or nore.

pharnﬁ%éﬂFP&&Fg OU e 2088%Pur 188 281 LYE T

The solids content increasing agent'is preferably at
least one of gum acacia, maltodextrin, or modified starch, and
may be added to increase the solids content of the second

' golution to about 30 to 55 percent by weight of the solution.
The solids content of the second solution may conveniently be
increased by adding gum acacia in an amount of about 5 to 20
percent by weight of the solution and the remaining solids
content increased by adding a about 40 to 60 percent by weight
‘of the sclution of a maltodextrin having a dextrose equivalent
of between about 5 and 10.

The.active may‘be'one or more pharmaceuticéls,
perfumes, or flavbr components. Preferably, the flavor
component can be dimethylésulfide, methyl mercaptan,
acetaldehyde, 2-methyl-3-furanthiol, diacetyl, flavors .
produced by pyrolysis, brémixtures thereof.

The invention afso relates to cyclodextrin :inclusion
complexes prepared according to the process of the invention.
The cyclodextrin inclusion complex may contain between about 1
and 20 percent by weight of the complex,'and.conveniently‘is
above 15 percent by weight of complex. As noted above, the
active in the cyclodextrin inclusion complex may be one or .

more flavors, perfumes, or pharmaceuticals.. -
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- | LY 2006
- perfunmes, or flavor conponents. Preferably, the flavor c%%gg%ent can be

di met hyl sul fide, nethyl nmercaptan, acetal dehyde, 2-nethyl-3-furanthiol,
di acetyl, flavors produced by pyrolysis, or m xtures thereof. The
- -invention also relates to cyclodextrin inclusion conplexes prepared

accor FHFER PHHRIADEX OB 1 THRPRAVENGSon. The cycl odextrin incl usi on

conpl ex may contain between about 1 and 20 percent by weight of the
conpl ex, and cormfientéqd fsatabeweofs ther dantertyiowi gt oé& conplex. As .
not ed t lye_ Lh:Lhe gy dextnin 4 ncl usi on, conpl ex_nay .be one
or nore Iéﬁ%%gﬁﬁﬁﬁf%n%é?l%g Bgaghgcgéﬁ%%ﬂﬁﬁg- ﬁﬂg%?ﬁggﬁﬁﬁglﬁﬁﬁﬁg
DESCREPH @NgOReRHE DRAMNGS Preferred features of the invention can' be
understood froma review of the follow ng detailed description and
figures, wherei Fidtiggirk isi 8 gchenamdc drmrmawmingbfa areaacionnveesedl
for pr ri Gl LB £} € rdi e t_ I tion;
i gur & Br P AL oBeREPRRCEORpREhE ARG 06 CSRE! prLRkEt

pr esedtivienfdsriion for conplexing tomato flavor with cyclodextrins with
the efficiency of several other methods of conplexing or encapsul ating

tomato flavor; HigRFe 3 i§ 8 graph Fepragdmd righe el fieigngyopfathe

t eChnEﬁ@Jce%%f ANivKe NeRetehhat nteRPABRd fihe Bi1dyied tORBRES. £1abbgken,
and shr.i flavors conppl exed mnhh c¥%Lodextr|n according to the process
of th&iFe&Halq 1% With FhEsETIACERY SHeaprtesrkdByeEonvent i onal

spr ay mdithddy Jdif gtongpYekngd graphcepplas@ilddnGdet 6 esldtSrof a
~technical screening panel that conpared the quality of tomato flavor
~conpl exed wi th Bichadex3ris acgoaghngeporeidem tpimor eislse of estihespo€sant

_i nventi | t V. n ul vent{ onal spray. .drying |
: (';s a %ﬁhcﬁ%ﬁ%%ﬁégggééiégggééeg Fggg-6%%%%1%%%ﬁ%%gﬁg?%%l%ﬁeoieéaﬁ?gcbf a
- t echnicddicksav.eaichglpaimp -£havorenpampd epdesl Uil tgyotoddkekén flavor '
conpl gxed Mitdly sl eleXbFbBe86C0FILRG Lot PraFeSSt fbn W iENPERSER
i nvention wth chicken Tlavor encapsul ated by ]
flavors encapsulated by conventional spray drying;

Figure 4 is a graph representing the results of a
technical screening panel that compared the quality of tomato
flavor,complexed_with cyclodextrin according to the process of -
the present invention with tomato flavors encapsulated by

conventional spray drying as a function of time;

Figure 5 is a graph representing the results of a
" technical screening panel that compared the quality of chicken
flavor complexed with cyclodextrin according to Ehe'process of
'Qw the present invention with chicken flavor encapsulated by
conventional spray drying as a function of time; -

Figure 6 is a graph representing the results of a
technical écfeéning panel that compared the quality of shrimp
flavor complexed with cyclodextrin according to the process of
the present invention with shrimp flavor encapsulated by
conventional spray_drying%as'a function of time; and

Figure 7 is a graph representing a comparison of the
stability of tomato, chicken, and shrimp flavors complexed

with cyclodextrin accordiﬁg to the process of the present

invention with those flavors encapsulated by conventional
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:.Conventional spray drying as a function of tine; Figure 61@9@p£¥&896

-

representing the results of a technical screening panel that conpared
the quality of shrinp flavor conplexed with cyclodextrin according to
-the process of the Eresent invention with shrinmp flavor encapsul ated by

convesEreYald Bty dEYyeHgSherageuntt RonCoPnt 4P C amd Rieg@tdVRi's a graph

represeplidid v SONPRIhsPReRE . the stability of tomato, chicken, and
shrinmp flavors conplexed wth cyclodextrin according to the process of
the present invention with those flavors encapsul ated by conventi onal
-7- DCI-227305.1 13 JULY 2006 spray drying after storage at 25C or 40C

and r ¢t s ek I ¥TobNS8r Pefiee BREFRRIMT- EHSSGTd ON OF THE .
PREFERRED EMBODI MENTS The present invention is dlrected at a process for

conpl exi ng acti v 1 1.h h [o f the [ese
i nvention |ncreé§%%w%%%sé |£ﬁ§ncy 0 %g%g%: For %EP%%%? goﬁigher
per cemagd eafindeacitivee withecpvérddxagims cydﬂ‘]mj@cmwess nef ushen-

conpl [ [ [ t r t he
conp| Srestift AR 20 Endtplocl EAE ST AN CE He MeatEET P oh

accor gionghas tawéugiv/%ﬁtnb@ncenhegadpﬁgtb@t amxmer s eitEQ'inefd!@v@Bsa .
per f uRBR1 R PhaE MBceUL L §8h ScodPeR! 0CESR '1§1vé%ﬁf£d>r9uid€rﬂ’scﬁu' table in

connecfion with actives that are flavors and SCr |
predo lmcaeyi.#t%% BBRTRRE . Preduredt byh &b ewr ket i eppviRveFesehat

this is done for licity of description and the ess | s not
limted to thi % n‘?E?aY?o an Rgef GPMR F'P‘\ﬁr.bs ﬁ*ﬁp XY¥43 for this

‘;invenhb@mrdXﬂgkﬁbf@W@dlhﬁehtfbnpaiﬁﬁﬁuﬂ£ﬁ§LHﬁﬁznd&KiIMKﬁéﬁﬂt@f ‘which is

Xpre i ncor por at ed_herein ref erence.theref,0. The process of the
invenﬁ@%’orﬁg\/ol es AT hg? i B@%F%S%P S g%ﬁe}?ﬁo? °% tRaction

vessepardaddivigay smitab1e01nheonyebod@ntMmthuﬁqnivnsvthitsarering and

Wi t hoyt ., .openi tmfeﬁéeaew@ggg YeE m%aaégisgfim A t&gn%s&ure

stir for an approprlate anmount o nperature
to fodi dF MR:IQ%lW%W%ﬁdbeb%éﬁeﬂfhethat this is done for

simplicity of description and the process is not limited to

this application.

Useful actives and cyclodextrins for this invention
. can be found in U.8. patent 5,571,782, the content of which is

expressly incorporated herein by reference thereto.

The process of the invention involves adding a
cyclodextrin to a solvent in a reaction vessel, adding an

~active to the cyclodextrin solution with stirring and without

Qw opening the sealed reaction vessel, and allowing the mixture

to stir for an appropriate amount of time and at a sufficient
temperature to form an inclusion couplex bétween the
cyclodextrin and the active. A solids content increasing -
agent is then added to the solution to increase the solids
content of the solution and the solution is spray dried to

recover the cyclodextrin—qctive inclusion complex as a dry

powder.

The reaction vessel may be sealed or unsealed.
Preferably the reaction vessel is sealed to avoid the loss of

any volatile components.
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-cyclodextrin and the active. A solids content increasing lggen¥‘ 9gen
added to the solution to increase the solids content of the solutlon and
the solution is spray dried to recover the cycl odextrin-active inclusion

-conplex as a dry %ghg The reaction vessel may be seal.ed or uynseal ed.
Preferably the tE'f 4R SHREFRE SLAFERIAFI NG, FIE AT HRE gpsedny
vol at i he 1eaipeN &its notd- lﬁﬁtecﬂﬂéﬂ&nil&&déb&lt\flw@rﬁlﬁ@m dé&lzt eepkent

[ ' t b d t t ,

Tl oGRS N Fa S oset LR L VT oHB e dih a5t 19 SOl tieeReEme10, 15
and ZﬁoaﬁfledEm@ﬂnﬁﬁsi?hdeﬁhsé?rshes¢h33|dmnmjeﬁampﬂﬁﬁst%ﬁthegagplet d
t i orite_or peri, anm no_ ac substitute

io?LCSF&%§ 5@ q%ﬁ?%h ?r%?%d%¥epegéPd % Sd- SR A% Qorn starch,
anyl asab@ﬁntuuedzexbmrsta;rcah cheravat ivesn {foar (Elxamp/]aé,erpézyladaaehe_d to
pheny Blamine SIeoniiRlon, Ahgpsaceharidssliomalahaaniase,gadi {1 ed

starches o corn, waxy Co sava,
and Eorat@taamﬁempwakﬂntkweatmeehed soapbhnﬁa@ﬁnﬂnﬂIgﬁygoémmne);

exanp r agaagahrg
arraégeﬁ%%gz §h§¥%%2¢%§ﬁ l ex%n%?ggé Eﬁg%' er ey, and soy).
Pr ef ewhigiay tW@kﬂﬂu(ﬁ#QﬁMﬂQﬁN PHRE2asi AGTNagMAXY (PP Ge3eawa, and
mal t ogexbitid), d&@ﬂ#ﬁhc@@ﬁét‘:é‘%r@éte&‘ sLuRRS; tHW:%EofP&P&Q' goko the

i nvention, _any cyclodexirin that forns a conplexXx with the active can be
used. STPPRLAL| PUhACASAR o IR HAR | sTATa- 161‘3”(931 Rsan. c'il’éill%l‘éﬁflfihm Any
'sol ;/eahdd@&&klﬂ% : )thaéndilﬁﬁ@tdﬂﬁst heoey ehagfpl e tef | n?llm}/pcy@aert,he |
~preferred sol v IS sl vent c et hano i sopr opy
(Bl Conbhety 36 AR | FrHEeRRbLY %pﬁearl?v SNt TISErIehtSi s used
It 1 sageded Um\gnMHaaanﬂm,ammhmmdektabnutmdﬁxﬁléarﬂﬂxxxﬁnsTher '

‘conce dextrin in the solution is preferably between abbut
5 per@é&?ht 8ﬁg%%%gﬁt by wei ght and preferably between about 15

ggrfﬁgtcagfiogg BRIGSAI Ay V8 Gt - inbbntonllOWRNP oy AbadiesRAE akat Al
xtrin
fo?%s a complex with the active can be used. Typically the

cyclodextrin is an a- or B- or y-cyclodextrin. Any solvent
can be used that dissolves the cyclodextrin, howevef; the
preferred solvent is water. A co-solvent, such as ethanol or
isopropyl aldohbl may be added to the water. Typically, when -
a cosolvent is used it is added to water in an amount of about

1 or 2 percent.

| The condéntrétibn of cyclodextrin in the solution is
._(: preferably between'about 5 percent to 40 percent.by-weight and -
preferably between about 15 percent and 20 percent by weight.
it is, hbWeVer; not necessary that all of the cyclodextrin be
dissolved when it is.added to Ehe solvent. It is satisfactory
for an equilibrium to be established between dissolved and
undissolved cyclodextrih.. In general, the concentration of
cyclodextriﬁ in solution %ncreases with increasing

temperature.

The mixture is typically stirred at a rate of
between about 300 rpm'and 1500 rpm, preferably 300 to 500 rpm.
The higher the agitation rate the faster the rate of formation
of the cyclodextrin-éctive inclusion complex. The stirring
rate, however, cannot be so high as to create sufficient shear
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di ssolved when it is added to the solvent. It is satisfac%%#}ng or an

equilibriumto be established between dissolved and undi ssol ved

cyclodextrin. In general, the concentration of cyclodextrin in solution
increases Wi t.h increasing tenperature. The m xture is typically stirred
at a rt@ orgakdrerneehe agpalodeptirpm ged emsies pm Thies ekl §taoTing 500

rom  che higheratbe 281 habhohs' abesita  asltHoddeadriging £acmation of
the cycl odextrin-active inclusion conplex. The stirring Tate, however,
cannotCYsel e i 8ol gCeLl8site sufficient shear -9- DCI'-227705.1 13 JULY
2006 to breakdown the cycl odextrin | ecules. Thus, the stirring, rate
shoul d be as hidﬁh%saﬁngﬁbFE WPERG) QigniﬂQR)qmﬁa5%&%¥%@e§9ipglon

ol ecyeseydihniaet R, | SPraFeeduted tihrt addierstid r gk sedutéantooh
cyclodextr%d} Preferabl¥ thi active is introduced to a ,seal ed reaction
vesselSSRIHOIEBPEHPRgVERESE e YA ENEH T EBER 10T (:%h%r’é??‘f/t’tﬂ’é ¥EPRFE i s
pﬁrrp?ld;ei:mmd]ulqe tleacsotiva psrpuhped dimtcaﬁzlfaa _lsmaxt&@fl ﬁﬂ'dptﬁbé Fioes of
t he avor_del | very.syste re,rinse i vent . en_the active is
ndded O 28 SAYRIHSNTARY 5REr A0 hRRy St HLAVRE ieghbterYonvanerht | on
possi dme WPneded ablyh sbkvenhcenWheni ameofacttivereis nadded ssl ation is.

-greate o%M%éo%??{%ﬁé%e?%r%h?hgdﬁgg i ]?ﬁhemr?ifﬁ%% Yo SSPlgEaE?%”n 80

percen

y. wel g_ e active 1S a a_vor rererre solvéent s
for tieedsidds. arBreferabiyvedthef cxagepitiratidmeet i act bvewanetheThe

‘conce ' - afbi ' Nt pi tyd | Lt i .s detern ned
VRS ofs JFLLLE:PERTSoL DR o) gt i hgg OcLS

“Typic

s

by the avor desired in the fina - necessary

concerttef AP Y FEERVeri AheRe 8P REF CEStUMNDWHGRE r edliRe) bhedecsdviened
by one nfa oFxiver Ve BKi breEariba ablvirds foutine EXResnNBpbablion. - :
Dored et asee Potutel Tt S T e el el 1S o veen
nol e active gbresénveinhothgckedaitiing isoldtel oresis tdegesoineédobyl £he -
eV A Gy 800 0 RO AO0 ol S allaegneabout 0,011
necessary concentration of active in the final solution can
- readily be determined by one of ordinary skill in the art with-
routine experimentation. Typically, the. flavor load of the
activé in the final product is between 1 and 20 percent,
preferably between 2 and 10 percent. Generally, the mole:
ratio of active to cyclodextrin in the resulting solution is
between about 0.001:1 and about 100:1, preferably, between
about 0.01:1'and 10:1, and more preferably between about 0.2:1

and 1:5.

The temperature of the solution is generally between
about 45C and 75°, preferably between about 10°C and 40°C, and
more preferably between about 12°C and 30°C. The time for =
forming the cbmplex is typically between 15 minutes and about
24 hours, preferably.betw&en 1 hour and 10 hours. In general
the higher the temperature the shorter the reaction time.
Without wishing to be bound by theory it is believed ‘that the
shorter reaction times at higher temperatures is due to more
of the cyclodextrin being dissolved in the solvent at higher

temperatures. Typical reaction times are 4 hours at 25°C.

In another embodiment of the invention complexation

can be initiated with stirring at a high temperature followed
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-The tenperature of the solutibn I's general ly between abodﬁ5J@1§ﬁ@Oﬂ§

pref erably between about 10C and 40C, and nore preferably between about
12C and 30C. The tine for formng the conplex is typically between 15

*m nutes and about 24 hours, preferably. between 1 hour and 10 hours. In

~conplexation can be initiate

gener &y RuRITEgREYelVelPREing: (e HarRSIREEFes he ABRETTEALE Wave,
VVthO%héMﬁﬁEﬂ@ﬁl? P@uﬁ@UEﬁaEyfb@ﬁyﬂidﬁ dis @ﬁé'fﬂ@ﬁuéﬂéﬁ Eﬁﬁprﬂ%nfé”

reaction tines at” higher tenperatures is due to nore he Cycl odextrin
bei ng WS i hicci ant huhes| %‘ﬁt CeMpRrGtarre t%ﬁp@%t%@%ﬁtl%pﬂ§al"arréﬁ‘i-l on

ti mes pyy@naft oW §£ aEhe5Ench 05300t kAo dk iR Nbe Orﬁoiaeef PYBRER®N when
stlrrlng at a 8 ?tenperature
e

f ol | ovdte: Cﬁnp%ﬁﬁa'???‘?%sl14}3t}8ll:?|2120@631'by5rp¥3651‘%%s? yAL8Rering the

t enpernainpgasat fee! f6aDbwelaye, pm@&mmﬁi Iowas toabefatiRbisQn Gt he
I ncl usi on %_nplex IS nore e f E@#ﬂﬂhen t ete erature of .t he solution
i s varteFPLg- ?%%Imbﬁtﬁretﬂéﬂ XCR3 aBE ABrEALAPAC TSGR Tahen

t he complexat i DhHe csfohlbwaﬁeﬂyvxﬂt hcﬁfrsr ratnz Bt C aahd ghot Ropesakr a1eC.

foll db I t

oy Deher PnadkSERLYRhY e BAOE WATRRI M. E0Ty SXEIBLE-HHC BN

hoursuhe:Eﬂfrmmbﬂ@yhoﬁrsnaﬁusicn-AmmplﬁxuEprmw91ansmaunbgpentmw@sed

di scovgr gﬂl *Pﬁcéi‘@ne{rébgla%“&\é a1 RG] 4 %61[&%&8 %PEQEG‘E‘%O“ may be
f unde

i ncredse e reaction vessel. i s nalntaine a positive
pressREsSHHISS; | Ahwde éﬁb@éﬁn@ﬁbQﬂimﬁﬂ§|¢®éﬁb$ohnvﬁ@tlbnrﬁh§|on of the

| nCl USH 9RO %fteﬁéslﬁhgaala&d%nm%ﬁ 'ti’@ke@rﬁﬁéééeun&ré‘é BbgAUR, Can

‘be increased to QBK val ue, however pressure 1s typlca Yy above

at s FRESTULMd UPDE GPTEESHEGH C2R ?@odtnqw%t%anwavy Ueppr e

pr ef enaflavdp, t Ohe ﬁb@ﬁbui‘@OJ.BSItyﬁ:ﬁc&lll@F )abéwﬁ@r@aﬁbﬁghébﬁcpaﬁaw@ﬁ to
“durin %ngﬁtexatlgn # pﬁ tICU| beqef|C|aI g lactlv S
vol atlg‘ﬂ 2% h2PPOF nk ngl usi B ToRpFeRERRY c BRpl &e t he

totalahﬁutkim@qpent(GtBtherﬂesuﬂnqq;aﬁlngythe prassemsedutrdngbout 30 to
99 pesc%ggjmtéwamghis gs%%a%m%ﬁbé&éfcfﬂ C@ﬂénbyhgeagémy ;@dding a

solid ent 1 ncreastng ., um acaci extr

nodi fived-ateddkg i ns, or

Once the formation of ﬁhe inclusion complex is
complete the total solids content of the resulting slurry is
increased to about 30 to S5 percent by weight, preferably 35
to 41 percent by weight by adding a solids content increasing
agent, i.e., gum acacia, maltodextrin, modified dextrins, ot--

-mixtures therecf. Preferably, gum acacia is added in an
amount between about 5 to 20 percent by weight, preferably
~about 7 to 15 percent by weight, and more preferably about 8
to 10 percent by weight'and the remaining solids content is
made up with maltodextrin having a. dextrose equivalent (DE) of
~between about 5 aﬁdilo. The maltodextrin is added in an-:
amount of between about 30-80% by weight, preferably 40-60% by
weight. The resulting mixture is then dried preferably by |
u51ng conventional spray drylng techniques that are well known
to those of ordinary skill in the art.

The dried cyclodextrin complexes produced according
to the process of the present invention have a higher percent
of active complexed with the cyclodextrin than if the
cyclodextrin complex was prepared by traditional methods such
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~tefficienc u perc

m xtures thereof. Preferably, gumacacia is added in an 1 en
-about 5 to 20 percent by weight, preferably about 7 to 1353ﬂ3@éa?b@§

wei ght, and nore preferably about 8 to 10 percent by weight and the
" remmining solids content is nmade up with nmaltodextrin having a dextrose
“equi val ent. . Of et wee out .5 and 10.. The mal fodextrin i dded in
an aﬁﬁ%nf1%%E%éPﬁe5ﬁea688?°§%¥§6&Fbfﬂﬁﬁ%ﬁﬁ?nmﬁ%ﬁ%i%ﬁ| 0858%?%y
wei ghtdryiiwegr esuvacagmrideying ithet el wratesl, prefspedy ydbyingsang
conventipnal spray. dryin Lques that_are well, known . to. those of
ora net 9P eR pRP PR plle SR LL BRI I ng o BEE e SR Do Y, Sicea
accor didditiont bé phecesdidf crhatpmdsdntcrensimyg agdayeofi. gughecamdagent
of actjyv d w . ( rin.t ' odextrin
corpl A FEESEREEER, MEbilass, BECCIIHE O Bk ed e fABEOOTNE T 15
JULY 2906ibarlylt ehiengrokessyoifotde mresent usivencmp| exmphdxkbseaz e
dryin yi e bl ryi splution of the
Cyel o B B B P o Thar i 1 iR e 2hE k0 | ds
cont erkradit baBphgSRyent dsviggnPresass thal tdiaet i mveduef fegmdag rins,
or m xt4kesatRereal incPullibar bbmphlesdld A88s SndfeiCaPESSBE! haY @b Q%
conpl exXes a S|gn|f|ca%tly hi gher percentage of dctiyve conpared to
t r adi t9®nhe spREF 28Ry Phg OBr § §Pﬁﬁiﬂt%ﬁ)qhﬁ 3RV el of e ngores of a
cyc:c 00[%11;& rlpéaﬁﬁlid&éolﬁu&ﬁﬁﬁbﬁ)g&m lawadﬁa,elryhamzb@r%ﬂﬂﬁ agt 1n¢gifql&d_t .hle
surface of por encgpsul.ates t acti.ve in the pores, of.a .solid.particle
suchaaefﬁﬁﬁﬁﬁaciigenéPFgﬁgfﬁ iﬁgﬁﬁgﬁﬁﬂﬁxi%ﬁtpa%ﬁ&f?*%§1yTﬁ¥lPﬁ@Feased
ef fi civinesry tlsepactivel dsl yodatddet. \van dxdmenpld | whes vheattckdveFdrs _
~exanpl t Lve. I i ' pl (ying has an
g B SE Evelead BERRY, i thdd B S PRE BB EEY
incl ustmly zorpkeR BRrRSUE §oM SPa@va, drwEing dexey¢hodenerihednddusdiiors,
or m Xéétﬁﬁfeihsie%uhaguﬁna_eatzlial,ewsﬁd@,apﬂn,33n&&if§@a-deéesr%%l,ng to

t he process of the preSent inventiaqn,, however, ~wherein the cyclodextrin
i ncl usPrMEBEPTES FEeTFPAy hasi 88 FiH CIRIMACE| 2Powal 3 BdRREFRRLE -modi fi ed
dextrimscopdifixtor ehe pherest bife teld ipfenay ofntder PSR EROwRT RSt t er
than 73 PEISePhe LDU30abRErRNOGERY Ui I & RESPEN s & "YSPLL OB 5 830YS

gum acacia, maltodextrin, modified dextrins, or mixtures

_thereof the efficiency of the process is better than 75
percent. Thus, the process of the present invention recovers
more of the active in the form of an inclusion complex
compared tb other methods of encapsulating actives and results

in less of the active being lost.

e Without wishing{to be bound by ﬁheory it is believed
| that the increased'effici¢ncy is the result of a second
coating of gum.acécia, maitodextrin, modified dextrins, or
mixtures thereof forming on the cycledextrin-active inclusion
complex. The increased efficiency may also be partly due to.

free active, i.e., active not complexed with cyclodextrin,

being adsorbed onto the surface of or encapsulated in the
pores of the gum acacia, maltodextrin, modified dextrins, or

mixtures thereof.

As a result of the improved efficiency less active
is required at the start of the process to prepare a final
cyclodextrin inclusion coﬁplex having a specified amount of

flavor complexed.therein.s Similarly, for a given starting
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‘nore - of the active in the formof an inclusion conplex conpared to other

nmet hods of encapsul ating actives and results in less of the active being
lost. Wthout wishing to be bound by theory it is believed that the

'incregéﬁgl figi S Jhe Jresid W
mal t odext rll%% dj?mgl Xﬁ g%t IPI % Q;fmq:x}t?%res th ereoéipg%'?o?néﬁg onQi B
cyclodhX¥Y¢hO@%¥FVén|n@pé§ﬁ@@ntﬁﬂﬁﬂ Qhﬁﬁ|%@$e®sbu9b¢rlpﬁeﬁéwtn§¢ al so

be parédefuﬁé'ecéﬁplékee %@ﬁa‘r\é%.’n 'ccﬁnpaﬁé‘ci 'E’c? Mef%ﬂ%@éggey bl

cycl odextrin, elng dsor bed .ontothe surface of “or encapsulated |n the
por es FEICRHE RANFHEAORLXtAEN JASIUSIOD RRTPIeextAs nd, T8FULE @fures -

t her eqfhe ABné@régsulit apbul® o ratad-efid Qil?é‘ci/néﬁé§1éﬁttééﬁplé§: ne@y red
at the start of t roces t,o prep re a final cyclodextrin inclusion

conpl & et 3 p@gFFF afsuResored QA Rpd kel thEpetn, such
Si m | aid Yprd@icdngl ¥anagbat ity & BefUNd . @2 7308] dvd3 :JlULé( 200@ amount of

active _the process resent invention produce dextrin
i ncl usitor® i#ﬁﬁ%ﬁsFaaF%Eé§%§nﬁpbﬁ@@ﬂﬁa i% %E?Fv% é ﬁEﬁé@gtherein
conpamytlmﬁe&heinpincéasesnotqmpmﬁx|xq;sigﬁii&mﬁmtnylﬂeﬂu&ednsuch.. :
conpl mount _of active i.n,the
|ngPu§?b§:89%% ess ob%% %%f EYel%“%e%a%ﬁeFSIﬁééx a given

-effecug?sUthahs produ0|ng an arona i'n a perfune or a flavor in a food.
This increased efficiency neans that the cost of producing cyclodextrin
i ncl usi on conpl eXhespzipgrissi edntihe msmAsnE sirventbon ihepprédesd aydqones

cost %J&%my@afnéorce?ep%ewé Ycthhald 18Rl acdGe P’ OREESaLE LR Jiasent

f+nvent|on IS articula econon cal for expensi ve actives or actlves
t'hat M%‘r% | ghe %Pé@\?ér oft kb RFERIN b 1R TR bieBefini ReelEtth tan be |
used tfprd M BAciuslius eBmeARH &6 M tdhlqmay @pé@ﬂﬁiél Sokpbpenentofofa a

fl it f t th d bl endi th
eoul R PoripT oo DReK IR A Ben ok G o 2B FRctPOApaeM i on.
Pr ef erdldindindnet Bperebiud téogp ooamtl exs lmck/o).rmhl ehewpheentou@mﬁsl avor
or ar Q/p tCtPém@érhf,bQEt%na PQUTRANERY1 f halnd So5ubl £EL E8nfBHEALALIOR ON

exposure to alr
volatile component of the flavor or aroma composition or a -
component that is subject to degradation on exposure to air,

iight, oxygen, or other compounds.

Amdng fia#or components, the process of the
invention is particularly useful for forming cyclodextrin
complexes. with dimethyl sulfide, methyl mercaptan,
acetaldehyde, 2-methyl-3-furanthiol, and diacetyl. Similarly,
;ﬂﬂ the process of the present invention is particularly useful to
| form cyclddextrin complexes with pyrolyzed flavors. Pyrolyzed
flavors are free fatty acids that are pyrolyzed at a high
temperature and provide a grilled or fatty note to foods. A '
problem with pyrolyzed flavors is that they are unstable in
the presence of hydrolyzed plant proteins, however, if the
pyrolyzed flavors are complexed in a cyclodextrin inclusion
complex their stability i? the presence of hydrolyzed plant
proteins is improved significantly.

By flavor component is meant any compound or mixture
of compounds that contribute to the overall flavor perception.
Flavor components include, but are not limited to, those
listed in the 21 FEMA GRAS list, the Codex Alimentarius list,
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I'ight., oxygen, or other conmpounds. Anong fl avor conponents ;"%%A%rocess

of the invention is particularly useful for form ng cycl odextrin
_conplexes wi th dinmethyl sulfide, nethyl nercaptan acet al dehyde,

2-meth 3-f ra thi ol . .and_di aget. Iar t he proc of the
presen .%QEﬁ? gﬁr:§eBéﬁgﬂghkb%ﬁ'¥ﬂ§§fdp] ¥%+ﬁ?§yc$638§?%FRSCOanexes
- with pflavgzeenhbavers., Bydboloeed iMd avors are free fatty acids that are

pyrolyzed at a high tenperature and provide a grilled or fatty note to
foods. A probl efhei thveyntdloyrdd fdlmmrdirectedtat haycamposistian e i n

the Presefted apudraikesd Pl dUGlSd NSesAYBYET apblel NeqpRYr ol yzed.

flavor e conpl exe a cyc In 1rnclusron conpl ex Ir
st abi |¢cmyp¢$|1t:ﬁaenpces1@nraee@f amedrat yeere phahivesr bnedt npowderegr dsan

Sioni IEARLLY- aBY1CLR0L GUERARENIoF S B AL B0 £0NDG HgﬂegedME%e of

conpou at contrlbute to the overa avor perception Flavor
corrpom%oqi%taae apg: thee qyeladenteintbds ¢pated vishegumnaghkeiz, FEMA

GRAS |d1§1toc§$'ﬁt§9..ﬁexméld':l.'f&'é@rs'tlé&éﬂ Slor -iBrrilbés - @ﬁZ§Qéf1f ll%héULY 2006

or any other reliab g i shed list, spices, oleoresins
enhancae%lventaaﬁfh&e Pké T nPEREWBIE | PBAEBRAEREEFRY, aftnd E8fpd<dikg on
prepared accordln to the nethaqd scri bed above. The gp05|t|on
conprises one or THEr 8C&EEV EYRAT %66W33Weﬁl?%?n?eﬁﬁﬁ?ﬁlﬁ Bt dagn

porti oxo qﬁefd:enacbyve:eugha;omﬂ wted aotiplexycandexfren gpdatbe than

cyclogfgi C mnth gum acacia, nmaltodextrin, nodified starch,
T e Et%%?egﬁ%Pi active may be a flavor, perfune

/pharmaceuti cal , apd tloggitgqh gﬁﬁé%e %%p5 a{ﬁ& ﬁ §e§n E&%? han

-about 1 and 20 perce en grea

15% ofsheje Ehappane fﬂé“@ﬁﬂﬁﬁ%@ﬁﬂﬁrﬁﬁﬁnﬁﬁ%he%lef @ﬁeobhegent i nvention
show tdea 15tauok1aebease and stability as other - encapsul ated ,
“flavors. MPLES The invention is further defined by reference to the
foll owi ng exanpl es describing in deta|I the met hods of. the

'The invention is further defined by reference to the
following examples describing in detail the methods of the
preseht invention. The examples are representative, and
should not be construed to limit the scope of the invention in

any way.

Complexes of flavor systems having a beef flavor:

(BEEF FLAVOR 1.123.20, commercially available from FIS USA of

a Solon, OH), chicken flavor (CHICKEN FLAVOR 2.01.03,

‘ commercially available from FIS USA of Solon, OH), grilled
flavor (GRILLED FLAVOR 4.24.20, commercially available from
FIS USA of Solon, OH), shrimp flavor (SHRIMP FLAVOR-5;58;21,
commercially available from FIS USA of Solon, OH}, pyrolyzed
flavor (FLAVOR 8251-0, commercially available from FIS USA of
Solon, OH) and a tomato flavor (TOMATO BOOSTER 008 7.70.28,
commercially available from FIS USA of Solon, OH) were
complexed with B-cyclodextrin according to the process
described below.

. Complexes were formed in a 4-liter reactor vessel
that had an agitator andikemperature;control.. The reactor
vessel is depicted in Figure 1. The: agitation speed was set
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present invention. The exanples are representative, and ghouipy2006¢e
construed to limt the scope of the invention in any way. Conpl exes of
flavor systens having a beef flavor (BEEF FLAVOR 1.123.20, comercially
avai l able fromFI'S USA of Solon, OH), chicken fI avor (CHI CKEN FLAVOR

"2.01. 03 rcia avallalefrqmFISUSA rilled
f1 avord% d‘\’:fcq_{n%j‘?LA 3tex 96, acdmtersAlAbiPhRE S[gb?léc+?€ﬁ?‘t 8 USA of

Sol on, (Cﬁ-{}ltﬁdﬂﬂﬂmp d‘dﬂﬁmrczl.(aﬂHR}' NPy PYVER: 5£58m2 Cereedarersf aldwymand) | abl e

fromE USA Sol d Ia o OR 825

Lo T, 15 et P o b cPietl Kashs gt (SR EZRIED. vesped oy
(TO\/NPOIEIBT&E:E&@OBO& 39 . 28¢compommeiec zﬂ]]ayvcma:nf abl #olvndohl SEUSA of
Sol on

desor PRiRaty EMIpEchaVabd ROrRERT e CE) Dekiah bl B e

had amfagihatf)kam:d. Weapehanuparrwldt rdgito Tie rezatoor vessell .i Theepi ct ed

|1 LS dindDOuSg AL e SPERSNRS APt P01 220300 Lod0, Ml 2006

at 15 rpm solution of rin vitronT' ,
commeragidl the aval ¢ nhpenpednigspe Shgr r@faqqammncﬁssq:l\l) wEbeheampd et warsC

and trc%}ﬁﬁ{ﬁﬂl*osﬁffré&aﬂzoﬁ.sb@s%ﬂm £t Mo 4 | 9801 £31§a0RAUMEd

flavor I on ound | avor, having nore_than about “30

per cert HRMERiYht250F AL ?Pa@@?“rsvﬁé: t]+i‘e°r¢ puifedc Rt goTRECEd08; GF

vesselghel %a@@ﬁ@lﬂﬁé behUeag rehetbravess ks wa@S@ﬁemahaﬁQOt@ﬂe of water
nt o t e reaction vessel The

and the
cont i fﬁgd"%tt‘:}%oﬁ PpiYs 8851 Waﬁe%S@fif%&gd 55153%rs at
25C anibridd Bpm&dhﬁg 14 €1 03t guke acaryilaet (SBRIf GUMECT eeommemc&halgeal ed

- t t t ds |
T nor edbaf e o fPaRELoRRds! Rl nu s SRl 8 mE S UIEEE "By
C, coramt dikz |lyemmﬂamﬂbmlidﬁm:g@ltlemtde@s\maﬂeelm wm;h MalBpidegewdter

NJ) A i d ey=To! dextrin 5-10
e (VLT e B o S, Ry ERRAC PR | o

The r dMBAIRHNS u¥q>vah/asT§9r a?saultéal%sﬁlr\gr:tmrﬁ%m dzpegy u&rly’ﬁhg
techniggiBfentional spray drying techniques. :
The amount of flavor component in the inclusion-

complex was determined using headspace gas chromatographic .
{GC) analysis with a PE8500 gas chromatograph (COmmerCially
available from Perkin Elmer of Norwalk, CT) equipped with a
flame ionization detector. The amount of flavor component was
determined based on the peak response of key marker molecules
for each flavor. External standards were used to establish

'4\ .retention times for marker molecules.
a

The following analytical procedure was followed to
determine the amount of flavor component in .each sample:
Samples for analysis were prepared by dissolving 100 mg of the
inclusion complex or 25 mg of the inclusion complex formed
from tomato flavor in 1 wL of water in a 20 mL air tight vial.
The samples were.placed in a PE101 Auto-sampler (commercially
available from Perkin Elmer of Norwalk, CT) and heated to
8o°C. 2 uL of static headspace samples was injected onto a 75
m x 0.53 mm x 3-micron J&W DB624 column (commercially
available from J&W Scientific Co. of Folsom, CA). : The
following chromatographic conditions were used: initial
temperature of 70°C with a hold time of 3 minutes followed by
a linear temperature gradient from 70°C to 150°C at rate of
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The -amount of flavor conponent in the inclusion conplex \%/gsnéle%{e%mﬂned

usi ng -headspace gas chromat ographic (GC) analysis with a PE8500 gas
.chromat ograph (commercially available fromPerkin El mer of Norwalk, CT)
equi p%dc%@xﬁde falx?dr%éiaﬁﬂb&@tfé?? et E%QEESTQE %@'&‘*‘E‘f@‘f&hﬁé’&“’b a
conponent "was = determn ne ased on the peak response 0 ey mark

nol ec@fesonds dinaech Hemperat ke cyhadliest afgendd SR8Ce tes @3 &°K et adl i sh

retenihea Ufrrq%ofcg*mirmm@raﬁwlﬁ@yafﬁ EBe iol howlrenal Wimat. pragedure
was followed to determne the armuncfI of flavor conponent jn each sanple:

Sanpl EStAdr XawhIhidies Wit ¢t Hriebarieds by PARES PFPRESES0 waF eofdatRrmined usi on
conpl gxigly 2% ) <t tdiei é npﬁ@%@@t@@[rpl ex formed fromtomato flavor in 1
nm. of water in a 20 nL air tight vial. The sanples were placed in a
PE101_Au n El mer of Norwal k,
CT) aad2 —=SUE FE—a = FHERHE S e 5 e ot e
onto @i¥h oObherO .M} HBAX SF MEGEHNsIRMDBG2#1aobugn (comrercially

avai l able fromJ&W Scientific Co. of Folsom CA). The follow ng

- chromat ogr aphi ¢ Toaedid i finsvaorerneasi sednpl ekkdai the BperatlddexfrifddC with a

hold tinme _aof. 3 mnuytes followed:b | .near te re gradient from
hoc 1 8ETEsding A" PSS abYcx FoLh " SRE VBT IRE, Bl B 0 hE™
hol di mgrker @ lranitesiimetHPl. $ol kideedDME) ainsebhenddIngdion enperature
radi t 1 ' .and ing for 12

?ri nut géhgggg%%o%i&%@%@r%ﬂ Itl‘%%rﬁégggé%ggmgh%? s.lg]bea%%rzgspgnses were
det er APAPATradiviey RHTROSRS rlgpmate nfbavarovasEridsp eomplexgshryisdn Bf t he

(TProceggobakhe R RMoIIMENTES nthévidgbpetea@r d%%ﬂ%@fa@@%%%

Fl avors. Tomato fl gqvor S COo exed.with (3-cyclodextrin kB accor
the pFBeEs§WledGAP& aéﬁ\}‘éﬁ]a%é‘?’ﬁ%réﬁnﬁﬁff ofotha@ddest K& IRfRATe
di met bk sulliidde ddoMEnd rbd frere nep sy odryLagn| eXonanieires ihed by _
headspace anal ysis. For . conparatijyve poses tomat o .fl avor. was al so
conpl §883%t r}?i'ecfﬁeosaeer)l&r]f%@‘é%@%é i‘ﬁ%E{“OCP ‘e’eﬁ’r% P& fRESY bed above
excepdryihgt tgohrdcasis tonh el f balexrr vasweleonencagdad ated oy esseayt he

sol | dg,GoRLERE APTRIE RPUAYa MYl a1 18aERAPEHCa0BRe. 1In this

experiment the'process described above was followed except

commerci a

t o-sanpl er
A e

sjag A Y IS0 Q. nls

y avi.(ljal f rom PerKi

ng
g 't}o_

that maltodextrin was substituted for cyclodextrin during
complexation and the resﬁl;ing slurry was spray dried.

The efficiency of the process according to the
present invention was 75 percent. The efficiency of spray
drying the cyclodextrin inclusion complex without gum acacia
-~ and maltodextrin was only 33 percent and the efffbiency_of
} encapsulation by spray drying with gum acacia and maltodextrin
alone was only 8 percent. Figure 2 provides this data '
graphically. The results show that the process of the present -
invention is much more efficient than conventionai_methbds of

encapsulating flavor components.

Examplé 2. Cbmparison of Spray Dryving B-cyclodextrin Complexes -
with Gum Acacia and Maltodextrin with Other Methods of Drying
B-cyclodextrin Inclusion Complexes. - ’ : :
For_comparative'purposes tomato flavor was complexed
with B—cyclodextrin abcording to the process described above
except that the slurry was filtered and dried in a vacuum oven
at 40°C for 12 hours and'é pressure of 30 inches of Hg or by
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 process’ of the present invention with conventional spray drying

techni ques tomato flavor was al so encapsul ated by spray drying with gum

acacia and maltodextrin alone. In this experinent the process described
“above was followed except that maltodextrin was substituted-for

cycl oBEREEENAEYANGy FIeRA Y HRY avast Aenpediineng VIRTLS - SRF ay

drledFrzageeaEye&endeaméﬁ&a4mxfe§§a§£§916rpsohova@%iéN65¥H6fInventlon
~was 75 percent. The efficiency of spray_ drying the cyclodextrin

i ncl uSREALESRpPI Y ) wi t At TEAL | YRS AFECRAR DHSREr 7 1 ré?ﬁy 33

per ceablaadihbecgt:flke@i e Ding epapsahpl E0ALby3gPA o V3 bk gum

acacia and.nmal todextrin I only 8 percent. Figure 2 provides this
data SHPLBRAGaR YACHAT 18 BRDWATRYE - RECEROEAES P8 HeTTRekehtze

i nventbopsPs aMch mate efff iTi@npetr havuepnaadt rehebsirighadse gfressure.

encapsul ating,flavor co en agpl.e. 2., Conpari son,of. .Spray Drying

R-cyc S‘déx't:ygﬂie&or’?{&réaxé’s- - Jffﬁ]g‘é;‘,%,afgg& 3agﬁdsg;§Pﬁ8dextT%}?1‘L% fhs%?%%r

Met hotdseo&fbeygitngf ftdec\dl ferent ndiythgsmehhCGdspbex geak-araonpir ati ve

pur po I [ %ﬁﬁ] | & - QEé&rl according to

t he p?@égégngggg%?ﬁégml ovéﬁgggégﬁgg?ﬁgiiﬁhg g%&?g& ma§h$}1tered and

dried in a vacuumoven at 40C for 12 hours and a pressure of 30 inches

of HIpOR1BY 1 1eeedCl t%??ﬁ@@féréﬁtJb¥¥1380ﬁe1588éedﬂ@ﬂ%%k ggggzg%drying
d VI RIS 50- = dE | abl e f

Virts gegatt, Plator Chmbotngd mn thaEe8arN h EYRTRER had G P b O

foIloﬁfﬂﬁtEygﬂéch}eezing.the saane'at -36C for 3 hours, "applying a

(Hvacuu fod TTON g il e/ 11y U TE: ' caﬁf&ﬁ teof
3C per hour, _and rel esi ng Ehe pressufe. _Four cycl'es re pertorned tio
dry epdflegHpPe. Tablpat éR8Gs the ef fl@cPisragne dif{ dPahitgraryg
net hoJds on peak area farggﬁyé | avof ugdreQunds ent r gppeddn . :
0-cyc| odextrin. f.h_ ect “of Different Drying Methods on Peak Afea

-of - npBaAdsS)Ent r apped! | - | . nwth _ Tomato
Fl avof ngSpray drying | ecul eat
40C( y .

sulfide 881,024 7,635,105 8,852,907
Cis-3-hexenol _ o . _
7,910 31,858 29,941
2~isobutyl _
thiazole 7,734 ' 14,076 - 16,912
Phenylethyl _ .
alcohol _ 324 204 368
B-damescenone | 61,107 128, 022 | 164,493

The results show that the spray drying proceas of
the present invention is more efficient than oven drying and
C similar to freeze*drying.: The high cost of freeze drying, -
however, makes the process of the present invention more

economical than freeze-drying.

-17- DCl - 227305.1



" (arbitraryunits)units) units) Dimethyl sulfide881,0247, 6393:068,%280607

Ci s- 3- hexenol
Phenyl et hyl
Tesults show that the spray drying process of

i nvention nore @8899

7,91031, 85829, 941 2-i sobutyl

ggvb&tamafsr

ect of

1‘Hx‘z’éci‘gﬂ1th 1d-¢ YQS?J:d

ation Tenperatuteé an

t hi azol e7, 73414, 07616, 912

al cohol 324204368 13-danescenone6l, 107128, 022164, 493 The
the present

i nvention is

8%%}%%53% 13.t

JULY 2006 le 3. Ef
fl avordﬁﬁ%rkbggl tneaboren 0l&y & @&é@ﬁw ERRETIeBeJtPRABPoF VoY a

separ af£s 183%@8 HOrRl 8-k
according to %grocedure
duri nflefer Paedo

are

2475C f or
20 hrs.

Peak Area ct. Fl avor
Tomat (P’I"—*?‘é*fg?d F?*’év 2BLEr 4pnen
| ncrease hrs.
(arbitrary units) D nethy

1 hr.,

t hat

Mo A f %&&mpngtfv' th §hEYﬁk-8@@&h&‘en

escri bed above exce
OV oRFFERE .%%éﬁ%&%%%% %ﬂlﬁg zbe 2Bed@us
¢ ﬂ@ﬁatﬂoﬂapéglad k! eadntlifRed 0f LH0p] expbbantdegperature on
Conmpounds Entrapped in (3-cyclodextrin with
t at Entrapnent at Percent Mol ecul e25C for
(arbitrary25C for 3 units)hrs.
sul fide3, 342, 2097, 635, 10556

enperature

C's-3-gxpno) 11:6233¢ Sésgomplexatlon Temperature on Peak Areag of
Impact Flavor Compounds Entrapped in B- cyclodextrin with

Tocmato Flavor

Flavor Entrapment at Entrapment at Percent
Molecule 25°C for 24 | 75°C for 1 hr., | Increase
hrs. (arbltrary 25°C for 3
units) ‘hrs., and 11°C
for 20 hrs.
{arbitrary
: units)
Dimethyl
.sulfide 3,342,209 7,635,105 56
Cis-3-hexenol | 11,623 31,858 64
'2-isobutyl ' -
thiazole 7,978 14,076 43
Phenylethyl : T
‘alcohol 150 204 26
:B—damescenone 115,533 128,022

10

The results indicate that the process is more

efficient when complexation in a sealed vessel is conducted at

a high temperature followed by cooling than when complexation

is conducted at a single temperature.

Example 4. Effect of Preséure on Efficiency of Complexation. .
The effect of pressure on the efficiency of

complexation was evaluated by complexing the components of

tomato flavor with B-cyclodextrin according to the process

described above.

atmospheric pressure,

The complexation was conducted at
Table 3 shows

100 psi, and 1000 psi.

that increasing the pressure improves the efficiency of the

process, as measured by peak area from GC headspace, for
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2-isobutyl thiazole7,97814, 07643 Phenyl et hyl aIcohoIlSOZOﬂé
‘0- danescenonellb5, 533128, 02210 The results indicate that t process |s
more efficient when conplexation in a sealed vessel is conducted at a
- _high tenperature followed by cooling than when conplexation is conducted
at a le te anple 4. Effect of Py ure on Effjciency of
Conpl Z‘%H’t% gﬁ’l %%#%c?ngxlggbgﬂ’ﬁet&’ratzﬁ’&eef 5 s]é?lcil Pfs¢oiprERat i on
was evalattatfes: by-mm@anaget hadce&poaeme&e@i‘ol tigreten d1 My ofhe t h
(3-cycl odextrin éﬁ%ﬁi § Ehe rocess _ descrihed above P
- conpl EXECEGT Wad' U=t %Bﬁ@el‘-"@eprl& %, AP P 5?13"?500
psi . TahipdeXkeshowsth ttlad cycnedexnglhhbumraﬁaﬂefﬂeﬁuc&ﬁﬁelaﬁ effLC|ency

" par8es e N P hoRt tbRdtn, rBERFeEhe S dMRRRARS 1L R ES et raefl, 5

al so shows dedraaderim- dbﬁeamenuneoén&1@N9¢3dmmgiﬁxedrwzebsthg t he

i t i | d
b oh SRS ERAay w0 Ple' BEREIRS, WRrbRG AR e JAELas P ©©
al cohthe powsRICe LRL nERREO¥S| ﬁhsr eéficdeney ab @pmmm:e@@eom nthe :
amount ot fH1aMRIr CUMbEXERAL ¥ t hrhRe i reyehadRH i1 Vléff&c é&?creﬁ | hSst

denonstrate that_increasing the presSure can i_nprove |C|ency of
conpl BXePsRForfos dieahl wvBplaba 6n€ﬁﬁ§OUHQ§|¥ﬁﬁ%ﬂﬂ#ﬁﬁﬁhY% spifédency
i.s most pronounce for highly volatile conmpounds |ike dinethyl sulfide.
Table 3: Effect of Conplexation Pressure on Peak Areas of [|npact Flavor
Conpodabdecstir FHFRFY P H-CHRPIAZRLAPR RreRsurshwd BRal Aredm®udf Anount
Ent r agppe&to diiavEmn reppeoendraBpttapped dnl (0 qysilad<000ipsvith

pAt m)sp'bﬁﬂalte( a?r‘.llu\td:ar y(arbitrary Pressureunits)units) (arbitrary units)

Amount Amount Entrapped |Amount Entrapped:
Entrapped at at a 100 psi at 1000 psi
|Atmospheric | (arbitrary - (arbitrary
" {Pressure  |units) ' units)
(arbitrary
units)
Dimethyl sulfide |6,903,774 - |8,914,755 .19,577,128
_|Cis-3-hexenol - 25,638 37,636 : 36,863
2-isobutyl _
thiazole 13,622 15,065 _ -|16,157
- e _ — - -
Phenylethyl
alcohol  |ss3 440 199
f-damescenone 133,786 142,919 : 138,858

Example 5. ComgériSon of Flavor Quality for Flavors Complexed -
with B4CVclodeXtrihs Accprdinq to the Process of the Present

Invention with Flavors Spray Dried with Gum Acacia and
Maltodextrin. !

Samples of tomato, shrimp, and chicken flavor were

complexed with B -cyclodextrins as described above. For
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* G s-3- hexenol 25, 63837, 63636, 863 2-i sobutyl thiazolel3, 622%% 065 - 16, 157
Phenyl et hyl al cohol 553440199 0- danescenonel33, 786142, 919138, 858 Exanpl e
5. Conparison of Flavor quality for Flavors Cbnplexed W th

1 v OFSTERcP T | SHTBLTR Laht ARAEP oo BRADSLRE HORY (PSSR of =

tonaf@grﬂyﬂdnylm@ndfch%egenflhauns weeh gumwabaumi\udles
-cyclg tr escLi be JULY 2006
conpa |§§nég§aﬁfég meé% a %gggﬁggpsﬁFQYeargﬁ gbﬁé%%?*ﬁﬁ%l apray 97§ ng
of th@eefﬁnmﬂﬁfasmd¢sgmnbadacna83nmp1&altﬁdextmmatdlﬂi&yuronaThepray
dryi ngof r d,.as_d | o
Fonmt & PR Hetd FEESoEE uebE AINERC8° HCRRE CAET o AT, Svhrs
TRI OT"('comy@trmal(Jexorm'eat ablg &yvam ¥bksler EroNe Selry ikss csfers/cpb@s of
Sol ong ?%cgiméwg BaBese1klayobysKshem rie RASIMELAMsisS 2

fIav 5 ase a

neut ra prepari ng sauces. VOor systens

were peesasdd WW%QF‘P‘H@EE hfekeRrgRardRg ﬁﬁuc@@ml'l"é’)@esbétﬂﬁ thbaver or

syst etk ethsl Gedes éﬁa@Ib@ngdaxngaaﬁenah%&e&p@{@ x at a S
percent |evel. The ‘base [vor sténs were then rehydrated with hot
wat er COTBGERSE O tHRE e'BRB9 astyeéilﬁﬂ Gt 3kt aRTgePaneFYeBadBs bt ai ning

th he aﬂaqk@n é:&{)ﬁj tsdthiak 1P @@mplexeatv\ars pe&beﬁtaaearea per’ﬂﬁ&ltba.@@' ut l on in
ot an ses conta| n or were tas
bor coRL s, SYRLSTe Tt anthrd kABvERRRRA 4 Eboom aE Hantio b aand
ninlnmasmdehmna u&nﬁmmsahtseaehnnagtpageiessBamesAdﬂhqninﬂngntEQSIty'
cale o] o, ating a .
f_ZISIIﬁg %egh%9¥%avo d&%ﬁpi@%& E¥e gﬁgggﬁrg%é %zqﬁfC)Aéthe flavor.
Sanpl éslusiers iimsthely wakesdang bhéepaﬁ@ntanuang &hisi ttrcamaytcurﬁlams -
Chosegegg thetky Rad g §Q§é§céﬂtr§é§uEE8n in hot water.

The technical screening panel had a minimum of eight
members at each tasting session. A 10-point intensity scale
was used to judge the intensity of flavors with 0 indicating a -
dislike of the.flavor and 10 indicatiﬁg an extreme liking of
the flavor. Samples were first evaluated by the panel and an
afbitrary unit was chosen on the 10 point scale to rate the

_modei system'which was fresh spray dried powder. BAn arbitrary
unit was also chosen to rate the spray-dried powder and the

flavor complexed with P-cyclodextrin, which compared these

flavérs-relativé to the model system. These values were
designated as time zero values for each flavor. Further
evaluations were based on this scale. At each new evaluation
- the screening panel was provided with the model system and the
unit value that was assigned to. the model system, samples were
“than rated on the 10-point scale relative to the-model'System.'

Flgure 3 shows the result of the technical screening .
panel for tomato, chicken, and shrimp flavors. The results
show that upon rehydration'the flavor.complexed with B-
cyclodextrin according to the preSént invention performed

equal to or better than their spray dried counterpart.

The same samples were also held at 160°F (70°C) for
¢ houre and tasted every hour by the panel. A fresh reference
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" nodel systen1mhich was fresh spray dried powder. An arbitrary unit was

al so chosen to rate the spray-dried powder and the flavor conplexed with

. p-cyclodextrin, which conpared these flavors relative to the node

Syst egbnEiesGaabueh NALP £JpSLOOR! fuBty! LERSIBHY VAHET i, £8°0;
flavo urth uat1ons were base IS scal e.” At each new

eval ushoRanehe agcBeding rm et Wainpr avedebionr Hn Migurs Sy&t&arand
the uBhkhr¥al bilhan Waa%@%mﬁ ERalBes0del i§f01Sanprgs were than
rated on the 1I0-point scale relative to the nodel systém Figure 3 shows
the re@eghitesf sﬁm: ttéza:mue:eansfch@@ghnghepangansortm mat-‘tms cﬁmck'em Bnd
shrlng gaé? % results g%/that upaon reg dr flavor

conl BYEBERER T A e, T TR S AFRE BYeTR RS

per f oafiedr éqhahna)anmﬁﬁrd&wtohahetﬁéavosppa¢pmneﬂjhgnuﬁny¢mwionahe

I 160F f h t ast ed
hour BpUEHSpiER. A% dEETETRT bt SBEopEPE BokE P P LY 2006

f

sanpl @yb@édasce&%echfaarmea@dsm@pé&éy S68StBB. sphay esildd mpldgepanel as
a function of tine are shown in Figures 4-6 for tonmato, chicken, and

shri nfekra?bPyt %e&ﬁm@/a yIThiseshaws| thashsher Bacyalafadaugh t he

i nten c X y. X l-ayor over al
A R R R o T R G ﬁh%i?%ﬁi%%%%f%
conveﬁﬂaaﬁars e@ﬁua@fttilrawer@ by h’érﬂl‘égFéGEPﬂ-oﬁpé‘laUpmﬂmg botThe Héewer
cycl odgyt-ki Byf Eﬁ@ba@%@'a@ﬁ@éra@dhéﬁﬁssﬁéaih@r ired AR ©%fSre WBL Sv8POUL
the sane. This shows that the 0-cyclodextrin flavor conplexes release

t hei r bPRAgo nFOTPRE R Fute RBscYeladexsréncipsyion apunlesr &t tthaal
spraysg5¥tng The better 'score by the panel after 6 hours is the result
of nore flavor- belng I ncorporated into P-cyclodextrin flavor conpl ex at
t he startl Exanple 3 Stabl|lt of 3 CVCIodextrln Flavor Cbnplexes

(3-cycl odext:rins as descrlbed above For conparlson sanples wer.e al so

“encapsul at ed by&@mpkaﬁ|Qﬁmﬂom@p¢aybaeﬁbngndfdﬂmﬁh&ﬁlﬁiﬁworwwohegum

P

acaci 8 ARs Bl QK 19 by dRbA AN Pgnt "EsPROSEUYER ISR ) Bxampl e |
comparison samples were also encapsulated by conventional
spray drylng of these flavors with gum acacia and maltodextrin -
following the procedure descrlbed in Example 1 for tomato
flavor. Samples were then stored at of temperature of 25°C or
40°C in a de51ccator contalnlng a saturated solution of
magnesium nitrate to control the relative humidity at a ‘level
of 53%. The 40°C samples were evaluated by headspace
chromatography at 1 week intervals for 8 weeks and the 25°C
samples were evaluated at the 3 and 5 month intervals.
Samples were also evaluated by thé technical panel at time-
zero and after 8 weeks for samples.stored at 40°C and after 3
‘months for samples stored at 25°C. '

| Figure 7 shows the results of the technical panel
for“éach flavor. Again it was observed_that'the B~
cyclodextrin flavor complexes had a higher flavor intensity
compared to their spray-dried counterparts. This, higher
intensity for the P-cyclodextrin flavor complexes is again
attributed to the fact thét there was more flavor-incorporated

into B-cyclodextrin flavor complex at the start.

-21- DC) - 227305.1



flavor. Sanples were then stored at of tenperature of 25G3JUIACOD6 a

. desi ccator containing a saturated solution of magnesiumnitrate to

control the relative humdity at a level of 53% The 40C sanpl es were
+ eval uated by headspace chronat oeaphyials 1 week intervals for 8 weeks
~and the 25C sanples were evaluated at the 3 and 5 nonth intervals.
Sanpl esaweries adisomealigat ed by the technical panel at tinme zero and
after 8 weeks for sanples stored at 40C and after 3 nonths for sanples
stored at 25C. Figure 7 shows the results of the technical panel for
each flavor. Again it was observed that the 3 cyclodextrin flavor
conpl exes had a ihi gheyr pirbaess Lotrepsepyrinonpackodéxttiwei inspyayedri ed

count e ponts,e Thics ol Qheno knLepsl Ly fopothes 35 cvgl ogead iy f1 avor

conpl exesi$ again at tri € ere re flavor

i ncorporated i ng. < I ' Y 0 t. . =21- DO -
22705.1 13 JULY%%&%%?Z%%;&CIB&?%E%E% 188 EPEBL R A Y r;ér%%:%ls%nf or

pr eparesgedy dlcodex ian fiigeFusPdAtiedhpl exes of one or nore actives

conprising the steps of: dissolvi n% ad odextrin inp a solvent in a _ _
reaction vessePd3TEoPRFACK PEFE sBF bt YoM EAddRhigt BFRE ofoditr®mact i ves to
the fiwish selittrierw tw thrst br skagnd osdbutd en sef ofitle serhaltd®mafe t he one or

nor e aggtiiv\é%s -3 dc@éﬁlogg%&_g'hn; stirring the second solution for a
suf fi crrent "anoun of time and at a sufficient tenperature to form

i nclusion corrpls;%&%%iagts VRENsEBEnE VSO DYeRdA | foANd JDEE ANce O JIRSEnt

actives; adding a soli %ontent i ncreasuggagent to the second solution:

to foPf tAMERARG &5l Gt FBATASYFRY BRI e O ST S OMERT  and dryi ng
.t he t homglealest betweenf ohe dyyledewderin cywd odextene eomaharst on conpl exes -
cont appi§g.ihe actives in an anount of about 1 to 20-percent by weight
of the conplex wherein the reaction vessel is pressurised.

adding a solids content increasing agent to the

second soluticn to form. a third solution having an increased
solids content; and _ '

drying the third solution to form dry powder
cyclodextrin inclusion complexes containing the actives in . an
amount of about 1 to 20 percent by weight of the complex

wherein the reaction vessel is pressurised.

L2 “The process of claim 1 wherein the solids
content increasing agent is at least one of gum acacia,

maltodextrin, modified starch, or mixtures thereof.-

3. The procéss of claim 1 wherein the
‘concentration of c?clodextrin in the second solution is
between about 5 and 40 percent and the ratio of active to
cyclodextrih is between about 0.001:1 and 100:1. '

4. The process of claim 1 wherein the temperature

of the second solution is between about 4°C and 75°C.
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2.. The process of claim1l wherein the solids content inéﬁéﬂglﬁﬁzgggnt,
is at | east one of gumacacia, nmaltodextrin, nodified starch, or

. mxtures thereof. 3. The process of claim1 wherein the concentration of
v cyclodextrin in the second solution is between about 5 and 40 percent
and the ratio of active to cyclodextrin is between about 0.001:1 and
100: 1. 4. The procesdh6f PEPSFRF 10hheraim ¥ hevhemior athe ereaftihe second

sol ut veBsks bet weancabauli 4Geaadh 755 %M%@P@%ﬁ%{{%iégf%&ééﬁgf or

claiml1, wherein the reaction .vessel is sealed an he™o

more 4eFPGHE SPEDIHGe4hewrERBEHLCBPESTIRE t he reaction vessel. 6. The
process of claim1 wherein the reaction vessel is pressurized to a val ue
of above atnospheric to about 1000 psi. 7. The process of claim1l

further conprising stirrin% t he second solution at a first {enperature
for a first |efgth 3dPet PFECEEFoGF eSEFVRI § YRREF I gt Rhc $RFpEPRL ure  of
the seeesdlsakupreasigiand ab avralsehstlente tenmpespliesrds, to abdut

mai nt hebn%sghe | owered tenperature of the second solution while
stirring. S "The process of Claim1l wherein the solids increasing agent
is added to. the second solution to forma third solution having an

i ncreased solids content of about 30 to 55, percent by weight of the

solution. 9. The .progasspebceekai 8F Scdigk el Nfihenh sl ddlgpor LoOMEnt of

t hesecond_sol u gon is _incre sgdobyaaddigggé%wg acacia in ﬁg?annunt of
about 5515128 % PcERECRY RRIGhtOBF2 T h2 " ET Ut TOPEE Iy fdfny -
mal t o@&xeti hehavhngfatdert r pregregei val entowdr ey viden tdouprratand 10 in

an anpEntLef sabeHl 481utQ080tpesseNtr oMl AMsfudile SOhpd+OPurdQ, The
process _of cl th s re pharnaceutical s! or

n 1 _wher ei t
per { ufRS. MHHOETRBBPOEBES IBFEFS TSR E h The HEtTe TS SHREEbP DT e
f | avovhEbepehéntrsng-23 13 JULY 2006 | =

increasing agent is added to the second soluticon to form a |
third solution having an increased solids content of about'BO__

to 55 percent by weight of the solution.

9. The process of claim' 8 wherein the solids
content of the second.soiution is increased by adding gum
acacia in an-amount of about 5 to 20 percent. by weight of the
solution and by adding maltodextrin having a dextrose
equivalent of between about 5 and 10 in an amount of about 40
to 60 percent by weight of the solution.

10. The process of claim 1 wherein the active is

one or more pharmaceuticals| or perfumes.
o
|

11. The process of claim 1 whexein the active is

one or more flavor components.
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;12. The process of claim1l, wherein the one or nore fl&avor conponents

s di met hyl sul fide, nethyl nercaptan, acetal dehyde, 2-nethyl-3-furan
.thiol,.diacetyl, a pyrolyzed flavor, or mxtures thereof:. 13. A

' ‘cyclodextrrn |nclusron conpl ex prepared according to the process of

claim1l. 14. The cycl odextrin inclusion conplex of claim13 wherein the
active is dinethyl sulfide, nmethyl nercaptan, acetal dehyde,

2 methyl -3 fu ray, thigle Ghtidylor 210YK0LYZEUnCELaY O no0LART KU €5

t hereof . 15. cyclodextrrn I nclusion conplex conprising a, solids :
cont erftoendrleasr h CABRPRETHR Indigethyle sydfices mathrl mebaapten.about |

to 20 Rercaterbyadei dhthe iy 1-ne ReERl @%4icl6 dIB%eﬁW' Ogeﬁrﬁrb@ybﬁﬁl usion .
conpleé of claim 15 mhereln the active is dinethyl i de

mer ca OF A dMPERHYERS SRRyl - 3-furan thiol, diacetyl, a pyrolyzed
flavor, or mxtures thereof.

13. A cyclodextrin inclusion complex prepared

according to the process of claim 1.

14. The cyclodextrin inclusion .complex of claim 13
wherein the active is dimethyl sulfide, methyl mercaptan;
acetaldehyde, 2-methyl-3-furan thiol, diacetyl, a pyrolyzed
flavor, or mixtures thereof. - o

15. A cyclodextrin inclusion complex comprising a.
solids content increasing agent and one or more actives in an

amount of about 1 to 20 percent by weight of the complex.

16.  The cyclodextrin inclusion complex of claim 15
wherein the active is dimethyl sulfide, methyl mercaptan,
acetaldehyde, 2-methyl-3-furan thiol, diacetyl, a pyrolyzed

flavor, or mixtures thereof. -
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