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PARTI CLE SI ZE IS NANOVETER- SCALE | N DI SPERSED BEVERAGE TECHNI CAL FI ELD 5 @
The present invention relates to a nethod for dispersing plant sterol fo
beverage, av@iozespiant sterol-di spersed beverage. Mre pRAVERIIAIH4Y t he
present invention relates to a nethod for preparing a dispersion of plant
sterol, in which plant sterol mcelles are formed with a size of hundreds

of nanorret ers Wmm“mmm)to a beverage containing the dispersi.or. 10
BACKGROUND AR’%5 eopl e have increasingly tendered to over- |
chol est erol o5o#l t, diseases associated with chol est & mm‘@m

i ncreasi ngly becom ng a bi g social problem In particular, m“

who have experienced westernization of their |i festyl es, | ncI uding-t heir
diet, have far nore opportunities 15 to consune h_chol esterol foods than
bef ore on account MﬁTI'E) F@@I%BEWNGMTSEERQQ BEBVERAGFAMNBE ng

i ngest ed, the ch®PLANTSTERQOIFDEPERSEDREVERAGE,RlE WHICH RARTIELESIAE IS evel in

bl ood and may act as a NRANOMEPER-STALHTH MEPASRSEBBEVERRASES, | ncluding
hyperlipidem a, arteriosclerosis, arrhythma, cardiac infarction, and so

on. 2 0 Through studies of the net L f_chqlesterol, it has been shown
that both endogenic and dietary ch%@?@ilﬂjﬁ into the small intestine
and about 50 %thereof is absorbed fromthe intestines (Bosner, M S.,
GCstlund, RS E. , The Phrésertrinvemtion 3lMeskioasmethod forr difpeedthge plaft sterohfoge, L.

G 1993). Basedbaeragaladf f&m FerbREHR1S BefcigeD! SHE bhriEulalip! 5 LRka from

bei ng absor bed u%glei'hgfj%?%%m%%gae/ l%&em‘p (Efrd&?m 2{% sg*cﬂ/no have

fr
made efforts to H?Drs{fgﬂ\f‘élfltse%
chol est er ol - assHantatese] mireliss areformad with & size of hugdred ot prnogIetsrs %Talﬁsstﬁé‘ br oken

down into si tosm@rhwt;ragcanmtuerthddlspanwnstl gmasterol, while plant stanol or
phyt ost anol conprises sitostanol and canpestanol . For pur poses of

conveni eng@, they are all called 3 gq(ﬁ&; § herein. Wth structures
very sim ﬁgr to that of chol estero?%c antm?tbero is known to inhibit
intestinal chol esterol absorption, thereby reducing the serum chol esterol
WO 02/ 28204 2 PCT/ KRReroulg4peaple,/hive inereeningly tradered %o \gversinges cholgggerol.
5,578, 334. Bei ngs a resaltydisdakes associated with oliilesteral| are jpiceeasinglydreodming anlig- t oxi

and can be fOU%ciaI‘ oBlegd &mega&luﬂmof ERt@N! pesplsh vd 1808, effRtiBace00d,
tall oil, etc. Ltfb% oq e?rnﬁ es? méhglﬁnoé {ﬂgilrlaie& ff&frlﬁtf»tje%PP unkt gnt

sterol agai_nst |nte @E@pga f erd?l?‘@acf rfBﬁTﬂ?of

been condd@t ed f°°’[3§“£?ﬁ dlls
car di ovascul ar @i fgtfoeds, %e@hamg ingested.ythelchalestarel @frﬁ@chﬁs@ﬁlmq@mmha

(At her oscl er osi cﬂaolb@teﬁﬂ%vBBﬁ)blooﬂmMﬁag achassa maiafcabsefofcartdioyasculak distassd, er ol i s
difficult to appkmding Hyp ?id&ﬂlaaﬁi@éﬂbﬁélexﬁils,'ér& 8| Gadiad i¥REHdd, @8d sbhat is,
very poor sol ub |ty in both water and oil. 10 Accordingly, the gener al
public can only™ T Iy in est ero th th mof i ncreasi ng
the sol ubPlity of pI °“§}E‘éttu S°§ a&’é’l&* h@li“’\iv%?}el@% Frosshowd WAL, i ous
derivatives of hstiendogerie @nd diegary chelasierel meve into fther srealbintestinn end ebeubl wer e
devel oped, whi c30 trathereaiizaibbozbdd Rarh uhd inkdsiinds (Bosder, MaSeOsflivat, tRsdd), ., H., R

A. Vol penhei n, @Mis& OAGﬁém&kﬁOthséh%?a Lahgk, ¥: GS19933! - Bd¥ed oéﬂﬁ@ﬁc@%) 15

si tostanol fatt éx?a%xt ﬁlrev n?inglcﬁglleﬁg fr}mt %ﬂaé éos@x‘bg ‘Hoﬁqdal?ééuﬁ eiS of. o
Ne

|nterester flcaIQ CCOr %

pat ent , si tHEH b‘}terF%t Wyﬁ’QE‘? aVbQS e ? FtPe'i? 9’8"9"886&@ BL-C

| evel by as mucirophylaxis avd weatmens of ehylegtsrod-associated diggas¢sed form in an oi | phase
(margarine). WO 99/ 17h46 aédl WP PRytdsidll cdnsbe i breksntdown dfld Qitbstaol, ubl e
plant 2 0 sterql @§tbr\6f“t o3 febolarvaﬂ%ypxtaaeaaﬁad oP h&tda&hag cBmPRLes’ - Of

oi | -sol ubl e nDIec ant. st anal nkage.
However, a resedP qlggx&mmpgs%lgfs tﬁﬂ“@ t?ifaf‘?né’eﬂfla’ﬁt a??’earrﬁlahdéq’ui datives
W th |npr§9ed dﬂ@ﬁﬁ@ﬂﬂ@?mﬁave | ower inhibitory effect on intestinal

chol est erol absor pt i d¥ith stantucks aeryrsimilar4é thet efivholkesterod|plant/sictol trknewndd . , The
Ameri can Jour nahhibft igteStinel thdledtekol Nbbdrbhiér) Ahedéby refding theO Se2urh en@R#étertDO) .
Particularly, such oil-soluble derivatives are di sadvantageous i'n that a

| ot of edible oil nust also be ingested at the sane tine. In addition to
the effort to increase the solubility of plant sterol through the synthesis
of derivatives, intensive. research has been and continues to be 3 0
directed to inproving the bioavailability of plant sterol. Mich has been
done with regard to this research. For instance, a pharmaceutica

di spersible . powder of sitosterols for oral admnistration was devel oped
whi ch can be prepared froma m xture of sitosterol, starch hydrol ysate,
silicon dioxide, and polyoxylene sorbltan nDnostearate in a certaln

-, . . T




MO 02/ 28204 3 PCT/KRO /01640 Disclosed in U S. Pat. No. 5,932,S62 is an
aqueous honogeneous mcellar mx of a plant sterol, lecithin and

| ysol eci thin which has been dried to a finely divided water sol ubl e powder.
This was .obtained by m xing plant sterol, lecithin and |ysolecithin

t oget her | Waé¥28208f orm at a fixed nolar ratio and renoviBJ/EREMBCH| or of or m
therefrom In this patent, however, sone problens are inherent. The total
anount of the ermulsifiers used in the patent is greater than that of the
plant sterol. The emulsifier lysolecithin is very expensive. Wat is worse,
t he organic solvent used to formthe mcelles nmakes the water-sol uble
powder unsuitable for ingestion. 10 O her water-soluble 'plant sterols can
be found in U S. Pat. Nos. 6,054, 144 and 6,110,502. According to these
pat ents, aqueous-di spersible plant sterol 2is produced by adm xi ng oryzai; ol
or plant sterol, a nonofunctional surfactant and pol yfunctignal surfactant
in water at fixJevely a§ disslosednin Hy Pt Rgt thife %ﬁm%ﬁurg?mﬂﬁ BatpRagy RFHHRE et hod
i s charact eri zedatejaljydam gtefol iseof-taxin dnd caybs ozt inebreud dpetBun@fiplantsi on st eps

wi th adoption ostmmeby&wld%ﬁﬁ Woddptallasil, e o s mcbgtaavmesﬁtthé tlﬂﬁbltoxy

m’”]?pa't m Eate t |iMF‘y°Eﬁ”S§’H{ éﬁbﬁm %?&
surfactant . respective

descri bed >a °ﬁ’6d°?f’fd“éF%d?fclp |B‘F| &d ;apglgﬂ uBF‘fnitr\g’a éf gt °?Ict a
stabl e form by caalievaseitlarp| diseases; ercorongryQ arfery fdiseasesr sando hyneplipidemigui d
pol yhydr oxy confpshencsclecopts@8i325:338ucr ose fatty acid ester and/ or

pol ygl ycerol fatty ag @esmrusemﬂﬁﬂbﬁ ttﬁﬁt ttaelf@.cmmmut@apwtbmaesn When

bei ng applied tg, @ﬁhgﬁ? %ﬁl Ll §e 5 ‘f)lu“t’)hﬁi;I b%h?% dloo(tl uced
anount , |n si ze 0 ﬁ%HySI oz’{h%rfs o I |p° Itl)l to the
feel of th8 noufhgrord %h‘%"rﬂ?ﬁ?“'@lp WW@@PFB%H? Ipi@ %Wle the di s)altdvant age
of maki ng the 2 5 dr Wit theimebincreasing the solnbifityoef Hlang sterdl.csometrpgarchesh be

used as a chol asikvespithdsivad vadighs deivativessof lat ktebd Fod ekhmyse, et forhds of
6,190, 720. Thi s, patenl) v@éréeeuembsd)m%tét&cm&p%@m@@n 6t pmes

i ngredi ent by | e f nmol e
fats and one o(r:lpﬁg’rg ggvolf mé[% %g%%eh%aﬁtﬁ% go?'f“% %@6@0@
honogeneod8 ni ﬁteﬁtenqléatawﬂeseolséwehe@rw@gbtsmpaw tbbfﬂﬁ‘?@reéteﬁﬁg‘t"é’n° hi s

f ood i ngredi entsitostanddewittpp| fattydadid oAdcotsliretd thisophtens,uthh sitestaml dattydacid si ngs)
margarine, etc.estds 1@9@9@%% redubéthd LDI- caéxvet b¥ ¥s Bach Be16 Boshdnt@ipdisedt t o

aqueous beveraggs, b, ﬁffﬁéh Lé gecause its dispersion stability
is obtained only In ; %ﬁg% 1,S drec
di spersions of plant VQ ePhg 46, 2 opt? deyes edgvuﬂ'r%néiswﬂ%eﬁ%pll?t
cheese, e£f, arftrrokdsriyatijies Whicheresmnthesized &y liokioe e avatey- oRokrsolbicgelerds a

mol t en hi gh neltoiplagt $terpl at, pleat stanoel wik en esterdinkdgsi fi er and wat er under shear
with a feature resi difitgvelér, b edeartih eestilt gdveste lthadt dgnthétiel glar aterdl deiaatives ze of

WO 02/ 28204 4 R % leﬁé‘tgbdx f Hve 18RS HJhldlf%?ySeﬁJé@E‘o AfHEHHT dAbRRElS! ONs

enjoy the advan a er ni m n el m nati on.of ur at ed
fats and traps ggagoesl%bdggé)ﬂs}nt Wrgf@ﬂf.@sgg é‘?‘} © Ac ﬁ%f‘t"'i“hgjl pi ds
such as pPRéant s(ﬂléli N‘!}gtmfbé%éﬁﬂhé?@dpplqg?kmﬁ)thGW"u]LaﬂIé #hel pril-salgple i s not
appl i ed to aquelerisatiey ereadjedvintagacisdn tiat atlet dfedible all mp@ratsode isgeatedlai t y.
Chol est erol redysssnestigsli bl e products can be found in WO 00l 33669.

According to the net 'T;?qticgﬁo& £ e Pﬁ&ﬁt’& mama?en%te §61§E1ﬂ?ﬁofaﬂlﬁnt%te§a 8

mxed in a nelt of I er I ne 0 such
as mlk or yoguPt 3 %%SE%E%YF%V%Fndntﬁltfb"é‘dmts??"thom%%f eBd‘??gt gon%ﬁ*}’leé g’ bersi on
stabi | ity38f t Hirested snigiPeastingthe IP%’mlthfﬁémﬁﬂe@lpr oducts is naintained

only in the presencehmfchahqsrbﬁeeldmaumthmé@rd a ,thibuesearwh. nBontimstanee] a n t he

absence of a pryyheh EdpBYsibR . oJJIH%r&f eit&terat fos o‘x‘ﬁréﬂnﬁhﬁr&tﬁﬂ' wa§ 0 apply

t he cholesterol i0l ei neous
mat eri al s. § e(’gg# eciﬁ;h gg%%& ncer neéétesrltggﬁﬁl s{aFC% @dm%s%te
sterol - emul SI  f Siicoq gl pad polpirylen Fl&%f ’éPI-h’E‘P?‘? eeﬁ’?ﬁe‘i"&?‘&rlgoféﬁm?"eg%t 30 C
bel ow t haB5Sof themogeripation; dsaeration; hestearizaiong andl ¢VﬁPthfeFtn agidisclossdiin 1. Seduced
mel ting tenper &atuNp. 3j8880¢8.ant sterol -enmulsifier is less likely to
crystallize during or after the manufacture of food products and can be

i ncorporated into food products in an anmount effective to reduce serum
chol esterol |levels in a human consum ng the food products without 2 0
adversely nodifying the texture of the food products. Prepared from pl ant

sterols, enulsifiers, and neutral |ipids such as triglycerides, the conpl ex
can be applied to oil-based food products. In the absence of neutral
| i pids, sodiumstearoyl, lactylate is enployed as an. enulsifier. However,

the use of sodium stearoyl lactylate is limted by law. Additionally, its
charact er| stl c offen5|ve odor 2 5 requires a maski ng process when the B
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beverage. It is another object of the present invention to provide a
beverage 10 containing a dispersion of plant sterol, which is not bristly
to the mouth. It is a further object of the present invention to provide an
additive suitable for use in beverages, which can be prepared by the

met hod. | nwax@eswance with one enbodi nent of the presentPdIKRINO164h, t here
is provided a nethod for dispersing plant sterol, conprising the steps of
thermally 15 nelting an adm xture of plant sterol and at |east one

enul sifier at 60-200 C, said enmulsifier being selected fromthe group
consisting of sucrose fatty acid esters, sorbitan fatty acid esters and

pol ygl ycerine fatty acid esters; conbining the nolten m xture with an
aqueous beverage or an erul sifier-containing agueous beverage; and stirring
the conbination at a high speed to give agispersion of plant sterol in 2 0
t he beverage, whereby the plant sterol can be dispersed into particles with
a size of hundreds ofDipdersdeineVs S. |Ret.aleoPdaAee2 \if t9h agHsORe POBPESBEWeNt of
t he present i nvmiticllmxtdferpiamtsstqwlolecnleniaadlyfsollaclthui wihicthi lep beeni daipd pd ant

sterol, conpri Sjﬁﬁkﬂy tededtwaisr Rfubld ﬁw&eﬁl I'Shig ke bhtginad) b ik plagt a&ogl ant
sterol and an ey L.]% d%%t sucg s&u* aﬁ'&rgfo {Ebjﬁédaﬁwt?arﬁupgﬁ élﬂl fFPECt ed

fromthe group o % Cld esters ty acid
esters and Yol y ‘?fjﬂlegfhéf nhcﬁﬂ ﬂé‘%?@?é BT PTG pt‘?‘]’ienf‘ﬁ)‘fIF ture
with an aqueousTb@m@ﬂag@umo e emulsifiets wsed dm fheanatanh is erqejerotyen thet ef tge; and
stirring the copleatsérblon The emubdifish Iyspleithia ivivérp exgresivei NWhatds giowse, thepl ant

sterol -di Spersegrggﬁxesrom& u‘é@&e&?gy o e Pliddies Shalde®! the ARatSsofibRP powES | Nt O

particles with a Sltéﬁﬁ hundreds of manoneters. In accordance with a
further enbodi mEFH g Rent, |nvent| on, there is provided a method for
di spersi ngd%l ant st £PtBer W%*é‘nﬁ??‘}bé"r pleptisteeols pane %WQM@IPPEWIGPQ%QI“%

adm xture of plamk 631%5G2. aﬂmdomﬁngl toathese qpatentsmalyesohis-dispersibleOplag Gtempl isai d
emul sifier bein oaﬁ'dee Fy¥and] o2 Wikn€ S8 fol,S4 magomhctwslrmﬁctaﬁtm aci d
esters, 3 5 Sorg t%ﬁ&bﬂﬁ%ﬁ?ﬁtﬁ&ﬁrwsy Qﬁeicﬁhiﬁireac'rﬂses'[ ers,
cooling the nel t!h ulveri zi e. solid é’?n% nga%v\der and
conbi ni ng t he ‘é“lm’?m N cfg'ﬂ%ﬂ;g 358y glgo © °§°l°\g7 & A i ng
aqueous behber agésacrgtion %tPRSrWﬂFh@OPH@O PWG@F@S’? itag nyonepalnity

conbi nati on at mohomglmitate @sl at monpfusctiangd | sarfactatteand| a qbplyﬁmc’smﬂ lsu*fa@taage

wher eby the pl apg e@ﬁm}ol can be dispersed into particles with a size of

hundr eds of manoret g ":Jﬁ aﬁ%&r%gﬁ&éwﬁo Shiddseaid Ubdhifia STROMbARIH of
83

the present inven |on spersin
sterol, conpri sPREGPECRYlS Edbrf“’%’q’tzﬁ ?tFFB Wsﬁ%?"t@ bé.'r?dﬁ‘gfw lﬁ‘%égb pl ant

sterol anclat | @taxsﬁxedrxememth giliguigrpolthydroxy eemppmé&pata@mﬂ syrropecfattp gfif g
sel ect ed from t éstergindiop polyglycerdl fatty aitidsaster @asd diletingythe cidohixdere evith water. bi tan

fatty acid est emeﬁr&u@OAp@nb&qerdrmsfaiMe @ﬁtﬁdle@séfeﬂhs pl&@ Odtdrélgpiobiscedel t t O
a solid, -pul verhébﬂxg 1£@f3zest8|a's‘i’a:é crr B kB e] Bemeowder
with an aqueous t\r/}brﬁ‘gﬁ ‘or an ’ﬁ |er c tapni ﬂ?eou ver@ge and
10 stirring the®™Qy eHROE: thg I?I‘f’é f‘iﬂ'ﬁo

pl ant® st erdd di smirkg@ga@jéverage vvhereby the pl ant sterol can be d| sper sed
into particles with A& feod éngédidntnttlstechs of usednmtcdmbsteioﬁrlmuog agemteiswi t h

still another egRasi:aBl, SIBKENG. '6519@'790” %t@kala&uﬁ%oﬂﬁ&h B

DeY 1 29 r 2P R focEBhicilly A8 %“ﬁ s ookt plafERL MmN 1
?"ﬁ Q0% Ty oFe & m;ﬁ Par ot ear"ara #eting an

in beverages, cHMafeadt®r
admi xt ur e 3 pl bomogsneaus mixuce tatabpuaidt *Cownsler pgitatpn tegivae pege.20hicfosdd f or s
particles wth mgrdieat edn beigshliedso ofl-based domdsesush @s shled dresdings, hatgagne,

di spersed in agyeouss BGLaeaIRS apphiddtilitd Gp{halfémhgbaieagm L&t Bsbefdgayist he

group 2 0 COI’ISIS.'[I r.0 t atty acid
esters and pon g’r osss#’getlfegmgeﬁs &?s ?ondsm%g %ﬁ RRY OUT THE
| NVENTI ON Nat ur al I y Ft?ceg?'? thY A 1§)F1’é?ﬂt°dstt’éﬂb€f°§s Beré’f)ﬂ‘i? agt stetgl reto
chol est er @5, |nmtsweeadatdg¢saingsmmllld chedserete, and t¢ o puepazatipn mathod @FnPFJIIS@Et
sterols, of whiglxisg together @lmol@nhigamekiagdipid,, 2 sbi-gems epubifieandd sistast anol
predoni nat e oveindaf kithr P Blafiro Alidty iR 11l MB highl hitithg Blid hil &ian e
sterols have little i nfluence on tlh | evel of chol es% erol in blood, but a

| arge quantity of plant sterols inhibits the absorption of intesti nal

chol esterol and bile chol esterol on account of their structures being
simlar to that of cholesterol, thereby | owering the serum chol esterol
level. 3 0 Effects of plant sterols on the reduction of serum chol esterol

| evel have | ong been under study. Such studi es have shown that plant
sterols can reduce the total serumchol esterol |evel by 0.5-26 %

espe0| aI I y the LDL- C IeveI by 2-33 % depend| ng on dosage severi ty of

e I 1 o .




fromthe intestines. Accordingly, plant sterols are believed to be

i neffective against cholesterol which is in a mcelle foam In fact, it is
reported that dietary cholesterol is nore resistant to absorption by plant
sterols than is endogenic chol esterol (Mattson, F. H, Vol penhein, R A,
and Ericksd¥Q 0824 Effect of Plant 10 Sterol Esters onPGTARRGEWP pti on of
Dietary Cholesterol, J. Nutr. 1977; 107:113 91 146). However, U S. Pat.
No. 5,932,562 perforned an experinent with plant sterol, teaching that,
when being adm nistered even at a small amount, a mcellar mx of plant
sterol is very .effective in reducing the serumchol esterol level. It is
believed that a mcelle phase of plant sterol well settles the chol esterol
in amcelle 15 phase to effectively inhibit its absorption by the
intestine. Products developed thus far wh ch take advantage of plant
sterols in reducing the |evel of cholesterol, especially LDL-chol esterol in
bl ood, are comi®mierans ¢ lassai | Bl aqueonsidisporsions enipy & aduaiageof permitting,

Engl and Uni t eehifSinddation of efiniratiom of amtiratudsfatsadrdatrankhfatty adciis meHowsver,n f or s

g]::i Zgr \e/?gseg{ e?ﬁﬁm dfthigh Helthg ﬁBde's@dﬁtasﬁflﬁﬁ th%l@ﬁtﬁtt g@@gﬂic{e@ ‘;%ﬁ; teBét Ve
when bei ng use dlléﬁ&hq%b&n%et I glft?sw’?{t a%gﬁéf F‘E“gg" f’ %rgge}.'s & Eusﬁ tlg‘P’oI em a
patients. we (Fispersipmabilitiy et s cont ai n fat component s | n Iarge quantities,

so that these are alGhlistegalsteduting, edible products icam be Mownyd in (VEQA063366%e been

made Ito provi decpdrding t6 tier @étbod Of thévSatedg epldnd sieFols areTidsoMed oF mixeddause pl ant

sterols are sp

devel oped thusﬂfeg?glsax?% pélﬁmj E@glth v%lrlt%tls ?&QSP& i il or %g&&n t he

oi oava | api |1 1 §OBPER AR = e food, PRSI ‘?%rﬁﬁmrffoansﬁf’ql?

enpl oyi ngLQ ar g&helentiek sedeging dible (produpts i Apmintainedh gniyyin fthe prascage sf a

si gni ficant peproeineofis miateeialf but dot cmintainddi iorthd atmence @fia phaisincousomargriabf . pl ant

sterol s to-eff qaéreford)itdk We@iffculd t&apphPthe TheleféroPRAMIRS, IediblPprodictPignt  of

their slow util fe?a{gb@ﬁ’eeoﬁ: u'ﬂ-,oﬂégfﬁﬁ\a yrther, plant sterols show very poor
TR

di spersion stabi process, i s re |red to ve the

sol ubi | i zer used for dPsp gfkbn6 pfeRfgmed é‘?tBI% aé’ﬁc,sltf'r%tlse i

provi de ptant semplex svhich, hap@vméhng tnmmrature atleass B Shbelowdba of rﬂm)plemts
various sol uti eteml,hehaectesiest hutgtsdvedo itsneeducbdngelfing Yemperattdep theoplayt! ant
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02/ 28204 8 PCTP%E& sal s R “?"%?ﬂ%’ﬁe g‘@g&ﬁe‘,ﬁgﬁa‘%\txsé ng\i'h@ff u%vﬁvgzers and
emul sifiers aré& FFptea%ahfelsst%rat levly Ine hypag-qongyraing fa Topgd @B}d&}FtﬁdmthB“tU S.
Pat. No. 4 932aéd@melys modifying ghe denturpeofethsi fopd diredyeiss e Preparedufbmf plastat i on of
m cel I es from aterols; ganlsifiess)land inewtradflipkistsac ey triglycétides, theanampiexadad Hehe
\ThlchI grenrenr glltla leagbadlpedeéec?&"@oﬁ fbtawg te 3k ke faB{en@epr'n&ii’&dlq fhidsD Sp‘ﬁ“ﬁgf‘gﬁie
argo quant 1 1 SSERH By f#;'*ére@ffd R el e%@‘f%eénﬁaﬁ'f ot oA

i nfl uence on t At&eq Pﬁs‘?‘@’ﬁtlelf ited %‘Iawedﬁﬂﬂ’éw )é’dﬁ%? argeterighicyptfengive ofgani.c
sol vent s,25hi ckequires agaasking progess wehen thelsbmplewis applieditmbéversges. may remain in
the m ceI | es. 10 Therefore, the present invention pertains to a nethod of
di spersing plant sterols intgREEBKURE OFf TR VPEREIGN hundreds of

nanoneters, which inproves the bioavallability of sparingly soluble plant

sterols, has proper dose proportionality and shows a npxi mum of di spersion
stability. In accor d‘Xﬁgéhevﬁbf’ﬁePlﬁb leps dn mind, fhe\iataRsivsrand thospugh resesish®Renent i s
br ought 15 abothe splubletfernbofpiand sterdls, contdpctod bpthamesstttmn’@;cs, tisvitadgn these to a

decrease in t h@nding tHa€ ihext plafiOf@@Pandralenttdiifier areCheaRRtl téHetRP Inth® Bbsehcep| ant

I b o |
of “bover ks oft 18 nm”“‘gi%%%m; e Bigh 1o ﬁﬁ%ﬁ%ﬁﬁ% he Bresent

i nvention are J6U8 mout h.
Addi ti onal advahsehy equsflt -speeds stirring mrelmnmsﬁmmgt pragessesQ leading to the
chol esterol -r eqimenngn\tm’orm ades daisonfohed fhat [iabevkrages,ampomticy-gcalefl micklésr pH and

]g:orrpots iht i ons. bGlipdridr fn bidavaIkBINH) havifly 86 idfRiBndeSortth® cRathctérsGE WsteS@dect ed
romthe ou S ito
si t ost ano:?g cgr%lggdglgfrst{gk an%gfﬁ% @urilé(g{l é°r gg’ggeaihgédtjlkooﬁg#qsgfmg%ﬁgakpl ants

sterols can be used in the present 2 5 ~ invention.' Exanples of the

enul sifiers that can disperse plant sterols in a formof mcells with a

si ze of hundreds of nanoneters or |ess according to the dispersion nethod
of the present invention, include sucrose fatty acid ester, sorbitan fatty
acid ester, and polyglycerine fatty acid ester. G her emulsifiers than
sucrose fatty acid 3 0 ,ester, sorbitan fatty acid ester, and pol yglycerine
fatty aC|d ester wer e found to gl ve S|gn|f|cant armunts of partlcles W|th a

o - T o e



3 0 Various aqueous beverages can be used in the present invention, as '
exenplified by water, juice beverages, carbonated drinks, mlk, soy mlKk,
dri nks made of grains, other popular drinks such as coffee, green tea,

Pol ygonat um odoratum var. tea, and so on, and an al cohol drink. In

accor dance W@ %2820e present invention, plant sterol and RET/KRAMOEAG | er are 3
5 adm xed at 60-200 C. . Preferable heating tenperatures of the adm xture
fall within the range of 120-150 C. Wen the adm xing is conducted at |ess
than 60 C, the micelle particles have a size of fromtens to hundreds of
m croneters, WO 021 28204 10 PCT/ KROL1/ 01640 bei ng poor to the feel of the
nmouth as well as in bioavailability. On the other hand, an adm xi ng
tenperature higher than 200 C denatures the enulsifier, though the plant
sterol is still stable at a tenperature ofs 250 C. On the whole, when plant
sterol, a sparingly water-soluble substance, is. 5 enulsified in water in
the presence ofiI&speeiiNg off beverage basey asd eand| the fmproveraent de dhs disperaign| t i ng
in settling thestghilitytof gteeplant stenot miqeHest has thesefiact df peolerighes the tifyi spgn 6f then t ens

to hundreds of Hév&egurg&@meeldgﬁhéd@mayeﬁﬁsbrouﬁb@m}am pbiddeTsil¢e research
was directed to max' ﬁé‘&!'o%'tﬁé ﬁ;%%énﬁfhvg&uogx' i# tp?c}vﬁ{ecg mefhB& Y

d | t |
T Bree a%ﬁeteﬂfrgw ataeons, bases 1nto & cauvepisnt) 6 cati o

ters
I’Ph‘glflqg}ﬁﬂ“g?q?catl on
coul d be maxi mf,@éusevmélﬁmbq andtimproved in the dlogvailehiliysef the plagti sierokia addisiense
fatty acid est ewshaviigy hotiafludned toy thei chaestesistic, taswl gl flaeori of fhet appliadi d
esters, or its peRbpapdir€s was mxed to the hom)geneity In order to

honbgeneously mx p E %ﬁo%egl nbﬂ%% L2 S ?{ fnﬁv%ﬁtx?t he %ﬁ& Sﬁe%ﬁle' S

heated at _near its, nel {'|,ng poi Si't OSt carrp Sterol:

about 15718, st‘i°§'f‘?‘H’é‘tgeBr‘8¥Persé’Sd’GPaE @)WP’G kraoh sflﬁé"tpﬁﬂml'} Brponents into

| i qui d phases bef or eItrisxa rfyrtheT obiechof the present invpndon o pavddeage additizie

enul sifier- contsaitmiwﬂaraﬁmﬁbek&rdgeé(%&geanb&]ﬁeﬂmtbgdhadéﬂwd ure of plant

sterol and erruls'f'e'in 'aéco?&ah&r efgh%e%nmoqnn&@%?qhe reddift iEVERHGH, fth@ra jgdded to
t he aqueous bevera B}&’Effe nt | ) 8 at adr%)ig th the
plant sterol. v%q' n%l P% rB °?f§%‘as“f8'r t‘?& S X tible
with eachldt herme Iting any adrpiture %ﬁnlw @'ferql gad B lapst ong @P@Flﬁ%attq@?émﬁq (e tid

bever age fal |l s emulsifier being sedaotpd fodm thel Group cansistin® ©f sgonpse) fatindcigresfess; abl y
within the ranggriifan fatdQicidestbrsl 28 polygWreritefattiPhci® estdrs; TOHMBRMiNE memutaﬂes
usable’in the BLGREDLHIKSALIAD bk@?%#ﬁl § o8 el Bkl £RadiE tElagRS

b ted d Ul
carbonated dring '?{P“eff mlbjppgon st a?HEFq‘gP &R &@eﬁé%?f%@g sellin o

drinks such as &% fsf"é”
pref er encd0f or thebesierage.whezeby therplent\sigrad can ke dipsrssg énto petgiglesiwithasize 0f of
pl ant sterol obuadmdcbfneudsequent hi gh- speed stirring and honogeni zi ng

pr ocesses rmay be fur ih&deondétvith sottar aﬂB&ﬁM&nthﬁ“ﬂ&fp&E@ﬁt ﬁlu@dmoa,&hmtler

j ui ce beverage s‘:r%kﬁl

grai ns, other 3” {% Qagzhgg £ (ﬁ££ F%orgﬁér rll<sl'iﬂ oéﬁefsgé égi(?é ed pI ant
st erol - cant ai niM ‘8 ’ét§r°°§8 H?rﬂ Ut 31 %@ Pff

di stribut?®n, ths@erelgpted Famdhe giopp FoRFISHRS RHWSERER f%ﬁgldrﬂs'@@e%@blﬁ%l fatty
industrially i roitirdstens andrpolygiywerimef faity acid astersopoadbiniyg the npien udktere \8&

Al ternatively, gl @ﬂ&otﬁtlﬁb&hgma@@m@gmbfi@&téﬁuh@ aglibofiTHewkdgk Lin ated at

whi ch 15 {hen %‘8@?‘%@ Wk LB ;;ﬁ%% qgﬁé *8%945?"#‘98%*‘“% A

aqueous bevera erage, siefo es w1th a size of
enul si fi eBQcont fl*ﬁgo penomettges, pl ant sterol - cont a| ni ng beverages can be
prepared. Over |iquiih dcosrdance twithracfiirther enfboiditeent dictherpresent mdelition)tharelimyv e

advant ages in tﬂ?&hdad@me%e 500 MR 1m£t0ste!3@1ndd rfprisly the $RpEof ermally

m croor gani sm ¢Q ns e rgaspor t
with ['ow I ogi st Iéi%& gmghgﬁ&%gftg?? (P% rg,de ‘g]'ge "338&9@5&3 Strate,
t he di spersion ‘?ﬁ ings selerted fromy, thei srovp ShpucEess falty asie e8RSt sifier
is disper3®d i ﬁom@faﬁymsldeemmshpeb’manﬁer%ﬁzecldmm enoligptheymelt focd] t o

produce an aqueolid gnlx&ﬁhngmrsahd RO BR e po%ﬂ ahl €opBINIRI the %o@dlﬁMl&daﬂ o
aqueous bever agggede be&é?agectﬁ 7 o eﬂﬂﬁmﬁér%}'bat t%@e&umvasg

adm xture of plant sterol sucrose d ester,"wWhichis obtalned
by Beating before m xing, |s added to water, after which a stirring process
and a hi gh-pressure honogeni zi ng process are conducted in due order to give
a clear plant sterol dispersion. Wen plant sterol is used at an anount of
1 % conventional emulsification processes cannot guarantee the dispersion
stability of :. 15 the resulting solution, giving rise to an increase in
settling of plant sterol. While conventional enulsification processes
produce dlsper5|ons mhlch ShOMla transnlttance at 700 nm of as Iom1as 0 16

b oy e o, o e



5 Upon heating in the absence of other conponents, the plant sterol and an
emul sifier can be bxought into honogeneous contact wth each other while
being nelted, so that the mcelles are obtained with a size of hundreds of
nanoneters after the enulsification. Contrary to conventional techniques,

t he presentWO¢28¥¢i on is, therefore, capable of produci RETARIIEIHE cl es
suitable for use in 10 beverages w thout using any organic solvents in

whi ch plant sterol is fairly soluble. After the stirring process, a
honogeni zi ng process is needed to pul verize aggregated micelles. This
honogeni zi ng process may be conducted with the aid of a high-pressure
honogeni zer, a colloid mll or a sonicator with a preference fox a

hi gh- pressure honogeni zer. In accordance with the present invention, the 15
mcelles are honngenized at a pressure of g2, 000-25,000 psi and preferably
at a pressure of 000-10, 000 psi. in a honogenjzer. After this process, 95
% or nore of t r@mbm,aétpn aksa high §pesth tagive ol plaet Berpbdisperied bevsrags, wberehiiber | ess
in size. The diplpesteiodngn bedispersedsintolptacticies thithya sizeef hudieds ofdanometeys! ant

sterol and an enul si fih @EoordkdBd WithGtill NEMIthed érhbddiedt W2 (R Ple¥dnd ivehfion)at er

and treat ing ”[}ﬂ?fit 1d?eﬁ e BIB53 U6 abflrdf ARG Vckhrlibg é@éﬁ%
milk. drings e B DI ol o) A SN S A LY

pl ant sterol - co‘iﬂ, amdmnfgﬂm&emgéslectp&nﬁmetb@ gtrap copyigting of isecrpseclaity egidwi th a
particle size astespirbitaaSathearivestersiand polyglydesing fattp ucill agters;ar eecolingd sharticle
SUgVaLWeSt and xtﬁélﬁtotSdJRﬁ{fd' Plilvér 'll--_ tH@chHfd'tfélgNe'atﬁ(owdéﬁ\é.h&‘uu BGining thé! rﬁn the
characteristi,c tas avor of 1| e
2 s erhar acter! Shiof shRhEnA okl B o s RGBSR, oA meltae) sph
separat i o0 everﬁ“ﬁfﬁge‘iheﬁeinh@a%‘%no%téoh%sﬁe‘?é@B@P%&e&m%éeﬁ?eal’ %S?r r~
sterol micel | esdispersed bpvevagedwherebydhs plentsitarol eandiidisperged #ator panticles wiu}eapl ant
sterol m cel | essizwif Blnairds®f 8lolmerts. di spersion stability at 90 C,
guaranteeing the st a bidoimiod wih sl D BOUGHGUEE: el CRGrORHEPT sl | T2, A

better understandi I ght of

n sent j.nventkon ne
the foll owi ng sé%{%lrfg?f’é’é“ 7v8%gﬁpr8pa§%i[byf°8ff)hgf8gav¥lnff§q B?it e, but are not to
be constrd&d to |im i taReordanse orith sl anfurdar embodiment shereip myovdedhpr es,
particle size didditive buitatde formsseaimabsvemges) \charactexidedMasthetr &i iz grreffedd ber n

::?;% [(léonﬁ/n}) 1%18 therkd&lly meltigQEMEARAEE VEplEﬁf{%féPdl En& at 100243 at 80-200 o
S en
heat ed to about E@%P(ag% njgé %ﬁﬁ?lgseﬁﬁﬁ% &?%fﬂ agon? ter% W%EB

N

(‘D(

H

erol 10%
Stignast er ol i IBEBEHR uepms Fipogenciag GRUSie OSEEh vt s esrewae 1)
vc~ere add@d t configigont Sierose fatty agid esters. w;bl‘@nufatmwgd@ms pidcpalyelyeering speed
of 6, 800-7, 000 fagynacidestet) mn. 5 The parti-cl es thus obtai ned were anal yzed
for size and the results axe given in Table 1, below. TABLE 1 Particle

ize Cumnul ati ve0. 98 % )
3 31,55, 234, 3666, 825. 3177 JR a5 SRR THEDULTIEBVENTION 6100, 00
COVPARATI VE EXAMPLE 2 The_ di spersion prepared in Conparative Exanple 1 was

treated at 7,000 10 Péfuralin epcuringgplagirstasels aze Matior & piruesire §Q,|€h0199$°r?1hat
manuf act ured byinkecaatirhlwotild; sheré ghe fitintliachriaty ofilant stbfols, df which Mitds@drbl, ", i n

?Rg szzl tzgh:r R’afnbeﬁéﬁsﬁ sti &t&&tﬁdr@t@stw r&féﬁiﬂa%@@vér%th&'s?&ol@ndm an
measured to ha\elb r&th? lekdl %f:cé P 1%?758%018};0? ](5&@61%/5 dndd 2 Q?gg(@

TABLE 2 Parti c|Bole Ssterol 1h tr;i]o ut a large quantity o rT}‘plant stérols inhibits the absorpnon o

Si ze(~n) Cunul atipieginabgbaestgel gl bilo rlstad. aBIc@uas ofl hrigasnESsherg 9. 746. 3
S88. 4S11. 1196. irdilar 328t oFGAleskindINeroby ICHMANRAT Mt xHd¥Eteol 3eveCT/ KRA / 01640

In one |iggr vessel, Eﬁ@ctg of olaR %Bls%%@ke&éﬁ&rpﬁt&m g Merslaﬁyﬁ%% ol 10%

stigmasterol si yate 60
(HLB ~5 14.9) w& lgﬁﬁ"%ﬂ %f‘d Uy 3%? ?g s B&E\é té‘%%\m"?‘ﬁ“é‘% O%’u ng.
After the corrpl%"?ﬁ?ﬁ“%f’h? Fr%erﬁ)elF‘(q ﬁéjosf@ﬁa % PHRFL L= Cleved &y 3 3ﬁ/"SZO g of
wat er mai nt ai nelgpendingbendosgge, Gevetityt dhpatigntls syzuitoms, ragd greseriizedt digto, DO r pm
for about 10 nmicholestérel Pvalniedwdiny effectlisuber Affeotrdttyulie gbidat, agel amdsstaa®SEr ved to
have floating plant sterol particles while nunmerous particles appeared to
be clinging to the wall 10 of the vessel. As a result of the analysis of
the dispersion for particle size distribution (in volune), 91 %or nore of
the total population was 1 psn or nore in size and about 81 % or nore of
the total population was 100 ~n 6r nore in size.Iln addition, precipitation
and phase .separation were observed within ore hour, at roomtenperature,
ensuring that this plant sterol dispersion cannot be applied to 15\

bever ages. COVWPARATI VE EXAMPLE 4 In one liter vessel, 1 S g of plant sterol
(sitostezol 78% carrpesterol 10% ~st|gmasterol S|tostanol 1S% and 30 g of

. ™ N NN\ o N | o, A PNIN A AN O~ 1 a1




WO 021 28204 15 PCT/ KROL/ 01640 obt ai ned, nunerous particles were clearly
observed to cling onto the wall of the vessels because the plant sterol

di spersi on was not conbined with protein, but with water. At a plant sterol
concentration of 1 % the dispersion had a viscosity of as high as 58 cps.
As a resul tW@02/28M4 anal ysis of the dispersion for parti CRE/KRUHIBEO
distribution (in volune), the dispersion was neasured to have particles
with a size of 1 Nm or larger at a cunul ative percentage of 68 % or nore,
and with a size of 10 ~mor larger at a cumul ative percentage of 21 % or
nore, which was |arge enough to provide a bristly feel to the nouth. In
addition, its poor dispersion stability led to' the conclusion that this
dispersion is difficult to apply for the preparation of beverages.
COMPARATI VE EXAMPLE 5 In one liter vessel,7 15 g of plant sterol (sitosterol
75% canpesterol 10%_ stigmasterol sitostanol 15% and 1 S g of sodium

stearoyl lactyl balth ofghe pafisnt apd) itsoadmipistraiion 1fppm (§S‘%SB°1¥SF%1, @TYéfd-h rféB%Iley t h
stirring. Thereatyer, the clear nelt was 15 added with 300 g of water

rlrgl nt ai n$g at aéb#(szt v, géefé' hp\@eﬁerbzw %%degt'é&nﬂle BRuE Had ibnf Rfgrdlor about
mn. The res wa,( a'teo&hi’égﬁ ({]é%]% & ﬁ ﬁ% within _

hi gh- pressure honD en ctured 0

i denti fi edléas " IReE dF@'ésrl I@ﬁ‘.’f@@—ﬁﬁb@lﬁ%ﬁg ‘gﬁ% ﬁaﬁ’n‘iméf gl

di spersi on was %methveereqt@eund%chtshx;ﬁhemlwtsm¢1@r@rwbphnvnd daedingffertiye

conpl et e sol i di 4gainat ¢chotest2rd) wiii¢bhis in b riestle darys, Infdce Ht fsespdried thatdietady t b. e

concl usi on thatchbfékérdl“@ﬁﬁdr&'l@ﬂstbx& 1 dokbiptiod b ﬁi@@t&fol&%a& e eRfog@AE at i on

of beverages. S icle

si ze di tri but aﬁ;&ﬁﬁ Bube . 17, 20t R4, S ﬂ’é#é%e?éﬁtfk?&%@@
particles™ith §°’§ ?ée’iﬁf‘mi EL‘ﬁ‘bsﬁﬁpu?%Pég%eméX 5016?}%‘19} dt Ny P dEEFE-of 57 %
or nore and wi th48).siHoaweyér, XJ. (5. Pat. Xo. 5,282,662 perfoamed an lezpsrimenp with plansige of 2
517 %or nore. ste‘ib'l@ Eeadhif® ehat, GifeR Sethig Gmiridtéed beh)at laathallanidist, a@iledl4si On

that this di spepsi@his sdid ié EdfedtiQe ﬁﬁ@hﬁ/cuf Eé}ﬁmR;rhgﬁ x%i(;a_e%l Oft is

0% St aast erh o %%msﬁfel AL aeph rerplepgrol A BEEH an or

sorbi tan Iaury|phastee @UGCIFHEWIWWSQKE@@W@M@GS@F 130-140 C wit h stirring.
After conpletion of Prelupteldevelgped: thes o whichrtalwasdvaniage eff plant tsteeols fior 1 i n

gngogdgegog 0 Werbdicidphithe dveE bfathobddRty], B&pebially cubmﬁdeéeefolsﬁﬂ 'Bldoag adé

rp

7,000 psi wit hnaagEr °‘§9‘§“ a&%’r@ﬂm em%ﬂ&h&i%ﬁ'géﬁ 2 aﬁ %%%1640 16
(M crof | ui di zer IVﬁ RiHR-yj HieE &5e mpinly o BRSO SPLSFR ORUEISEE 1 he
amount s of0pl ari¥high é’@é’! sterglcare bended de, Eajty agids @ia estpndinkegeni t Biese podyets est er
used, specifyi rage wpetttto ba nivirg bfgrties wherchelngruserbini combipagiom wish statimdrugar r i ed
out or not. TAHbFhyperchblestbrdtiniDh@icats SUG6WSRT, TheSitbdictFohfinat Sinpdfedtaur v

Fohal S SR g e o

done453. 0361. 214500 gxehegnppde to provide plant sterols i in beverage forms.
done6252. 8%. 75380TSyAk Pomsemiat sterolsae mreringly selsbls ipwatps gostafbripyegreme 5 The
sol ution of No.fofdnd devehipee tBuswés saffed framcithe cdisa;iwnta'geé of dhieihg phos titi itheit | on

anmd CL heI rtesul B i v EilbilItE Bf | ran{f &Qllofs facking|dow pr aid &fpIByiny IRge

u mul atl ve

S e i i, A %ﬁ?ﬁ% s il o
Cesults of the avﬁnﬁe?%sawowo ased Togus rof blapt, steEplp cfos elfent nkibopaPT 1 o

those of RB. 1 chplesierol Rbsprision on acaqunt of theie slowseilizationoratein vivorafoehe, t he
anal ysi s resul tplantfstdrbie shawtvery eoar dispirsiem stabilifygdoethat abdiying. proce¥¥Did21 28204

17 required to remove the solubilizer used for dispersion of the plant sterols, such as
water, to provide plant sterols in powder forms. To circumvent these problems,
various solutions have been suggested, including pulverization of plant sterols into

35 fine powders, addition of at least two different additives, and use of high-pressure
homogenizers (5,000 psig).



TABLE 5 Parkicle
Si ze(unCunul ati ve0. 09613. 670. 12749. 400. 15369. 390. 18477. 610. 22289. 070. 29495.
220. 98599. 892. 08100. 0 PCT/ KR0O1/ 01640 For purposes of reference, analysis
results of the particles of Nos. 4, 6 and 8 in Table 3 were simlar to
t hose of NWO®28éwn in Table 5. The plant sterol di sperPSTaRIIBI6Epared in
Exanple 1 (Nos. 2, 4, 6, and 8) 5 were neasured to range, in transmttance
at 700 nm from®80.0 to 80.5 % E~~AMPLE 2 In a vessel, plant sterol
(sitosterol 75% canpesterol 10% stignmasterol sitostanol 15% and sucrose
stearyl ester (HLB ~ 11) and/or sorbitan lauryl ester (HLB 8.6) were nelted
at 130-140 Cwith stirring. After conpletion of the 10 . nelting, the
solution was starred further for 1 mn and added to water (80-90 C
containing I g of sucrose stearyl ester, Bollowed by stirnng at 6, 8p0-7, 000
rpm for about 10 mn. The resylting solutjon_was.treated, at 7,000 psi with
a high . pressure hoﬁﬁg%‘ﬁ’f‘u‘ﬁ‘r‘*h‘( O%sof | VAT, 8F Wi“}.’ S a%ﬂﬂeﬁ g?rﬁi%?cs) in
one pass. Tabl ecoeployedtte sohwbiligarplant Stesols.p| AgrordingfolU. S Ret.oNe 892%H962 ester,
and sorbitan | asitoyteroll banclsd edsily divgersiptasoully iforgnatibe bf aticelled frgin- v exganic e
nglﬁ%egl Zi ngppf@gﬁ%ﬁ d’fafigﬁt%fc;l.or?ﬁﬁi boeSd bnd t%é/\&igﬁvaz%%ﬁ%l?@%&malﬁémo 18
. Plant .St er uer ose . s est er S0k Iy
L2OH gh- pr Sssur BRERE B AFIFARR ST a0 RO R %é%é"fvlo%ﬁa??%ﬁwgﬁaﬂ“ to
153. 0361. 214500R8¢ afbfayep 5 3o Mstanoe, dagy apamtites of solubitizers op grisibiers have

donel4252. 51. 75@00ifvoedbi dflugmg2on tesade Sfithe fund edible-pRguety . Irp adgition, 2. 1249
~_ 5009_ ~ Doneorddhic Sodvents, Michfard\@enefhlly undiifable for wakSinfoedsy aRg rém@binparticl e
size and the rqﬁy]g;%uére given in Table 7, below. TABLE 7 Particle Size

1

um) Cunul at j ve0. 09 10, 12752200. 15368. 720. 18476, 410. 22285 . 29492, :
8509, 354. 89100, 0 5 FAFCHF e gt PUPUIoR oA oo pethod of Sppamgatint
particles of Noderols into mmcelles with g pizerabhundgedsof aanqmaters Whigh impre¥esdhe No. 9
shown in Tabl e bicavhitebilitg of aparingly ddduble plantnstérals| basGpropenaloas atopsitionalifgul t s of
the particlb arfdghoth thakirhahlo®dBperd®d sawility. WO 02/ 28204 19
In accordance with the present invention, a great improvement is brought
15 about in the bioavailability of plant sterols, giving rise to a decrease in their
effective dosage. Further, a clear dispersion of plant sterols is obtained without
affecting the characteristic taste and flavor of beverages of interest. When being
applied, the micelles of the present invention are so small in particle size as not to
be bristly to the mouth. Additional advantage of the present invention is that
20 cholesterol-reducing beverages can be prepared irrespective of their pH and
compositions.

Useful in the present invention is a plant sterol selected from the group
consisting of sitosterol, campesterol, stigmasterol, sitostanol, campestanol and
mixtures thereof. Additionally, other plants sterols ¢an be used in the present

25 - invention,’ ' '

Examples of the ¢1ﬂulsiﬁers that can disperse plant sterols in a form of
micells with a size of hundreds of nanometers or less according to the dispersion
method of the present invention, include sucrose fatty acid ester, sorbitan fatty acid
ester, and polyglycerine fatty acid ester. Other emulsifiers than sucrose fatty acid

30 ester, sorbitan fatty acid ester, and polyglycerine fatty acid ester were found to giye
significant amounts of particles with a size of 1 micrometer or larger as measured
by various experiments, In practice, the other emulsifiers showed such low
dispersion stability as to produce precipitates within three days after the dispersion
of plant sterols therewith. Accordingly, the emulsifiers except for sucrose fatty

35 acid ester, sorbitan fatty acid ester and polyglycerine fatty acid ester are virtually
impossible to apply for the preparation of beverages. Excellent as sodium
stearoyl lactylate is in dispersion stability, its use or amount is strictly prohibited




. TABLE 8 PCT/KRO /01640 Particle

Si ze(,tnt)Cumul ative0.09614. 500. 12748. 240. 15370. 680. 18477. 920. 22290. 610. 294
96. 740. 98599. 851 .8900. 0 For purposes of reference, analysis results of the
particles of Nos. 12, 14 and 16 in Table 6 were simlar ~to those of No. 10
shown in T3 @28204The pl ant sterol dispersions prepared RGT/HBOZMSHE 2 ( Nos.
10, 12, 14, and 5 16) were neasured to range) in transmttance at 700 nm
from80.5 to 82.5 % EXAMPLE 3 In a vessel, 5 g of plant sterol (sitosterol
75% canpesterol 10% stigmasterol sitostanol 15% and 4.25 g of

pol ygl yceri ne nonostearate (HLB 12) wexe nelted at |30-140 C wth stirring.
After conpletion of the nelting, the 10 nelt was stirred further for 1 mn
and added to 490.75 g of water heated to 80 C, followed by stirring at

6, 800-7, 000 rpm fox about 10 min. The resglting solution was treated at
7,000 psi with a high-pressure honogenizer (M crofluidizer MUI1OEI-]|1I,

M crof | ui di cs) Bynlewrhecanse is safety is metsamarantepd. o fhgsiitiqnplly, éh%PﬁlélS%ah%F?s bef ore
t he hi gh- presswharadt&udmonﬁ‘gﬂivebdnrl on were the same as in Table 4 within

al | owabl e experinen coﬁ&ersprﬁh%eﬂ@ﬁé@ﬁ@d&@&ubiéeﬁweﬁhoﬁamowﬂaﬂe@feﬁ)lé ound in
the particle S't%ebeaﬁﬁﬁ&g 4t QMS#E Jt xﬁJnd{é steré‘ﬁ &Eﬂs”&”kﬁé %rghﬂ&s’m&“er the

hi gh pressure hQnog

hi gh- pressere KoREGLR 1%?‘1“‘ %°%%%F%$WP 2’ lﬁpﬁrsfqnaﬁé’ﬁqqﬁtﬁf?&% at 700
nm from 80.0 tfor 8t Hader nggr. EﬁWLeEIemmqngasuve;wsgtty agid gstefs ant these theker of
(sitosterol 75%avearhyémbkiliollypbphilic Haliagiea@EI®)olaluei dfok bihigher smemmm 25 ¢
EL Pﬁlnygl X?fre'r %maplamﬁ&@ ﬁe?%bg]ﬂﬁng ?sl) s&'bﬁamﬁ&yadd@&teﬂsgﬂ« @awam

PCT/ KROL/ 01640 1 Rk 0?38 17 o8 aifie idhhentd Hio 10/OA336 igfi“"25 g of
wat er (80190 C)“@cﬁﬁfeéﬁ: ther 1B yalugs prefiesablyrange; fam 4B 40,20 and woee PrP%r% d by
stirring at 6, &89a 7200015 piBuérose fabty cid] Esters prodhibe smelfer| partidessaid mioon was
treated at 7, OQQ Enedid ﬁhr@cl@élﬁﬂ'ﬂﬁtﬂb‘&ibh%me BihdLémilbiersOdokibiiaelifaey
ML1OEHI, M crofgl, gffh 0§ olgggceﬁﬁé Zat‘%amd Eﬁ'&%‘l ] Jdﬁﬁﬁ'gh E&e' Gles Sinfi

analy5|s bef or enr zati on r sanme_as ipn Table
7 within all o r?éﬂrt al eP?’E?F% 098 SSUERR f?%é eétgrsl AeTie 8 were
found in the p@mfbreble SI ze analysis, within allowable experl nmental errors,
after the high-pr ess[rrﬁeklrspngemoﬂablpmsentﬁwmmnaﬂlcmgrtmhoobfsqmtsﬁemﬂs after
the hi gh-pressyg %tmmamg@ld@a otipo Uﬁdﬁuﬁ&ﬁefeﬁabﬂ)aﬁgﬂe rahge $f 1RO t t ance
ROt A e
EXAVPLE G 15 1 510? ﬂ’ggﬂ?"é ﬁB%Si p‘éqgégh"FYF e‘ﬁ@pf’ J?fil WS (o 4
was dilut2@® w mdmw@ﬁe@mﬁdgmm@n@@éus@q largecy wnmﬁmlwemgmp

consi sting of wasiee, Qunitcetteearaifabe weightratiatxmdedirlionths resuitingheverage ni | k,

drinks made of a%xﬁfeﬂ%he @adopme%u&@ml Bdin, do@lféthe%ea%fgh@inoadne ReMEier
prepared in Ex

WP tagaﬁR&uZ (0 ARG Ka1208 51 ot oo
f h F th ‘% . el ect
e e e kel Al S o R L W ™

resul ting28¥li | utveaighs @p desagesedan thQaWékﬂhb‘gf the e@klﬂﬁeéad@u@jl Sthoplaiteseltles i n
thirties and f andipesferaf§ af &meighsratio of Bisrdriles (Brd 80 3% biy ewight Or lesshradr i ed

L g\r/rglr :32 ‘Eg{agwwlréhot&%?ea{wﬂﬁﬁwngﬂﬁﬁW'b?ﬂvméhi}hﬁaﬁeﬁﬁidﬁﬁﬁﬁﬁ:@%mg la mjce
10, 2 5 bel ow. %%&%th&gg \égaﬁlg fh%%jams ge{@g “Iflmﬁgr%gr\ll)gﬁtl on§1 t%lpll(?g good

as Convent i onafrelefy ‘feE’elPWoxer t han Conventional juiceNo. of ersons9~
401Per cen3%118‘%80%?% Vanjgds 0sguess Ot veragysKeaol bmeaﬂ)m the present invention, as
exemplified by water, juice beverages, carbonated drinks, milk, soy milk, drinks

made of grains, other popular drinks such as coffee, green tea, Polygonatum
odoratum var. tea, and so on, and an alcohol drink.

In accordance with the present invention, plant sterol and an emulsifier are

35 admixed at 60-200 °C.. Preferable heating temperatures of the admixture fall

within the range of 120-150 °C. When the admixing is conducted at less than 60

°C, the micelle particles have a size of from tens to hundreds of micrometers,




21 TABLE 10 Taste Test Perce tionStrongly a eeAgreeNeutral DisagreeStrongly
di sa aSour2630111Sweet 134321Bitter012542Bri stl feel 000347 Wien testing

ot her beverages, results simlar to those of Tables 9 and I O were
obtained. 5 EXAMPLE 7 The beverage prepared in Exanple 6 was stored for 1
year or | oNye02/28¥4a refrigerator (4 C). Separately, the MIMRBEKE? age was
treated at 90 C for 4 hours. Not only were the beverages observed to

mai ntain a normal dispersion state, but also no other abnormality was
detected. . 10 EXAMPLE 8 In a vessel, S g of plant sterol and 4.25 g of
sucrose stearyl ester (HLB 11) were placed and then nelted at 130-140 C
with stirring. After conpletion of the nelting, stirring was further
conducted for 1-2 min. To the solution thus obtained was added 490. 75 g of
an aqueous beverage sel ected fromthe groyp consisting of ~15 water, juice
beverages, carbonated drinks, mlk, soy mlk, drinks riiade of grains, and
ot her popul ar ohwgoorméhwfqeh%@em aywelhas in hicevailebility Qui the othesubj ect s
(20 mal es in tHiantj es admdxibg rtehpesstu® Chiflenethas 200 WChidedatess thederhulsifiees, 10

gggg; ;. gd ; e;rﬁltgza e lﬂitgﬁﬁ‘dl’isysull%ﬁblelab’at%ﬁB&%m&E‘JfQS@bc0” As a teste ven
in Tablges 11 an qgg-gl Y?‘ kfog{?v%gg\%ﬂbg ?é%%a@g%{%‘g‘ﬁﬁg#ééwg ‘Ilegt
PCT/ KRO1/ 09640 sifip %éi‘ﬁt‘-‘edﬂ\ﬁb%ﬂeéﬁ’a? of g - sifier, nlsPaos FrsRLcsHER

' ui cePoor er t harsc@smesultingimagettling the Nanbsterel mmm 8 siz¢ sangin@ofgi/el %
TABLE 12 Tast e témsib hub@edeoflmiofobletedd) gLy the peesbgriaeshaod, intdsveaesencbivapngl y

Di s eeSour 35311QLowe ool Rddiatitht thd %%ﬁﬁ%ﬁﬁénsfo!f eﬁlﬁﬁ's@é}%fwcéeréo VBeiauahger
beverages wer e tes%eeddﬁhresuéltés Si {i? unrm%‘ lﬁapogftg?s f‘re‘?‘ ar R@ Were
}s I

obt ai ned. EXAMPLE ées\/‘gl » 143 O

and 4.25 ¢00f JBiepe reseashs it wag tfoyn ﬁEt EF“H ificgtignacqpld pe guagimi a’e Cwith

stirring. Afterpldd steootpind tan emutsifier lsechnes|suemsg, fagy |ac1d|estgrsymb1tamfm(:acad1

Iurthertfor t1 ?esfékeﬂ paﬂj@ Mmmou&dneétérstbusltpbﬁm@@dwasmeaom aﬂeto room
enper at ur e o |

EXAl vl PLE ~10 g t:F’ °r§%ljrtg§ r)llﬁng“egx ‘H&d’\{% St%gﬁl &h fo A | ting

poi nt of 15 12% @ a%ter 48 @ neaneifs PRIt fSites ‘?‘ﬁs¥ (h

( El ect r ot Rér malcagipestyrol: EobaNPIS7 1‘_‘@, stlgmasterol about 170 °C) to bnng the two
components into liquid phases before mixing,

Together with an aqueous beverage or an emulsifier-containing aqueous
beverage, the heated admixture of plant sterol and emulsifier is stirred at a high
speed. The emulsifier added to the aqueous beverage is preferably identical to

20 that admixed with the plant sterol. However, a different one may be used if they
are compatible with each other. The weight ratio of the plant sterol to the
aqueous beverage falls within the range of 1:10 to 1:10,000 (w/w) and preferably
within the range of 1:10 to 1:100 (w/w).

Examples of aqueous beverages usable in the present invention include

25 - water, juice beverages, carbonated drinks, milk, soy milk, drinks made of griins,
other popular drinks such as coffee, tea, and so on, and alcoholic beverages, with a
preference for water. In case that water is employed, the dispersion of plant sterol
obtained by subsequent high-speed stirring and homogenizing processes may be
further diluted with aqueous beverages such as water, juice beverages, carbonated

30 drinks, milk, soy milk, drinks made of grains, other popular drinks, and an alcohol
drink to afford desired plant sterol-containing beverages.

Resulting in homogenous particle size distribution, the high-speed sti}ring
or homogenizing process is industrially important in terms of constant quality of
products.

35 Alternatively, plant sterol may be admixed with an emulsifier and heated
at near the melting point thereof, and the melt is cooled to give a solid which is
then pulverized into powder. By simply adding the powder to aqueous beverages .




9.25.g of the powder prepared in Exanple 5 or 9 was added to 90.75 g of
wat er heated up to 80-90 Cwth stirring at 6,800 to 7,000 rpmfor 10 m n.
WO 02/ 28204 23 EXAMPLE 12 PCT/ KR01/ 01640 The solution prepared in Exanple
11 was processed at 7,000 psi with a high-pressure honogeni zer

(M croflui YQe¥2810EHI, M erofluidics) in one pass. EXA¢WER0BIA0 100 g of
the dispersion prepared in Exanple 11 or 12 was diluted with 400 g of an
aqueous beverage sel ected fromthe group consisting of water, juice
beverages, carbonated drinks, , mlk, soy mlk, drinks nmade of grains, and
ot her popul ar drinks. EXAVMPLE 14 10 9.25 g of the powder prepared in
Exanple 5 or 9 was added to 490.75 g of au aqueous beverage selected from
the group consisting of water, juice beverages, carbonated drinks, mlKk,
soy mlk, drinks. made of grains, and otherqpopul ar drinks, and the
dlsper5|on was stirred. at 6,800 to 7,000 rpmfor about 10 mn. EXAMPLE 1 S
15 The bever age®hcayliticaconaimpg bvarages, \Rlant psteroleaisining tEveraeesysin et h a
hi gh- pressur e hpwpgehi z &vex NMquoidofformisditharefoid] 1iiforder fotras off| additives) hive one

pass. EXAMPLE | ﬁivgéfieﬁem%ﬁgﬁﬁy RfcCEvederit o adle] RiSrel dafdhs! nﬁérovgiﬂsrﬁt oxed

at room terrpera&y1 %54*89"%‘5"’8%@&9‘2’9&“"3?”\,“ &foﬁlvg&g?\%%) for 1
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Cinical Test evAfbrafet 2Ha0fee2e ditédl bKkfray-dd&di € Arddave amgqudons plant Biefsll tests

was obt ai ned byi&vmepl "l 14 che pSvERES SpfitdOlo M@em?s BévelRgaTR] frodidi fuihecof f ee,

m |k, or green the nethod o Clini cal
subj ect s: 45 per%gln%"%s dll’l ngéﬁ%r om sl |r%ht hyper | i | deznl a 5 TABLE 13

Condi ti onst%f i ni c&n G‘B"E‘E?so pRlpy ek apd Gé‘ﬁréf%er Hraped. estepnihich is -
30Age (year)56.&mﬂﬂmbM@lxmaeia@SﬂmWR@f,mﬁ§QWQmammmt | deall
Body Wi ght {P1E\d) ﬂh@h&ﬁéssti‘a 686 génddingSprobéds GRobadused in ﬂlﬁ@él’dérzﬁﬁglﬁe?h
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' ﬁgﬁ%%elﬁ%ﬁwégwﬁ%fs APt epaie S8 G
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ai ling witl sl iGrresHifingsplntion ehing rispApes incteasg iyt mmﬂa#rttﬁtml fWhﬂE:l | ni cal

Subj ects Total domventioral (EQalsificaGon Gro@3s 4praduteei disperplons64hRBf stidv 58Tot al

Li pi d (9g)40. 12t trahémBfaded atr7ab Qech &4 48116ty 8D 18 D6, kBe nethdd B difid RV 18E pfedEht 135. 82t
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20 with the aqueous beverage, the admixture of plant sterol and emulsifier may be
added to the aqueous beverage in the form of a hot liquid phase or a solid phase
cooled to room temperature. In the former case, the aqueous beverage is heated
to 60-140 °C and preferably to 70-90 °C in order to enhance the emulsification
efficiency. Optxmal for the direct application of the ].quIJ.d phase of the admixture

-25 to beverages is 80 °C. Particularly, the heating temperature of the aqueous‘
beverage is preferably set to be similar to that of the admixture of plant sterol and -
emulsifier in order to make the micelle particles small. Upon emulsification in
water, pressure is needed to raise the temperature to higher than 100 °C. For
example, about 5 atm is required to emulsify the plant sterol admixture in water at

30 140 °C. )

After.stirring the mixture, nanoparticles are formed. In this regard, the
stirring is conducted at 5,000-10,000 rpm and preferably at 6,500-7,500 rpm for
about 10 min, 90 % or more of the micelles obtained after the stirring process
were measured to be 300 nm or less in size. In contrast, the micelles obtained

35 under the same conditions, except that the admixture of plant sterol and emulsifier
is not heated, were measured to range, in particle size, from tens to hundreds of
micrometers. Therefore, these comparative measurements demonstrate that the

al cal

subj




.15 Step 1: 1 bottle of the beverage per day fromweek O to 4 Step 2: 2
bottl es of the beverage per day fromweek 5 to 8 WO 02| 28204 25 Step 3: 1
bottl e of a placebo per day fromweek 9 to 12 PCT/ KR01101640 3-2 Test Gxoup
2 Step 1. 1 bottle of a placebo per day fromweek O to 4 Step 2: 1 bottle
of the bev#3g829ér day fromweek 5 to 8 5 Step 3: 2 botRAT&RYP16¢he
beverage per day fromweek 9 to 12 4. Results 45 persons (nale: femal e =15:
30, Avg. Age: 56) conpletely followed the instructions and conditions of
the clinical test. At the beginning time, the clinical subj ects were
measured 'to ingest 11. x 2 g of saturated fat and 135. 8 ng of 10
cholesterol in daily nean diet. Tn both the placebo-ingesting test group
and the 8week plant sterol-ingesting test group, therapeutic effects were
observed in ternms of total serum chol estegel (p=0.039) and LDL-chol esterol
(p=0.036). In these groups, the period effect and carry-over effect for
serum i pid | evRIPesy @fd?ﬁ?ln%m’ésiteé? ofnd Aw pmulgifier; gndy mixing ther) iasyesy ol |

LDL- chol est er ol impestarg iwotforating i ehomsticles. 19n sadyiitidni carttigh-ggeed rstifnge st i ng

pl ant sterol f oxontbgdMeiks prdcBe ik di‘tﬂﬁtin\ﬂﬁkﬁgmuﬁﬁémb £enbes deseqasad in
total serumch eedgg Pg eevel by 4.38 %(p 039) and i1 n LDLchol esterol

| evel by 8.28 % linic subj ects, erHers ns vxg
decreased Pn tot aI %Pgllnl&&fg’ﬁenﬁ?° otheregomponsnts, Y 899 Ber sons
were decreased ¢nwﬂ1M-@ncb|eé)§<mhbmtq bepeqgepspus gonfacywith epele pthge while being

Concl usi on ' Hympeltedhsd that theaheeliad apabbtainéd with wl dzecoff Imyndidde of @dnomiatarn i n
total serum cholmstigs Oémxlﬁﬁ&iuoﬁnd CoRlnsy@) @84 REGbnal Q\é&imdﬂ@@ntﬂen St Ng t he
pl ant ster ol cont al wagﬁ gr\éf'or 9&8%1? P%r&l{u@ﬁ?rﬁan cf| i%;% lgr i3 \A\@%Jl(s Thi s

reducti on _effec o% al Ney w dietary
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pl ant sterol nanopar tifiet the stirrngfpyocess athpmopenizivg Plgpcmllsnwéqutoamllvm@rol and
at | east one enaggfegited micetles: CtTEL Rongedifiag grocess sy cintigedwith derade fatty

aci d esters, SOJth'}L%d‘ Fe%ﬁ&eyhcﬁﬁdg@m%&t @Eakolﬁﬁﬂlé}q%glcl{ﬁ?%tﬂ% réfbfedceot d
esters and dlsloeﬁ”&é #Jre L3 an a ous sugstr % n 30
accordance with Pg?sé%fsrkm?‘?%%’ﬁ?ﬁ o] r Ee Ui ?q’lg}h%everage
of the pré8ent miscliastare hompgamized at ?H@Sﬁﬂé@fﬁtqoe'@&polmtEfsdtPrﬁ@Fa bh#ll &st er ol
and bi |l e chol espiressure Jof 7800-3 0000 phicn 8 bomogentret. e Aftar this prweess, 95 ¥ caomoe dance
with the pr eserﬁfthezﬂi&lﬁamagémzéwa@ﬂe&ﬂ@d/t@wm:inweleﬁsiiﬂeize.m cell es of
plant sterol can be fgg fthrditn il ﬁsﬁ&txm@md%egm Slefol Ghd kPSS

3ol
W thout using of ngc r?lg'%’r’% gﬁ %t f‘&ﬁlfle ltéérea@d 2 %gd"ﬂafrtstﬁg% si ze

beverages. Sinc
of hundred8 of HeNWAHR e¢09r4§ncq with theynresentiiavention ledletgdjwéh juge beyerages,
bi oavai | abi | i t yearbondteld ddinksywailk, spy milk, drinks madsefigrains; ot bthempoppler drinks to
stability of thgfopd ddlredplantdterblcontaindsy bersrafdse ﬁfﬂh@@tbwéra@’soﬂxeﬂﬁd:dﬂgs t he

life span of thgyub g‘f’%ﬁ?e%zg?&a{ﬂﬁa@t% : étgkg hﬁ@@&%&e‘ﬂ Qéﬁ&t omﬁ}'ﬁrmés for a

| ong period of tine al |

bever ages i rresHEERISe 2B o WIS %E@gv”élﬁg'? H@ ’ﬁ‘gu?rﬁzﬂ% % on the
characteri8tic qhargetenseﬁ@swlaad@ﬁvqw thnbevseager ages, the micelles 10 provide
good nout h feel enougldditiondlly, dlepbéevethgesoaabididg trd sheopresent drowestidrede mages.

WO 02/28204 27 &u&g&fﬁyﬁ’%m& S 48erbeing stRéd G fefigerhici HREaubs e plaant
sterol, conprisidg Lhenst 8RS; FOJCB% c;;g]%e l'uﬁ aguﬂﬁ]ép ﬁe“?ﬁntogerg | ant

sterol and at Iea one enul si
sel ected from tq%’@egfls t%ﬁﬁ%‘i“rfg‘l’srs’(?fls "ﬁ@?edn%@f’é?a iitg o %% or bi t an

fatty aci aOeste}féhemﬁ@ﬂustsﬁqrgllymmn@fmtty aci d esters conbi ni ng the nol ten
m xture wth an aquedAuistieweicatmding of theepredest mventmnmnagnbeia’:gainmiedight

beverage; and of the following examples which are set forth to illustrate, but are not to be
construed to limit the present invention. In the following examples, particle size
distribution was analyzed by use of Mastersizer (Malvern Instrument LTD., UK).

35 COMPARATIVE EXAMPLE 1



.Sstirring the conbination at a high speed to give a di spersion of plant
sterol 10 in the beverage, whereby the plant sterol can be dispersed into
particles with a size of hundreds of nanoneters or less. 2. A nethod for
di spersing plant sterol, conprising the steps of thermally nelting an

adm xture WOQI2830¢ sterol and an enulsifier at 60-200 1PCTKRIHPE4®knUl sifier
being selected fromthe group consisting of sucrose fatty acid esters,
sorbitan fatty acid esters and pol yglycerine fatty acid esters; comnbining
the nolten m xture with an aqueous beverage or an enul sifiercontaining
aqueous beverage; and 2 0 stirnng the conbination at a high speed and
honogeni zing to give a plant sterol-dispersed beverage, whereby the pl ant
sterol can be dispersed into particles with a size of hundreds of
nano~neters or less. 3. A nethod for dispaising plant sterol, conprising
the steps of 2 5 thermally nelting an _adm xture of p|ant sterol and at

| east one enulsifier atODGdlt"EO‘GSSGl was pdded A00 & off watewhigh was|then kegteltom t he
group consi sti naboot 8G&EC.r a5 e of atany sterol (sitesterel 23% scantpestenol fl 6! ytignwistiradst er s

and pol ygl ycer i 4i@sthadl 1 5% ead .25 § 6F ﬁwr&@@tbara@ ebtBeHNB11) Wereadd@d fodhe hot
pul veri zi ng ’thﬁatép!félvaJeﬁbg's&%ng |erco ggtge%d%fﬁ‘ﬁﬁ@ﬁrﬂwq%&%r RPyder with

an aqueous bev and
stirring thRe coﬁlﬁ Ha&'{’l?lﬁsna‘ﬁf r‘;gtaﬁf' H”e§?) Ve® &n‘gﬂ’i B EVGR Ber sed

bever age, WO TableoB belawp g PCT/KRC&/OlC~4O wher eby the plant sterol can be
di spersed into particles with a size of hundreds of manoneters or |ess: 4.
A nethod for dispersing plant sterol, q@ampgiising the steps of: thermally
melting an adm xture of plant sterol and at | east one enulsifier at 5
60-200 C, said enulsifier berrg—selectedirormthe—grappyconsisting of
sucrose fatty acid esters, s.or Faric] ﬁ$¥%ﬂﬂu,ak Cmlatiye % 5 ) pol ygl yceri ne
fatty acid esters; cooling fhe meP988q a solid, H verizing the solid to

gi ve a powder, and conbi ning _the er witlh anl3dliegus beverage or an

enul sifier 10 containi ng acqueous BeSerage: land $Ri52nng fhe combination at a
hi gh speed and honogeni zi ng| to gi \3&3la pl ant]| st ers8R23di spersed bever age,
whereby the plant sterol can be digisersed ijnto gaseicles with a size of
hundreds of manoneters or less. 1%43y The thog7as set {forth in any one of
clains |~ to 4, wherein 95.0 % or ggy € of tjne pasBpcles|have a size of 300
manoneters or less. 6. The WETNOO{E§ISer TOrTN Ighgflal mS, wherein 99.0 %
or nore of the particles have = 5!2{9'207 3 MENMQREBEETS or less. ' 7. The
nmet hod as set forth in clai - ot 7§56|u11n CUiIQUdObi mgjthe step of 2 0
dryi ng the dispersion to preduce—agteous—ptant—sterot——powder. 8. The
"method as set forth in claim7, wherein the dryin step conpri ses
evaporating or freeze-drying orC WA@% %e met hod as set forth in
any one of claims 1 to 4, wherein the pl ant sterol is at | east one sel ected

frfmthe !ngr oup consi ghé g @‘Eli%'pi Eﬂé&fi@bo % 1e12~e5 t&hieﬂmﬁsc‘é)em%

SI T OSt anol yan C ho Ee S%& 5 dl Mc%fml es erein
t he pl ant stercffs I h@%{ms Eﬂ]{@ Jret ne of
claims 1 to 4 Weibedas ﬁé é%‘}ed’éésf Flmw%gzl 28204

29 PCT/ KRO1/ 016%eye analyzed for size and the results are given in Table 2, elow " The resultmg
d1sperswn was measured to have a transmittance at 700 nm of 0.16 %.



12. The method as set forth .in claim1 |, wherein the sucrose fatty acid
ester has a hydrophilic lipophilic balance value of 7 or higher 13. The

nmet hod as set forth in claim12, wherein the sucrose fatty acid ester has a
hydrophilic |ipophilic balance value of 10 to 16. 5 14. The nethod as set
forth in aWO®R820df clains 1 to 4, wherein the stirring MT&RGGIEONduct ed
at a speed of 5,000 to 10,000 rpm 15. The nmethod as set forth in claim 14,
wherein the stirring step is conducted at a speed of 6,500 to 7,500 tpm
16. The method as set forth in any one of clains 1 to 4, wherein the 10
aqueous beverage is water, a juice beverage, a carbonated drink, mlk, soy
mlk, a drink made of grains, other favorite drinks or an al cohol drink.
17. The method as set forth in claim 16, wherein the agqueous beverage is
water. 18. The nethod as set forth in anyigne of clainms 1 to 4, wherein the
15 nelting step is carried out at 120-150 C.19. The nethod as set forth in
any one of clains 1 to 4, wherein the E2  sterol is.inixed at a wei ght
ratio of 1:0.01-10 with the enulsifier in total. . 20. The method as set
forth in claim 19, wherein | heppliaoSizglmgy ol | ICunidlatihd %at| a wei ght rati o- of
1:0.2-2,0 with the enul sifigr in @Ral.. 2 P ZT ge nethod as set forth in
any one of clains 1 to 4, W ereln‘f@ﬁ SIS rreqlggnlxed w th the aqueous
beverage is used at an anouf 85yt by e gnt3gﬁi| based on t he wei ght
of the enmulsifier adm xed wth ey stetrot 5447 met hod as set
forth in any one of clains f;:z;;zgig‘ hc—“ssg tlerol is mxed at a
wei ght ratio of 1:10-10, 000 = e—pede § be“ rage. WO 021 28204
30 PCT/KRO1101640 23. The npihod—as2ket forthidodfaimp2, wherein the
plant sterol is mxed at a jeight ®3%io of 1-108848 (wly with the aqueous
beverage. 24. The method aslset fdidh ingan& ond641 cLﬂins 1 to 4, wherein
the admi xture of the aqueous_beveri82 and the pP8Af sterol is maintained at
60-140 C. 5 25. The nethod jas set 9#68th in kcl ai O, whlerein the admi xture
is maintained at 70-90 C. 26. The nethod as set forth in any one of clains
1 to 4, wherein the dispersion paymARAENEEXARPEE3at 700 nm of 80.0 % or
greater 27. The nmethod as set forth in claim2 or 4, wherein the
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COMPARATIVE EXAMPLE 4

In one liter vessel, 15 g of plant sterol (sitosterol 75%, campesterol 10%,

cstigmasterol sitostanol 15%) and 30 g of citric acid monoglycerine ester (HLB 8.0)

were melted at 130-140 °C to the clearness with stirring. Thereafter, the clear

20 melt was added with water maintained at about 80 °C, followed by stirring at about
6,800 rpm for about 10 min. The resulting solution was treated at 10,000 psi with

a high-pressure homogenizer, such as that manufactured by Microfluidics,
identified as “Microfluidizer M110EHI”, in one pass. In the plant sterol thus



fromthe group consisting of sucrose fatty acid esters, sorbitan fatty acid
esters and polyglycerine fatty acid esters. 34. The additive as set forth
in claim33, wherein 95 % or higher of the particles have a size of 300
nanoneters or smaller. 5 3S. The additive as set forth in claim34) wherein
99 % or hi §¥E92/28204t he particles have a size of 300 nanorRSIT&RWOIERI | er .

36. The additive as set forth in claim33, wherein the additive is in a
formof powder. 37. The additive as set forth in claim 33, wherein the

adm xture is heated 10 ' at 130-140 C. 38. The additive as set forth in
claim 33, wherein the plant sterol is at |east one selected fromthe group
consisting of sitosterol, canpesterol, stignmasterol, sitostanol and

canpestanol . , 39. The additive as set forth in claim 33, wherein the
emul sifier is sucrose 15 fatty acid ester.;s40. The additive as set forth in
claim 39, wherein the sucrose fatty acid ester has a_ hydrophilic |ipophilic
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(Microfluidizer M110EHI, Microfluidics) in one pass. Table 3 lists the amounts

of plant sterol, sucrose stearyl ester, and sorbitan lauryl ester used, specifying

whether a high-pressure homogenizing process was carried out or not.

TABLE 3
Plant | Sucrose stearyl Ester | Sorbitan lauryl ester High pressure
No. | Sterol . H;0 | Homogenization
1] 58 4.25g - - 500 Not done
2 | S5g 4.25g - 500g Done
3 | 58 3.036g 1.214g 500 Not done
4 | 5g 3.036g 1.214g 500g Done
5 | 25¢ 2.5¢ 1.75g 500g Not done
6 | 25g 2.5g 1.75¢g 500 Done
7 | 25g 2.126g 2.124g 500g Not done
8 | 25g 2.126g 2.124g 500g Done
5 The solution of No. 1 in Table 3 was analyzed for particle size distribution
and the results are given in Table 4, below.
TABLE 4
Particle Size(ym) Cumulative %
0.096 20.35
0.127 52.19
0.153 68.49
0.184 C 75.29
0222 . .85.33
0.294 91.52
0.985 99.21
5.27 100.0

For purposes of reference, analysis results of the particles of Nos. 3, 5 and
7 in Table 3 were similar to those of No. 1 shown in Table 4.
10 In the case of No. 2 in Table 3, the analysis results of the particle are
given in Table 5, below.
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Particle Size(zm) | Cumulative %
0.096 13.67
0.127 49.40
0.153 69.39
0.184 77.61
0.222 89.07
0.294 95.22
0.985 99.89

2.08 100.0

For purposes of reference, analysis results of the particles of Nos. 4, 6 and
8 in Table 3 were similar to those of No. 2 shown in Table 5.
The plant sterol dispersions prepared in Example 1 (Nos. 2, 4, 6, and 8)
5 were measured to range, in transmittance at 700 nm, from 80.0 to 80.5 %.

EXAMPLE 2

In a vessel, plant sterol (sitosterol 75%, campesterol 10%, stigmasterol

sitostanol 15%) and sucrose stearyl ester (HLB 11) and/or sorbitan lauryl ester

(HLB 8.6) were melted at 130-140 °C with stirring. After completion of the

10 . melting, the solution was stirred further for 1 min and added to water (80-90 °C)

containing 1 g of sucrose stearyl ester, followed by stirring at 6,800-7,000 rpm for

about 10 min. The resulting solution was treated at 7,000 psi with a high-

pressure homogenizer (Microfluidizer M110EHI, Meicrofluidics) in one pass.

Table 6 lists the arhounts of plaht sterol, sucrose stearyl ester, and sorbitan lauryl

15 ester used, specifying whether a high-pressure homogenizing process was
performed or not.
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TABLE 6

. (Plant| Sucrose | Sorbitan High-pressure

No. |Sterol | stearyl ester|lauryl ester| H,O Homogenization
91 5g 4.25g - 500g| Not done
10| Sg 4.25g - 500g Done

11| 5Sg 3.036g 1.214g {500g} Not done

12| 5g 3.036g 1.214g |500g Done

13 | 25g 2.5g 1.75g |500g| Not done

14 | 25¢ 2.5g 1.75g |500g Done

15] 25g | 2.126g | 2.124g 1500g] Notdone

16 | 25g | 2.126g 2.124g |500g Done

The solution of No. 9 in Table 6 was analyzed for particle size and the
results are given in Table 7, below.

TABLE 7
Particle Size(/m) | Cumulative %
0.096 19.21
0.127 52.30
0.153 68.72
0.184 76.41
0.222 85.95
0.294 92.05
0.985 99.35
- 4.80 100.0
5 For purposes of reference, analysis results of the particles of Nos. 11, 13

and 15 in Table 6 were similar to those of No. 9 shown in Table 7.
In the case of No. 10 in Table 6, the analysis results of the particle are
given in Table 8, below.
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TABLE 8
Particle Size((m) Cumulative %

0.096 14.50
0.127 48.24
0.153 70.68
0.184 77.92
0.222 90.61
0.294 96.74
0.985 99.85

1.89 100.0

For purposes of reference, analysis results of the particles of Nos. 12, 14
and 16 in Table 6 were similar to those of No. 10 shown in Table 8.
The plant sterol dispersions prepared in Example 2 (Nos. 10, 12, 14, and
5 16) were measured to range, in transmittance at 700 nm, from 80.5 to 82.5 %.

EXAMPLE 3

In a vessel, 5 g of plant sterol (sitosterol 75%, campesterol 10%,
stigmasterol sitostanol 15%) and 4.25 g of polyglycerine monostearate (HLB 12)
were melted at 130-140 °C with stirring, Afier completion of the melting, the
10 melt was stirred further for 1 min and added to 490.75 g of water heated to 80 °C,
followed by stirring at 6,800-7,000 rpm for about 10 min. The resulting solution
was treated at 7,000 psi with a high-pressure homogemzer (Microfluidizer
M1 10EHI, Microfluidics) in one pass.
Results from particle size analysis before the high-pressure
15 homogenization were the same as in Table 4 within allowable experimental errors.
" The same results as in Table 5 were found in the particle size analysis,
within allowable experimental errors, after the high-pressure homogenization.
The plant sterol dispersion after the high-pressure homogenization was
measured to range, in transmittance at 700 nm, from 80.0 to 80.5 %.

20 EXAMPLE 4

In a vessel, 5 g of plant sterol (sitosterol 75%, campesterol 10%,
stigmasterol sitostanol 15%) and 3.25 g of polyglycerine monostearate (HLB 12)
were melted at 130-140 °C with stirring. After completion of the melting, the
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rpm for about 10 min. The resulting solution was treated at 7,000 psi with a high-
pressure homogenizer (Microfluidizer M110EHI, Microfluidics) in one pass.
5 Results from particle size analysis before the high-pressure
homogenization were the same as in Table 7 within allowable experimental errors.
The same results as in Table 8 were found in the particle size analysis,
within allowable experimental errors, after the high-pressure homogenization.
The plant sterol dispersion after the high-pressure homogenization was
10 measured to range, in transmittance at 700 nm, from 80.5 to 82.5 %.

EXAMPLE 5

The dispersions prepared in Examples 1 to 4 were spray-dried to give
aqueous plant sterol powder.

EXAMPLE 6

15 100 g of the dispersion prepared in each of Examples 1 to 4 was diluted
with 400 g of an aqueous beverage selected from the group consisting of water,
juice beverages, carbonated drinks, milk, soy milk, drinks made of grains, and
other popular drinks. 9.25 g of the powder prepared in Example 5 was added to
490,75 g of an aqueous beverage selected from the group consisting of water, juice

20 beverages, carbonated drinks, milk, soy milk, drinks made of grains, and other
popular drinks. The resulting diluted beverage was taken by 50 skilled subjects
(20 males in thirties and forties, 20 females in thirties and forties, 10, unmarried
females) for property test by sense perception. As a test beverage, a juice

) beverage (orange juice) was used. The results are given in Tables 9 and 10,

25 below.

TABLE 9
Overall Test
Better than As good as Poorer than
Conventional juice | Conventional juice | Conventional juice
No. of persons 9 40 1
Percentage 18% 80% 2%
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TABLE 10
Taste Test
Strongly [ Agree | Neutral | Disagree | Strongly
Perception | agree disagree
Sour 2 6 30 11 1
Sweet 1 3 | 43 2 1
Bitter 0 1 2 5 42
Bristly feel 0 0 0 3 47

When testing other beverages, results similar to those of Tables 9 and 10
were obtained.

5 EXAMPLE 7

The beverage prepared in Example 6 was stored for 1 year or longer in a
refrigerator (4 °C). Separately, the same beverage was treated at 90 °C for 4
hours. Not only were the beverages observed to maintain a normal dispersion
state, but also no other abnormality was detected.

10 EXAMPLE 8

In a vessel, 5 g of plant sterol and 4.25 g of sucrose stearyl ester (HLB 11)
were placed and then melted at 130-140 °C with stirring,  After completion of the
melting, stirring was further conducted for 1-2 min. To the solution thus obtained -
was'add'ed 490.75 g of an aqueous beverage selected from the group consisting of

15 water, juice beverages, carbonated drinks, milk, soy milk, drinks made of grains,
and other popular drinks. The diluted beverage was taken by 50 skilled subjects
(20 males in thirties and forties, 20 females in thirties and forties, 10 unmarried
- females) for property test by sense perception. As a test beverage, a juice
beverage (orange juice) was used. The results are given in Tables 11 and 12,

20 below.



< 10% & ()- /K < 10% & ()-
< 10% & ()-
< 10% & ()-

% K sS3vU410< 10% & () -
sS3vU410< 10% & ()- < 10% & () -
0S3vU410< 10% & ()- < 10% & ()- /K < 10% & () -
BvU410<

< 10% & ()- < 10% & ()-
< 10% & ()- /K< 10% & ()-
< 10% & ()-

WO 02/28204 PCT/KR01/01640

22

TABLE 11
Overall Test

Poorer than

Better than
Conventional juice

As good as
Conventional juice

Conventional juice

No.of persons’

6

42

2

Percentage

12%

84%

4%

TABLE 12
Taste Test

Perception

Strongly
agree

Agree

Disagree

Strongly
Disagree

Sour

10

1

Sweet

2

1

" Bitter

4

42

Bristly feel

Olo|—iw

OS|l—=jw|wn
N
w

4

45

5 When other beverages were tested, results similar to those of Tables 11 -
and 12 were obtained.

EXAMPLE 9

In a vessel, 5 g of plant sterol (melting point: 143 °C) and 4.25 g of
sucrose stearyl ester (HLB 11) were melted at 130-140 °C with stirring, After
completion of the melting, stirring was conducted further for 1-2 min. The
homogenous melt thus obtained was cooled to room temperature to give a solid
which was then pulverized into powder.

10

EXAMPLE 10

The powder prepared in Example 9 was found to have a melting point of
125 °C as measured by a melting point measuring instrument (Electrothermal
9200).

15

EXAMPLE 11

9.25 g of the powder prepared in Exainple 5 or 9 was added to 90.75 g of
water heated up to 80-90 °C with stirring at 6,800 to 7,000 rpm for 10 min.
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EXAMPLE 12

The solution prepared in Example 11 was processed at 7,000 psi with a
high-pressure homogenizer (Microfluidizer M110EHI, Microfluidics) in one pass.

EXAMPLE 13

5 100 g of the dispersion prepared in Example 11 or 12 was diluted with
400 g of an aqueous beverage selected from the group consisting of water, juice
beverages, carbonated drinks, milk, soy milk, drinks made of grains, and other
popular drinks.

EXAMPLE 14

10 9.25 g of the powder prepared in Example 5 or § was added to 490.75 g of
an aqueous beverage selected from the group consisting of water, juice beverages,
carbonated drinks, milk, soy milk, drinks made of grains, and other popular drinks,
and the dispersion was stirred at 6,800 to 7,000 rpm for about 10 min.

EXAMPLE 15

15 The beverage prepared in Example 14 was processed at 7,000 psi with a
high-pressure homogenizer (Microfluidizer M110EHI, Microfluidics) in one pass.
EXAMPLE 16

The beverages prepared in Examples 14 and 15 were stored at room

temperature for 1 year or longer, in a refrigerator (4 °C) for 1 year or longer, and at

20 90 °C for 4 hours with monitoring for physical states. Not only were the

beverages observed to maintain a normal dispersion state, but also no other
abnormality was detected.

EXAMPLE 17

Clinical Test
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No. 2 of Example 1 with coffee, milk, or green tea, according to the method of -

Example 4.

1. Clinical subjects: 45 persons suffering from slight hyperlipidemia

5 TABLE 13
Conditions of Clinical Subjects Before Test
Gender (male : female) 15:30

Age (year) 56.53+ 10.28

Body Mass Index (BMI) (kg/m') 25.14% 2.51
Percent Ideal Body Weight (PIBW) 119.20% 12.60
Total Serum Cholesterol (mg/L) 246.12 27.61
Neutral Lipid (mg/L) 145.81% 57.43
LDL-Cholesterol (mg/L) 161.90+ 19.35
HDL~Cholesterol (mg/L) 52.89% 12.54

2. Diet control for clinical subjects: no special diets; low cholesterol diet was
provided for patients ailing with slight hyperlipidemia.

TABLE 14
10 Diet Conditions for Clinical Subjects

Total Calories (Cal) | 1705.9+ 330.49
Protein (g)- 64.26% 18.53

Total Lipid (g) .| 40.12+ 17.26
Saturated Lipid (gy [ 11.12%+ 6.13-

Cholesterol (mg) | 135.82+ 80.13

3. Prescription
Used for this clinical test was green tea or coffee containing 1.6 g of plant
sterol per test bottle. '

3-1 Test Group 1
15 Step 1: 1 bottle of Fhe beverage per day from week 0 to 4
Step 2: 2 bottles of the beverage per day from week 5 to 8
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Step 3: 1 bottle of a placebo per day from week 9 to 12

3-2 Test Group 2
Step 1: 1 bottle of a placebo per day from week 0 to 4
Step 2: 1 bottle of the beverage per day from week 5 to 8
5 Step 3: 2 bottles of the beverage per day from week 9 to 12

4. Results
45 persons (male: female =15: 30, Avg. Age: 56) completely followed the
instructions and conditions of the clinical test. At the beginning time, the clinical
subjects were measured ‘to ingest 11.12 g of saturated fat and 135.8 mg of
10 cholesterol in daily mean diet. In both the placebo-ingesting test group and the 8-
week plant sterol-ingesting test group, therapeutic effects were observed in terms
of total serum cholesterol (p=0.039) and LDL-cholesterol (p=0.036). In these
groups, the period effect and carry-over effect for serum lipid levels (total
cholesterol, neutral lipid, I-DL-cholesterol, LDL-cholesterol) were not statistically
15 significant. After ingesting plant sterol for 8 weeks, the patients were measured
to be decreased in total serum cholesterol level by 4.38 % (p=0.039) and in LDL-
cholesterol level by 8.28 % (p=0.036). Of the clinical subjects, 33 persons were
decreased in total cholesterol level by 9.2 % on average while 31 persons were
decreased in LDL-cholesterol level by 14.1 % on average.

20 5. Conclusion

' Hypercholesterolemia patients could enjoy the reduction in total serum
cholesterol level and LDL-cholesterol level when ipge'sting the plant sterol-
containing beverage of the present invention for 8 weeks. This reduction effect
was obtained from the patents who had taken low dietary cholesterol.

25 "INDUSTRIAL APPLICABILITY

As described hereinbefore, plant sterol nanoparticles are formed by
thermally melting plant sterol and at least one emulsifier selected from the group
consisting of sucrose fatty acid esters, sorbitan fatty acid esters, and polyglycerine
fatty acid esters and dispersing the molten mixture in an aqueous substrate, in

30 accordance with the present invention. The plant sterol-containing beverage of
the present invention inhibits the absorption of intestinal cholesterol and bile
cholesterol, to lower the serum cholesterol level. In accordance with the present
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5 Additionally, the improvement in the dispersion stability of the plant sterol
micelles has the effect of prolonging the life span of the beverage, guaranteeing the
stability of the products for a long period of time. Further, the micelles can be -
applied to almost all beverages irrespective of beverage bases and pH. Having no
influence on the characteristic taste and flavor of the beverages, the micelles

10 provide good mouth feel enough to be applied to all kinds of aqueous beverages.
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CLAIMS

1. A method for dispersing plant sterol, comprising the steps of:

thermally melting an admixture of plant sterol and at least one emulsifier
at 60-200 °C, said emulsifier being selected from the group consisting
of sucrose fatty acid esters, sorbitan fatty acid esters and polyglycerine
fatty acid esters;

combining the molten mixture with an aqueous beverage or an emulsifier-
containing aqueous beverage; and

stirring the combination at a high speed to give a dispersion of plant sterol
in the beverage,

whereby the plant sterol can be dispersed into particles with a size of

hundreds of nanometers or less.

2. A method for dispersing plant sterol, comprising the steps of:

thermally melting an admixture of plant sterol and an emulsifier at 60-200
°C, said emulsifier being selected from the group consisting of sucrose
fatty acid esters, sorbitan fatty acid esters and polyglycerine fatty acid
esters;

combining the molten mixture with an aqueous beverage or an emuls:ﬁer-
containing aqueous beverage; and

stirring the combination at a high speed and homogenizing to give a plant
sterol-dispersed beverage,

whereby the plant sterol can be dispersed into particles with a size of

hundreds of nanometers or less, '

3. A method for dispersing plant sterol, comprising the steps of:

thermally melting an admixture of plant sterol and at least one emulsifier
at 60-200 °C, said emulsifier being selected from the group consisting
of sucrose fatty acid esters, sorbitan fatty acid esters and polyglycerine
fatty acid esters;

cooling the melt to a solid, pulverizing the solid to give a powder, and
combining the powder with an aqueous beverage or an emulsifier-
containing aqueous beverage; and

stirring the combination at a high speed to give a plant sterol-dispersed
beverage, '

| obU4/

410%
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10%
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hundreds of nanometers or less:

4, A method for dispersing plant sterol, comprising the steps of:
thermally melting an admixture of plant sterol and at least one emulsifier at
5 60-200 °C, said emulsifier being selected from the group consisting of
' sucrose fatty acid esters, sorbitan fatty acid esters and polyglycerine fatty
acid esters;
cooling the melt to a solid, pulverizing the solid to give a powder, and
combining the powder with an aqueous beverage or an emulsifier-
10 containing aqueous beverage; and
stirring the combination at a high speed and homogenizing to give a plant
sterol-dispersed beverage, .
whereby the plant sterol can be dispersed into particles with a size of
hundreds of nanometers or less.

15 5. The method as set forth in any one of claims 1 to 4, wherein 95.0 % or
more of the particles have a size of 300 nanometers or less.

6. The method as set forth in claim 5, wherein 99.0 % or more of the
particles have a size of 300 nanometers or less.

7. The method as set forth in claim 1 or 2, further comprising the step of
20 drying the dispersion to produce aqueous plant sterol powder.

8. The method as set forth in claim 7, wherein the drying step comprises
evaporating or freeze-drying or spray-drying.

9. The method as set forth in any one of claims 1 to 4, wherein the plant
sterol is at least one selected from the group consisting of sitosterol, campesterol,
25 stigmasterol, sitostanol and campestanol.

10. The method as set forth in claim 9, wherein the plant sterol is
sitosterol.

11. The method as set forth in any one of claims 1 to 4, wherein the
emulsifier is sucrose fatty ester.
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12. The method as set forth in claim 11, wherein the sucrose fatty acid
ester has a hydrophilic lipophilic balance value of 7 or higher

13. The method as set forth in claim 12, wherein the sucrose fatty acid
ester has a hydrophilic lipophilic balance value of 10 to 16.

5 14, The method as set forth in any one of claims 1 to 4, wherein the
stirring step is conducted at a speed of 5,000 to 10,000 rpm.

15. The method as set forth in claim 14, wherein the stirring step is
conducted at a speed of 6,500 to 7,500 rpm.

16. The method as set forth in any one of claims 1 to 4, wherein the
10 aqueous beverage is water, a juice beverage, a carbonated drink, milk, soy milk, a
drink made of grains, other favorite drinks or an alcohol drink.,

17. The method as set forth in claim 16, wherein the aqueous beverage is
water.

18. The method as set forth in any one of claims 1 to 4, wherein the
15 melting step is carried out at 120-150 °C,

19. The method as set forth in any one of claims 1 to 4, wherein the plant
.sterol is.mixed at a weight ratio of 1:0.01-10 with the emulsifier in total.

. 20. The method as set forth in claim 19, wherein the plant sterol is mixed
at a weight ratio-of 1:0.2-2,0 with the emulsifier in total.

20 21 The method as set forth in any one of claims 1 to 4, wherein the
emulsifier admixed with the aqueous beverage is used at an amount of 80 % by
weight or less based on the weight of the emulsifier admixed with the plant sterol.

22. The method as set forth in any one of claims 1 to 4, wherein the plant
sterol is mixed at a weight ratio of 1:10-10,000 (w/w) with the aqueous beverage.
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23. The method as set forth in claim 22, wherein the plant sterol is mixed
at a weight ratio of 1:10-100 (w/w) with the aqueous beverage.

24, The method as set forth in any one of claims 1 to 4, wherein the
admixture of the aqueous beverage and the plant sterol is maintained at 60-140 °C.,

25. The method as set forth in claim 24, wherein the admixture is
maintained at 70-90 °C.

26. The method as set forth in any one of claims 1 to 4, wherein the
dispersion has a transmittance at 700 nm of 80.0 % or greater.

27. The method as set forth in claim 2 or 4, wherein the homogenizing
step is carried out by use of a high-pressure homogenizer, a colloid mill or a
sonicator.

28, The method as set forth in claim 27, wherein the homogenizing step is
carried out by use of a high-pressure homogenizer.

29. The tmethod as set forth in claim 28, wherein the high-pressure
homogenizer is operated at 2,000-25,000 psi.

30. The method as set forth in claim 29, wherein the high-preséure
homogenizer is operated at 7,000-10,000 psi.
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31. A plant sterol-dispersed beverﬁge prepared by the method of ény one.

.of claims 1 to 4.

32. The plant sterol-dispersed beverage as set forth in claim 31, wherein
the beverage is based on water, a juice beverage, a carbonated drink, milk, soy
milk, a drink made of grains, other popular drinks or an alcohol drink.

33. An additive suitable for use in beverages, characterized in that it is
prepared by thermally melting an admixture of plant sterol and at least one
emulsifier at 60-200 °C and forms particles with a size of hundreds of nanometers
or less when being dispersed in aqueous beverages, said emulsifier being selected
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9 35. The additive as set forth in claim 34, wherein 99 % or higher of the

particles have a size of 300 nanometer or smaller.

36. The additive as set forth in claim 33, wherein the addmvc is in a form
of powder.

37. The additive as set forth‘in claim 33, wherein the admixture is heated
10  at130-140 °C.

38. The additive as set forth in claim 33, wherein the plant sterol is at least
one selected from the group consisting of sitosterol, campesterol, stigmasterol,
sitostanol and campestanol. .

39. The additive as set forth in claim 33, wherein the emulsifier is sucrose
15 fatty acid ester. '

40. The additive as set forth in claim 39, wherein the sucrose fatty acid
ester has a hydrophilic lipophilic balance value of 7 or higher.

. 41. The additive as set forth in claim 40, wherein tiae sucrose fatty acid
ester has a hydrophilic lipophilic balance value of 10 to 16.
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VUHSUR (), -] 01%@)451@@%1 one @B Hier in an amount of 0.0001-48.0% by weight

by which said piant sterol is dispersed in the composition, said emulsifier

(&)

being selected from the group consisting of sucrose fatty acid esters,
sorbitan fatty acid esters and polyglycerine fatty acid esters, and
(¢) an aqueous medium in an amount of 42.0-99.9% by weight,

aleaan

particles with a size of hundreds of nanometers or less.

10
43, The composition as set forth in claim 42, wherein the emulsifier
has a hydrophilic lipophilic balance value of 8 or higher and the
composition is substantially free from an oily medium.
15 44, The composition as set forth in claim 42, wherein 95% or more

of the particles have a size of 300 nanometers or less.

45. The composition as set forth in claim 42, wherein the emulsifier

has a hydrophilic lipophilic balance value of 8 or higher, the composition is

20 substantially free from an oily medium and 95% or more of the particles
have a size of 300 nanometers or less.




