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a conposition conprising an unest }"mmummm.lm"ﬁww and a crystal nodifigs,,
and a met hodvP8¥087%8duct i on of thel . The conposiRGTHFO2/AR He
used for reducing LDL chol esterol concesatsstati on. In addition the invention

relates to a nethod for production of the conposition, use of the
conposition in reducing LDL chol esterol concentration, use of the

conposi ti Qe Prbifct b ASIng Bnéiterified Bbdol onal food product or nedi cament
for the treatnment or prevention of high LDL cholesterol concentration and

a nethod of treatnent or prevention of high LDL cholesterol concentration
whi ch conprises adm nistration or consunption of the conposition. Wthin
the context of this specification the word "conprises"” is taken to nean

"i ncl udes Thapmsgnbinvertiamielaies to 4 eomposiden cemprisiag ananpgerbed sterdand o
"consists of only". It is well known that a high concentration of LDL

chol est er glystal nftRkI6H Aidefmettod fob Procm:_abh effthecongisititns THRA¢ dnlpdsitides
i ncl udi ng heart disease, atherosclerosis, high blood
can be used for reducing LDL cholesterol concentration. In addition the invention
relates to a method for production of the composition, use of the composition in
reducing LDL cholesterol concentration, use of the composition in the manufacture of
a functional food product or medicament for the treatment or prevention of high LDL
cholesterol concentration and a method of treatment or prevention of high LDL

cholesterol concentration which comprises administration or consumption of the

composition.

Within the context of this specification the word “comprises” is taken to mean
“includes, among other things”. It is not intended to be construed as “consists of

“only”.

It is well known that a high concentration of LDL cholesterol is associated with the
problems of serious health risks including heart disease, atherosclerosis, high blood
pressure, and cardiovascular conditions. A typical western diet exacerbates this
problem because it is itself high in cholesterol and dietary lipids that lead to increased

circulating LDL cholesterol in humans. In view of the risk, a diet low in cholesterol is
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pressure, and cardi ovascul ar conditions. A typical western di et exacerbates
this problembecause it is itself high in cholesterol and dietary |ipids
that 1ead to increased circulating LDL cholesterol in humans. In view of
the risk, aWR&00P®% in chol esterol is CONFI RVATI ON COPYPOWERP3033708
PCT/ EPO2/ 07952 2 generally recommended_which typically includes fruits,
veget abl es, and grains, and a ni ni num#f red neat, eggs, and fried food.
Furthernore, it has been observed that consumers generally prefer foods
high in genenalli rgommended aduehsypisnlly megludesdieits; yegatales and graing |andiang
mouth feel, texture, and flavours associated wth these foods. In

contrast, pfihitifin of €8t meatf &gdst and fxgdefoaldl es, and grains appear to be |ess

desirable. In the light of this, there is a need for new food products

whi ch taste desirable, but which do not have negative health

characteristics associated with foods having | arge anounts of fat. In

addition, _there is a need fqr ne foods whi ch cqunter, the negative effects
feo4s s

of a di et Furhemase.of havheonatgervaiint cansymers gefesalepister Myhi ch
i ncl ude phytosterols, stanols, esters of stanols, esters of phytosterols,
ol i gosi di satdeatéd/fats, besause of tieirdenscry atteibutestimcieding meoutth fred b xtare; akdown to
| omer chol esterol levels in humans when eaten on a regular basis and in a
sufficien . ' at Od¢ St : RS ~RiEndi ng
o sites ?ﬁ@(ﬁﬁg @Egsgga'rt%c} ﬂ%ﬂ?éﬁ' InSoRfrtSdibR'Wh 6 FRLERSVESBIbILY 2Rl
grains appear to be less desirable. In the light of this, there is a need for new food
products which taste desirable, but which do not have negative health characteristics
associated with foods having large amounts of fat. In addition, there is a need for new
foods which counter the negative effects of a diet which provides large amounts of

cholesterol.

Sterols, which include phytosterols, stanols, esters of stanols, esters of phytosterols,
oligosidic derivatives fo the above and combinations thereof are known to lower
cholesterol levels in humans when eaten on a regular basis and in a sufficient amount.
It is known that sterols lower cholesterol by binding to sites in the gastrointestinal
tract and competing with cholesterol for binding sites, thus inhibiting the absorption of
cholesterol. Plant sterols have structures that are similar to cholesterol, but differ by
having ethyl, methyl groups or unsaturated groups in their side chain. Because of their
structural similarities to cholesterol, plant sterols are capable of inhibiting cholesterol
absorption. However, despite the fact that sterols are present in high concentrations in

plants such as corn, rice, and soybean, the sterols are largely removed during



tract and conpeting with cholesterol for binding sites, thus inhibiting the
absorption of cholesterol. Plant sterols have structures that are simlar
to chol esterol, but differ by having ethyl, nmethyl groups or unsaturated
groups in t hBa0349pes8 chai n. Because of their structural siPATERPPYs to
chol esterol, plant sterols are capable of inhibiting chol esterol

absorption. However, despite the fact tBat sterols are present in high
concentrations in plants such as corn, rice, and soybean, the sterols are
| argel y r quaocessingand age M DASEHST TheREGTeCBG¢A TOGR codsypned fistypival and are
not consumed. Therefore, typical foods consunmed in typical quantities, of
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obtain an adeguat e_anpunt. of .steraol .required to | ower chol esterol |evels,
the diet Fgatl %%%Vsﬁ!eﬁ?trsém%&h@?%?r@,i aP3oEPEOn. s o demand for new foods
which deliver sufficient anobunts of sterols to humans to |lower their

chol esterol concentrations. Thus, a key issue regarding the use of sterols
for their cholesterol-lowering properties concerns their bioavailability,

whi ch is Ith okRe té Bblateir a%@g\ﬁfelldxﬁ’dun'ibﬁ%ﬁrdl’ir&@%fédftquwe{@:fda%sﬁﬁﬁl Ie Ifsﬁr ol's

are able to decrease chol erol absorption y when so | ze

mol ecul ar (umncrystallise fQr Th i npl y ik ncreasi ng.the, anpunt of
sterol s i ﬁﬂea&e{i%ﬁ%‘ﬁp engﬁ@mr#sﬂt& W}S&é@@r OEQEstjgﬁﬁlse%r ed
because even if sterols are included in a person's diet the benefits of
consuni ng dekearsutficient anpaunteobijeralstodiumans to lower their cholesterol

concentrations.

Thus, a key issue regarding the use of sterols for their cholesterol-lowering properties
concerns their bioavailability, which is linked to their molecular state within food
matrices — sterols are able to decrease cholesterol absorption only when solubilized in
molecular (uncrystallised) form. Thus, simply increasing the amount of sterols in a
diet does not ensure that cholesterol levels are lowered because even if sterols are
included in a person's diet the benefits of consuming sterols may not be obtained. In
particular, sterols in the form of crystals, are not readily absorbed by the
gastrointestinal (GI) tract. In contrast, sterols mustbeina soiubi]ized form in order

that they can be absorbed by the GI tract.

Therefore, overcoming the problem of solubilization of sterols in food matrices
represents a key challenge in the formulation of anti-cholesterol foods. Research in

this area has been focussed on increasing solubility by production of esterified and




particular, sterols in the formof crystals, are not readily absorbed by
the gastrointestinal (G) tract. In contrast, sterols nmust be in a
solubilized formin order that they can be absorbed by the G tract.
Therefore, oW&Y8M My the probl em of sol ubilization of sterBfEERREO7H3d
matrices represents a key challenge in the fornulation of anti-chol esterol
foods. Research in this area has been fcussed on increasi ng solubility by
production of esterified and WO 03/009708 PCT/ EPQ2/ 0792 4_  hydrogenat ed
sterol s ohydsogendted et@rolanueﬁmﬂh@anég@ndwéuomﬁemssfr@lﬁ@nd#a@nnmreg\y‘étﬁs are
on the market, such as spreads, salad dressings and yogurts which include

this forgofn Meahaticet Audh 83 §iredds, salail ldedakingenand yogurey whichtinclage thisf er from
the problemthat they are very poorly soluble in unesterified form A

conpositiQn COppri si n [ 0 ' ' ' 0.
6100720, - THEOE Brmss i SRRSEvRbE A fistufiel dAR St o e PR tha S
or nore enulsifiers and it is suggested that the disclosed conposition can
 be used asheyraragemt poarbi saleblein ygeepafied famb| | evel s. However, it has been
found that the known conpositions conprising sterols are not stable and
therefore they do not have a long shelf-life. Wthin the context of this
specification not stable is taken to include 1) separation of fat and
wat er phasgs,. . . . ' | t: : r [ Teld
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The composition has one or more sterols, one or more fats and one or more
emulsifiers and it is suggested that the disclosed cdmposiﬁon can be used as an agent
for lowering cholesterol levels. However, it has been found that the known
compositions comprising sterols are not stable and therefore they do not have a long
shelf-life. Within the context of this specification not stable is taken to include 1)

separation of fat and water phases, and 2) recrystalisation of sterols.

The present invention addresses the problems set out above.

Remarkably, it has now been found that a composition comprising a crystal modifier
selected from the group consisting of sorbitan tristearate (STS) provides a stable
composition wherein sterols are kept in molecular form for a shelf-life of at least
several months. Surprisingly, comparative test data shows that known compositions

comprising emulsifiers have not been effective in this regard.



Remar kably, it has now been found that a conposition conprising a crystal
nodi fier selected fromthe group consisting of sorbitan tristearate (STS)
provi des a stable conposition wherein sterols are kept in nolecular form
for a shel f-WMO@0B¥08t | east several nonths. Surprisingly, PGP ve
test data shows that known conpositions conprising enulsifiers have not
been effective in this regard. WD 03/ 009708 PCT/ EP02/ 07952 5 Consequentl|y,
in a first aspect the present invention provides a conposition which

conpr i ses Gomsequestlyinfa fxst aspectthe puesent investien prowities aeompositionsiiighsor bi t an
tristearate (STS). Preferably, an enbodi nent of a conposition according to
t he preserbmphiNe& i @ikstesiFiEd st Jupgkfd j hi rbitan
tristear atg FgSI'S) and opti or?aefilgflaﬁaﬁg?y?}é%r%l 'y rcdgﬁf&n}é‘isﬂ S g.lr)]l@d%flg I o“ﬁ‘g|
conpound Zg.tg)ct ed fromthe group consisting of sorbitan nonostearate
(SM5), on "nore nonogl ycerides, one or nore diglycerides,

pr opyl enegl ycol nonosterate (PGWS) or a conbination of two or nore thereof.
This ‘conposition provides the advantage that sterols remain in a stable
nol ecul ar formand unlike previously known products the conposition

t her ef or e Pheferably, an@niHodithenti dfa. congroitiabictordifietoaPRstehi Remicty| des a
product having a long shelf |ife at roomtenperature (even under tropical
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additionally comprises an additional compound selected from the group consisting of

sorbitan monostearate (SMS), one or more monoglycerides, one or more diglycerides,
propyleneglycolmonosterate (PGMS) or a combination of two or more thereof. This
composition provides the advantage that sterols remain in a stable molecular form and

unlike previously known products the composition therefore has a long shelf life.

Remarkably, the composition provides a product having a long shelf life at room

temperature (even under tropical conditions).

Preferably the monoglycerides are provided in the form of saturated distilled

monoglycerides, eg Dimodan PV (TM).

Preferably an embodiment comprises at least one monoglyceride and at least one

diglyceride.



Preferably an enbodi nent conprises at |east one nonogl yceride and at | east
one diglyceride. WO 03/009708 PCTI EP02/ 07952 6 Preferably, an enbodi nent
of a conposition according to the present invention conprises STS in an
amount of fr¥MOFBYIB 50% t o about 200% by wei ght the anmounfPCTEPIYEo| in
the conposition. Mire preferably it is about the sane anmobunt of sterol by
wei ght. Preferably, an enbodi nent of a éonposition according to the present
i nvention conprising a mxture of STS and SMS conprises STS and SMS in an
anount of PreferablyboemiEgiment efmeimpditonaccordingto thi presentintventionst erol i n
the conposition. More preferably it is about the sane anbunt of sterol by

wei ght . Prgfrgtiady %s ﬂ?aﬁ%‘dgfxt @Eﬁoé%oi'fl{'stq;'}g% gq%axs#%e% @é@gﬂé@@ _ mg

about 35% by wel g the tot anount o ure o
preferably, the.amount of .SM5 |p the mxture is bout 25% by wei ght the

t ot al arm&ﬁ?tef)‘?ei’?@ CRIRPOSIOD, ¢ lk’gfesp’éﬁf?a t ispybaptthg same aawuaﬁ%ﬁm of a
conposition according to the present invention conprising a mxture of STS
and PGB cenghti ses STS and PGVB in an anount of from about 50%to about
200% by wei ght the anmpunt of sterol in the conposition. More preferably it
i s about the sane amount of sterol by weight. Preferably the anount of
PGVS in the mxture is fromabout 15%to about 35% by wei ght the total

armount  of P}é}gram%taﬂreﬁlb%cdiﬁgrﬁ mdcomiﬁolxbic%oﬁrfg f%rtﬁg lp}(e!sertlthneavgn olﬁnt of PGVB

in

comprising a mixture of STS and SMS comprises STS and SMS in an amount of from
about 50% to about 200% by weight the amount of sterol in the composition. More
preferably it is about the same amount of sterol by weight. Preferably the amount of
SMS in the mixture is from about 15% to about 35% by weight the total amount of the
mixture of STS and SMS. More preferably, the amount of SMS in the mixture is

about 25% by weight the total amount of the mixture of STS and SMS.

Preferably, an embodiment of ; composition according to the present invention
comprising a mixture of STS and PGMS comprises STS and PGMS in an amount of
from about 50% to about 200% by weight thé amount of sterol in the composition.
More preferably it is about the same amount of sterol by weight. Preferably the
amount of PGMS in the mixture is from about 15% to about 35% by weight the total
amount of the mixture of STS and PGMS. More preferably, the amount of PGMS in
the mixture is about 25% by weight the total amount of the mixture of STS and

PGMS.



the m xture is about 25% by wei ght the total anpbunt of the m xture of STS
and PGVS. WO 03/009708 PCT/ EP02/ 07952 7 Preferably, an enbodi nent of a
conposition according to the present invention conprising a mxture of STS
and sat ur at e§0d@B/8e78 ed nonogl yceri de conprises STS and saRGHERI&H79S52

di stilled nonogl yceride in an anmount of from about 50% to about 200% by

wei ght the amount of sterol in the conpdsition. Mire preferably it is about
the same _anount of sterol by weight. Preferably the anount of saturated

di sti | | ed Preferably, poempdimant ¢ifca pompositon sccording tbthetpresmt inveatiomt 35% by
wei ght the total anount of the m xture of STS and saturated distilled

nonog! y cecbm@risikp aemiXieerfRTS and Sdtaratendistliadf méﬁé%li'@érﬁlé ¢Ungprides 84'S and

nonogl yceride inthe mxture is about 25% by wei gh t he total anmount of

t he m xt ur f . | still ogl i de. Pref B an
enbodi mn?gt&?at%dsglgﬁg%‘gm%%gf@%@g? gtll %‘%a‘ﬁ%ﬁ&h‘%ﬂ r%ggﬁ‘ﬁtrélo%&?ﬁ%lﬁ?o@&% I ses a
sterol selected fromthe group consisting of unesterified sterols. Mre

pr ef erabl yeight the apepntj of sg@pbm g compesitiea. Morgprefsrably itiin gbout the same
unhydrogenated sterols. Even nore preferably, the sterol is predom nantly
from soy afmoghtofsietohby weiyltt Fyeferiki¢ thdirsountiofkcatuddttd distilleas a purity of
about 90% or nore in a powder form its colour is white and

not - di sco r L% S: ' ' ' T i - Off - te. This
o ovi dos. PREoEsstdSuPAE miiedt Binl o 1Sy ERRHCS B By Mighie by
contam nata{n%ﬂnt of the mixture of STS and saturated distilled monoglyceride. More preferably,

the amount of saturated distilled monoglyceride in the mixture is about 25% by weight

the total amount of the mixture of STS and saturated distilled monoglyceride.

Preferably, an embodiment of a composition according to the present invention
comprises a sterol selected from the group consisting of unesterified sterols. More
preferably the sterol 1s selected from the group consisting of unhydrogenated sterols.
Even more preferably, the sterol is predominantly from soy origin and non-
hydrogenated. Most preferably it has a purity of about 90% or more in a2 powder
form, its colour is white and not-discoloured, its particle size is fine and there is no

off-taste.

This provides the advantage that the sterol is not subject to the risk of contamination
with heavy metals including lead. These metals have been present as contaminants in

the solvents used for dissolving sterols in known products.



wi th heavy netals including | ead. These netal s have been present as

contam nants in the solvents used for dissolving sterols in known
products. WO 03/009708 PCT/ EP02/ 07952 8 Preferably, an enbodi nent of a
conposition WOy to the present invention conprises FCEEFP2RMS%n
anount of about 400ng to about 1200ng per serving, nore preferably about
600Ny to about 800ng per serving wherei 8 one serving conprises about 200nl
to about 250mL of conposition. These amounts refer to the amount of pure
st erol i nPréferablymao simbiodimewy affeeg iy opiticuraceatdini toethe présent mvsmeen t i on

according to the present invention conprises mlk. Preferably the mlk

conpri ses caigHbesktddh ﬁloanaﬁﬁﬂﬁntzofza%bﬁm(ﬁﬁﬁ%? abofu@tle(%%geﬁeﬁdﬁgaﬁo}‘e 1. 58% by

wei ght fat (Including emulsifier). Preferably an

conposi t| t he I nvent i on rises fromabout 90%to
about - ool By RRER oA bRk 1S B0 G D e A oLy SEHS o3 Seuving CoBuSS el gh
- mlk, nost preferably about 98.16% by weight mlk. Preferably the mlk is

cows ni | kabeutZ0Pral £¢ ahawASOmd rof sompesitipn.c Thaseramewnts rifekio théameunaof vel y
the mlk can be a fat free or |ow fat aqueous extract including for

exanpl e - whepe stéroEeth@bbinpositioambodi ment of a conposition according to the
present invention conprises oil. Preferably the oil is a vegetable oil
havi ng applicabl e amounts of nono- unsaturated and pol yunsaturated fatty
acids. Preferably the oil conprises rapeseed oil

Preferably, an embodiment of a composition according to the present invention
comprises milk. Preferably the milk comprises about 0.8% to about 2.2% by weight
fat, more preferably 1.58% by weight fat (including emulsifier). Preferably an
embodiment of a composition according to the present invention comprises from about
90% to about 99% by weight milk, more preferably about 95% to about 99% by

weight milk, most preferably about 98.16% by weight milk.

Preferably the milk is cows milk or milk from another source including soy milk.
Alternatively the milk can be a fat free or low fat aqueous extract including for

example whey.

Preferably, an embodiment of a composition appording to the present invention
comprises oil. Preferably the oil is a vegetable oil having applicable amounts of mono-
unsaturated and polyunsaturated fatty acids. Preferably the oil comprises rapeseed oil
and/or corn oil. Preferably an embodiment of a composition according to the present

invention comprises from about 0.4% to about 0.8% by weight rapeseed oil, more



and/or corn oil. Preferably an enbodi nent of a conposition according to the
present invention conprises fromabout 0.4%to about 0.8% by wei ght
rapeseed oil, nmore WO 03/009708 PCT/ EP02/ 07952 9 preferabl\tl about 0.5%to
about 0. 7% bYOWEPYA8 r apeseed oil, nost preferably about BCEEBRYS2ei ght

rapeseed oil. Preferably an enbodi nent of a conposition according to the
present invention conprises fromabout ® 2%to about 0.5% by wei ght corn
oil, nore preferably about 0.3%to about 0.4% by wei ght corn oil, nost

pr ef er abl yprefecably aboR WA Hytowbioghld. 7%olyweight rdpesdedraily most prefeablodibeant of a
conposition according to the present invention. conprises water.

Pr ef er abl o Pﬁnfa 0 Ini 1 C1C Of: 0, S .

i nventi onwé?r?pé;ﬁgsgél romIJ g{?ggtﬂi?gg/?? %bg%oﬁi?@%%f%ﬁ%sm@ %r%rdr’rl%g e
preferably  about 2.0%t.0 about.é.eg_% b%) wej ght ter, nost preferably about
5. 196 by weip it Presert dRvention SOmRTistiTom abgut Pt to aboutilade by werght cembeibi ¢ i on
and the percentage by weight of mlk is increased by a correspondi ng
amount. | mquegireferabiy ebdrtdl. 3t abohtd 4%tyoweighbeornoilp ptospperfdrablenboahed
with vitamns and or mnerals including calcium This provides the

advant age gofgeg %ﬁgﬁ%rﬁwﬂ(i tional conposition which is, for exanple,
beneficial to bdne Tormation and/ or inhibits reduction of bone mass. In
preferred enbodi nents the conposi-tion is optionally flavoured. This

provi des the advantage that an enbodi nent of the conposition has a good

taste which increases ) . .
Preferably, an embodiment of a composition according to the present invention.

comprises water. Preferably an embodiment of a composition according to the present
invention comprises from about 1.5% to about 3.0% by weight water, more preferably
about 2.0% to about 2.5% by weight water, most preferably about 2.1% by weight
water. Alternatively, no water is added to the composition and the percentage by

weight of milk is increased by a corresponding amount.

In preferred embodiments the composition is optionally enriched with vitamins and or
minerals including calcium. This provides the advantage of a balanced nutritional
composition which is, for example, beneficial to bone formation and/ or inhibits

reduction of bone mass.

In preferred embodiments the composition is optionally flavoured. This provides the
advantage that an embodiment of the composition kas a good taste which increases

degirability of the composition.



desirability of the conmposition. WO 03/009708 PCTI EPO2/ 07952 10 In
preferred enbodi nents, the conposition includes a sweetener. Preferably the
sweet ener is sugar although other known sweeteners can be included. In a
preferred eND¥WLHWE, one or nore ol i gosaccharides and/ or BSTHEY i des
are included. The pol ysaccharide(s) provide the advantage that they are
capabl e of suspending insoluble mneralls which nmay al so be included, for
exanpl e cal cium carbonate (CaCO . The oligosacchrides provide the

advant ageh prafopreidadnsisbdidniehts, tireadongiositioni inclndel # gwpeten®rt iRrefeedbly e heal t h.

In a second aspect the invention provides a nethod for. production of the

COMpOS { | Sflectil 6 GRS ol BIRAPsOlotbrlert BLPGE Hchihan Sterol in an

oily matrix conprising at st one crysta ; 11) transferring the
oily matri x to an aqueous phase in such a manner that the oily matrix
remains intact and a proper enulsion is obtained; and iii) processing the
oil in water enulsion to nake it shelf-stable in a way that the enul sion

remai ns uhed preférest embloditreint,eonevormare whigasacnbarides anidfdrqulysexchasidey arer e
crystallisation of the sterols over tinme. Preferably, an enbodi ment of a

met hod aCﬁ,@fﬂkPQ’ﬁh To_h}}%aiséﬁé?ﬂlfegs? '@r&ﬂﬂ@fﬁesﬂ%ﬁﬁge Eia?ﬂ%y &6 cggg;bt]% B uand

g
keeping the oily rTB.th’IX at abo 80C prefgrab! until “a clear solution is
gg ';rg'“ng?nagfneegdelﬁg Pnlsglu%rlee Irrgrllerafs v«arﬁ(cj:ﬁ(ljlla:[yoalsto e Pﬂchl}ldeg?{'orrl e)}((a&%TeSé (tZiIUIr;lg of or
carbonate (CaCO;). The oligosacchrides provide the advantages associated with

prebiotics including promotion of gut health.

In a second aspect the invention provides a method for production of the composition
which comprises the steps of:

i) integrating a sterol in an oily matrix comprising at least one crystal modifier;

ii) transferring the oily matrix to an aqueous phase in such a manner that the oily
matrix remains intact and a proper emulsion is obtained; and

iii) processing the oil in water emulsion to make it shelf-stable in a way that the
emulsion remains unaffected and stable over several months without excessive re-

crystallisation of the sterols over time.

Preferably, an embodiment of a method according to the invention comprises the steps
of heating and keeping the oily matrix at about 80°C preferably until a clear solution
is obtained. Preferably sterol is added to the oily matrix consisting of or comprising

STS and the oily matrix is maintained at 80°C.



STS and the oily matrix i s maintained at 80C. WD 03/009708 PCT/ EP02/ 07952
Preferably, a water phase conprising mlk is prewarned to about 80C and the
oily matrix is added to the prewarnmed water phase. PrefergﬁhﬁigPﬁ oil in
wat er enul sWOP3O®M&pt at 80C and is not cool ed bel ow 80C TR TP her
processing is carried out. Preferably the further processing conprises UHT
treatnment, preferably foll owed by horidgeni sation. Preferably the
conposition is cooled and filled following the further processing. In a
third aspegirablye aivii@nstiage c@mgmiﬂgsnmsﬁ préwarnsepabiott 80P Gesdtidi ity t o an
enbodi ment of the invention in reducing LDL chol esterol concentration. In a
fourth enbodi nent, the,i nvention, provides use of the conposition in the
nanufactHP§D5§igmféH%#Fdﬁgrmywﬁﬁgggggﬁ%F'or medi canent for the treatnent or
prevention of high LDL chol esterol concentration In a fifth enbodi ment the
i nvention provides a nethod of treatnent or prevention of high LDL '
chol esterol concentration which conprises adm nistration or provision of

the co WDP?dféthlg the oildavedtemndmaRion WOkesY 4089 70 an@ (5T hdtRd2] ditsedéw 3D2CArdilt i onal
features and advantages of the present invention are described in, and wl|

be appar ?Lﬂ{he;fz%’@eséiﬂgisdﬁﬁéa%!.on of the pr ese_ntl_y preferred enbodi nents

whi ch areé

Preferably the further processing comprises UHT treatment, preferably followed by

homogenisation.
Preferably the composition is cooled and filled following the further processing.

In a third aspect the invention provides use of a composition acclording to an

embodiment of the invention in reducing LDL cholesterol concentration.

In a fourth embodiment the invention provides use of the compositioﬁ in the
manufacture of a functional food product or medicament for the treatment or

prevention of high LDL cholesterol concentration

In a fifth embodiment the invention provides a method of treatment or prevention of
high LDL cholesterol concentration which comprises administration or provision of

the composition for consumption.



set out below with reference to the drawings in which: Figure 1 shows

m cr o- phot ographs illustrating the enul sion obtained according to the
present invention; Figure 2 shows m cro-photographs illustrating an

emul si on owtoaismegtosccording to the prior art for ill ustrpé—'tT(FerZ/%ﬁ?’y; Fi gure
3 shows a schematic showi ng an enbodi nent of a nethod of the invention;
Figure 4 shows electronically generatjed i mages of m croscope slides show ng
enbodi ments of a m |k product conprising sterols which have very few

crystal kég,%onﬁlc Aihret £ Phvanflyes of AIEIREICAE it enté aQnséritnided, amd il

bi ol ogi ive a Ithng the absorption of cholesterol. For the

purposes of clarity and,a caoncisg,description fe ri.bed herein
D' "par beappamel Sae tsrdstepean of SrBCUFPRAPCTore i Ehf PR

appreci ated that the scope of the invention may include enbodi ments having
conbi nakitons befovamithaefereme tofthe drawfiegstinrvelicllescri bed. WO 03/ 009708

PCTI EP0O2/ 07952 13 As seen in Figures 1 and 2 an enbodi nent of a
conposition according to the invention is snmooth and provides sterols
which are integrated. in the conposition in a nolecular form In contrast

Crystal Figes Tgorsimerann Eeiaphe 10 ed Hsclm ibn WA FARLRIHE e Tve

present invention,;

Figure 2 shows micro-photographs illustrating an emulsion obtained according to the

prior art for illustration only;

Figure 3 sﬁows a schematic showing an embodiment of a method of the invention;

Figure 4 shows electronically generated images of microscope slides showing
embodiments of a milk product comprising sterols which have very few crystalline
plant sterols. These embodiments are considered to be biologically active at inhibiting

the absorption of cholesterol.

For the purposes of clarity and a concise description features are described herein as
part of the same or separaté embodiments, however it will be appreciated that the
scope of the invention may include embodiments having combinations of all or some

of the features described.



As seen in figure 3, an enbodi nent of a process according to the invention
conprises the steps of formng a first solution by enulsifying oils,
enul sifier and sterols at a tenperature of at |east 85C, and separately

formng a 328(3%:095@' ution by prewarmng skimed mlk at gctgeparefure of
at | east 80C. € two solution are mixed to forma mxture and stored at a

tenperature of at |east 80C. The mxture is subjected to further
processing including UHT and cooling 131 1 oned by honobgeni sation. The

m xture i,s then c¢ool ed and subjected to _aseptic filling, Study 1 The

fol | owi ngSEEEpEE BIEIRS ls%[%l%/a%ﬁ@&@dw of 8 gpmpopitien sregrdingtte tled inveptionl s are
present in an enbodi nent of the invention conprising a filled mlk

cont ai ni mpsrhoatk ant providessstrobsi whisk dravintdprREdin Brel codipsitionfinAsasiecular
Non-esterified plant sterols are hydrophobic and remain in crystalline form

i 01 0w f gy | ubtinthali 4 KBt b 3RS 08 bt hok dhdrblndch vt

m | ks. Speci allrﬁ yndgsi gned ((a:rm}egélc ﬁ%?‘g@ﬁ%ﬁg t%ﬂ%: é}rglg ell’la%éisfrtlégr,l)is ch

honogeni zati on, and treatyment steps are WO 03/009708 PCT/ EP02/0792 14
necessar aYWWF‘&@W@?ﬂWMWWP‘FBS-stay bound to the plant sterol and
keep it in a soluble formin the mlk for long periods of time (nonths) at
roomtenperature. Under these conditions, only a snmall percentage of plant
sterols will be in the biologically |ess efficous crystalline form

Conver selsedd irf figure|308h efibBHRAht BF & ptiess according to the invention comprises
the steps of forming a first solution by emulsifying oils, emulsifier and sterols at a
temperature of at least 85°C; and separately forming a second solution by prewarming
skimmed milk at a temperature of at least 80°C. The two solution are mixed to form a
mixture and stored at a temperature of at least 80°C. The mixture is subjected to
further processing including UHT and cooling followed by homogenisation. The

mixture 1s then cooled and subjected to aseptic filling,

Study 1
The following comparative study shows that negligible plant sterol crystals are present

in an embodiment of the invention comprising a filled milk containing free sterol

solubilised with STS.

Principle of Assay:
Non-esterified plant sterols are hydrophobic and remain in crystalline form in low-fat
liquid milk and low-fat vegetable oil partly filled liquid milks. Specially designed

emulsifiers, and mixing, heating, homogenization, and UHT treatment steps are



properly solubilised, a greater relative percentage will be in the
crystalline form A procedure has now been devel oped to quantify the
anount of crystalline plant sterols in liquid mlks in the presence of
various emul gifgsBheed results with the enulsifier STS are @gesgpigssbel ow),
usi ng radiol abel ed plant sterols. Special caution was taken to add -
radi ol abel ed sitostanol to unlabel ed plant sterols in such a way to produce
a honogenous mi xture w thout changi ngl4he structure of the plant sterols.
The hydrogenated sitostanol tracer behaves simlarly to the unl abel ed

pl ant st Qic@bﬁaxgli@rﬁrdﬁrﬁdi‘ tHeosmualsifier €o stay dbadd ioztae plint pretcipadidepdt iard is
thus considered a valid marker. In the procedure described bel ow, the

pel | et ed ' f | | b | f

Cryst al 1 TaE ity i 0K, S SR i SPERRE GRSy

in plant sterols that were once sglubilised re-crystalljzing and thus
beconi ng (ééqquéh%.conﬂiﬁén%r?@g}ﬁﬁﬂ’@ﬂ Rséqeln&a@a@rfalaﬁﬁsf@wl%mﬁ i’eh’éﬂl@rt hel ess
proportional to the amount of originally crystalline plant sterols in a

gi ven f odsgloloeraty ddss efficos thystalling Forfi. t Ostvensely, 3 the plaatatels afe rplar at i on.
Radi oactive sitostanol was added to the non-hydrogenated, non-esterified
pl ant st o o e&ﬁ(@ L@ AiH8 BT Mt @ achi eve.
a homge%géa}ﬁpicgure %l?tagr%aé&f% pe%&egﬁggwgtbgr%@g WO 03/ 009708

PCT/ EPO2/ 07952 1 . .
procedure I?as now been developed to quantify the amount of crystalline plant sterols

in liquid milks in the presence of various emulsifiers (results with the emulsifier STS
are described below), using radiolabeled plant sterols. Special caution was taken to
add radiolabeled sitostanol to unlabeled plant sterols in such a way to produce a
homogenous mixture without changing the structure of the plant sterols. The
hydrogenated sitostanol tracer behaves similarly to the unlabeled plant sterols from
emulsion and re-crystallization perspectives and is thus considered a valid marker. In
the procedure described below, the pelleted material following centrifugation was
representative of crystalline sterol. However, the act of centrifugation itself can result
in plant sterols that were once solubilised re-crystallizing and thus becoming pelleted.
The amounts of pelletable material is nevertheless proportional to the amount of

originally crystalline plant sterols in a given food preparation.

Method:
SH Sitostanol/Sterol Powder Preparation. Radioactive sitostanol was added to the
non-hydrogenated, non-esterified plant sterols predominately of soybean origin in

such a manner to achieve a homogenous mixture of 5 LCi °H per gram of sterols.




M Ik Preparation. All mlks used in this study contai ned 1.58% vegetabl e
(soybean) oil (0), 0.4%sterols (S), 2% water (W, plus or mnus 0.4% STS,
and non-fat liquid mlk (M varied to attain a final volune of 100% STS
was heat ed t& dskfd6s0s Powdered, unheated S was added to the pagalpfge790S
solution, and the S/STS m xture was heated to 120C. 0 was preheated to
45C, added to the S/ STS heated sol ution,j5and the S/ STS/ O m xture was
brought to a tenperature of 85C. MWwas pre-heated to 85C and added to a

W' e o b cpc i RSOl B B Bty YRalit] ), 8 RIBR b SeBb RO (e
I I .. M1k dwth 0 STS
wer & ot e i 405 -85 el 30 Fockitey Woui PF P Ao i igpicant

Sterols inthe MIk Preparation. One nL of the above mlk preparation was
added to tmétk (M)bwasied 46 atiaincefinalivolgme 01068, STSGRR Meated to3 10CNUt €S, the
m xture consisted of a conbined liquid | ayer (supernatant) and a solid

preci pi t at govoderéd)QinBehtea's W t A : S was pl aced
ina sci n?(i)l lation vial fo}a? gé\}m&r?gﬂdgg%lﬁgﬁf# ggbﬁogﬂﬁg, %gcgiﬂeéﬁlgg‘?&?‘?%‘% The
pellet was_rinsed, repeatedly with sgintillatjon fluid and the washings

pl aced in \gaés%aﬁetq o 549 gngf Y"é? H?ethFéii‘?a tﬂﬁ5c¢: asdléiFill'tt‘? theay/Sd§ heatedsoltionadded
to each scintillation vial and the radioactivity in the supernatant and
pel | et cougidelie B{S T Oonadinegvap bsoughbtod tesnpeSaugel of S5°1CS MWswaaple-K <uied
pellet/cpmtotal in the test tube Std Deviation) Centrifugation 20000*g 3

mn to 85°C and added to a Polytron mixer. The S/STS/O mixture at 85°C was then

immediately added to MW in the Polytron. The final mixture described above was

removed from the Polytron and cooled to room temperature. Milks prepared without O

or STS were otherwise prepared identically.

Quantification of Crystalline Plant Sterols in the Milk Preparation. One mL of the
above milk preparation was added to test tubes. After centrifugation at 20,000* g for3
minutes, the mixture consisted of a combined liquid layer (supernatant) and a solid
precipitaté on the bottom of the tube (pellet). The supernatant was placed in a
scintillation vial following aspiration with a pasteur pipette. The pellet was rinsed
repeatedly with scintillation fluid and the washings placed in a scintillation fluid. Ten
mL of scintillation fluid was added to each scintillation vial and the radioactivity in

the supernatant and pellet counted by autoradiography.

Resulté:

Sample *H sitostanol (cpm pellet/opm total in the test tube = Std Deviation)
Centrifugation 20000*g 3 min



WD 03/009708 16 PCT/ EP02/ 07952 SWWD. 86: 1: 0. 007 SWw(C0. 80 f0.026 (no change)
SWW+O+STS0. 35+0. 019 (-) SWWO+STSO0. 250. 062 E-) The values in the table
above represent the nmean of 4 replicates. A higher fraction nunmber is
represent at kwgospo#®r € crystalline sterols (proportionatelgcmpregopst | et
sterols rel atlve to the total amobunt of sterols added to the test tube).
The mnus sign refers to the change inif@ghis ratio relative to the anpunt
in SWM A difference of less than 10%is considered "no change". The | ast
two rows @fwihe table @bgwq}odgpendent experinments with the sane m xture.

The resul thet g Q% at the sterols placed into WD
W t hout ttf‘ss- Sggb% V% %? et g y(S\/\erO above). Addi ng STS
dranmat i cal se ot of pelletable material to 25-35%
SWWHO+STSS es%2 “/show that the addition of STS keeps the

sterols in a rmre sol ubl e (I ess pelletable) state. Plant sterols in the
sol ubl e stTheeahre ikkthevable abets sxprésent theindantuftd replcates dy highenfragtiondi et ary
chol esterol in the gut. Study 2 The follow ng conparative study shows that
negli gi bl guRiheRis rehREiatifeytidbie @yfallin@$RMls (proportionately more pellet

sterols relative to the total amount of sterols added to the test tube). The minus sign

refers to the change in this ratio relative to the amount in SWM. A difference of less

than 10% is considered "no change". The last two rows of the table show independent

experiments with the same mixture.

The results from the table above show that the sterols placed into WMO without
emulsifiers are 80% pelietable (SWM+O above). Adding STS dramatically decreased
the amount of pelletable material to 25-35% SW+O+STS above). These results
show that tﬁe addition of STS keeps the sterols in a more soluble (less-pelletable)
state. Plant sterols in the soluble state are known to effectively inhibit the absorption -

of dietary cholesterol in the gut.

Study 2
The following comparative study shows that negligible plant sterol crystals are present
in filled milks containing free sterols solubilised with STS, in the presence of bile

acid.

Principle of Assay:



in filled mlks containing free sterols solubilised with STS, in the
presence of bile acid. Principle of Assay: WO 03/009708 PCT/EP02/ 07952 17

In Study 1, we showed that follow ng centrifugation of mlks, the pelleted
material is gr%ﬁortional to the anount of non-solubilised cr S%,%U{”e

pl ant st er o0 " ¥Y3i%| abel ed plant sterols were used as a Q08
quantify the anount of material in the_pellet. This quantification schene
was enployed in Study 2. For a food prégaration contai ning plant sterols
to be bi ically efficoys at _inhibiting the absorption of dietary and
bil ary c%ﬁg%‘i%'ek’o‘%? S¥%8§M?9H%g eerfrifpation of milks; the pelletad mwteniallis nust
be solubilised and nostly non-crystalline in the original food matrix

(Study 1 prbpartipnaldodhe 2mount éfwp-fotubitisedsiryalling bl seds, Beled the
presence of naturally occurring bile acid, |ysophospholipids, and fatty

A et hod T Seauls Rt SaB0 A2 IRl ey e RSt AR e i B Bl o | <

plant stegols in.the presence of bjle acjid, |ysophgspholipids, and fatty
acids t gﬂ’éﬁ aFWgS‘?*}%%YVPﬁ sanpiﬁyafég% $W€Y gr Bewea f0od preparaiomsi der ed t hat
| arge, non-solubilised crystalline sterols cannot be appreciably

r e- sol ubidoniaeung planheternls to bebicjegicaily effitduscat iintebitingrihé Bbsorpithm @bsor pti on
of dietary and bilary chol esterol; whereas small plant sterol crystals

have a belidtely Mmddikey holQerdl, ffs SRIdHRInS nARebE thet:"E 'p1alPtElos must be

solubilised and mqstly non-crystalline in the original food matrix (Study 1 above); and
2. during the intestinal digestive process in the presence of naturally occuﬁng bile
acid, lysophospholipids, and fatty acids, the plant sterols must remain solubilised and
not re-crystallized. A method has now been developed to quantify the amount of non-
solubilised plant sterols in the presence of bile acid, lysophospholipids, and fatty acids
to simulate the intestinal digestive process. It is considered that large, non-solubilised
crystalline sterols cannot be appreciably re-solubilised in the gut, and cannot
effectively inhibit the absorption of dietary and bilary cholesterol; whereas small plant

sterol crystals have a better chance of being re-solubilised in the gut matn'j(.

Method:

’H Sitostanol/Sterol Powder Preparation, Milk Preparation, and Quantification of
Crystalline Plant Sterols were as described in Study 1, except for quantification, test
tubes were spun in a centrifuge at 20,000*g for 3 minutes and 50,000*g for 3 minutes
to see if a faster spin speed would result in more radiolabeled pelleted material than

slower spin speeds.



Met hod: 3H Sitostanol/Sterol Powder Preparation, MIk Preparation, and
Quantification of Crystalline Plant Sterols were as described in Study 1,
except for quantification, test tubes were spun in a centrifuge at

20, 000* g forwgoﬂ;%og%tses and 50, 000*g for 3 mnutes to see ipbraphaEHE SPin
speed woul d result 1n nore radi ol abel ed pelleted material than slower spin
speeds. WO 03/009708 PCT/ EP02/07952 18 Bile Acid Preparation. A bile acid
sol ution contained 150 mM sodi um chl d8i de and 15 mM sodi um phosphat e,
brought to pH 7.4 with 10 M sodi um hydroxi de. Then, sodiumtaurochol ate
and egapiledicidPrpeeartivradiidnletasidsdtutarecdntaingd d 50 saMisodiute ghlogidegindang 5 mv
respectively. The solution was gently stirred overnight at roomtenperature
with a Ll 'uP&‘E | bERY] quplrith 10 ¥4 dddeim pederxidel Eheabove

m Xt ur eﬁr?g{mrsgglerr Wga%ébgﬁﬁégg% solution (BA) Plant Sterol

Sol ubilization in the Presence.of Bile i il aration
was addsefivg t@‘ggghqlﬁq?@éldaﬁ%ﬂﬁcmﬁwé? %quf‘@ tgfagg‘ﬁvg@g! ‘d“& L‘Flﬁl,‘s“jl&}sh@f$?nal
concentrations of bile salts were 1.5 tines |ess than the startin

concent aad 5 eVl respéctiveRih&'hei dohitm was gentlyrstineed oveenishl dgogm tpperivre
agitated at 30 rpmfor 1 hour. Results: 3H sitostanol (cpm pellet/cpmtotal
inthe tagl, hiPekc bat dnd filtered through 5 pm filter paper. The above mixture is

referred to as bile acid solution (BA)

Plant Sterol Solubilization in the Presence of Bile Acid. One mL of the milk
preparation was added to test tubes along with 0.5 mL of bile acid. Thus, the final
concentrations of bile salts were 1.5 times less than the starting concentration in BA.

The milk/BA solution was incubated at 37°C and agitated at 30 rpm for 1 hour.

Results:
Sample _ H sitostanol (cpm pellet/cpm total in the test tube) + Std
Deviation
Centrifugation 20000*g 3 min Centrifugation 50000*g 3 min
SWM+O 0.80+ 0.026 0.86 +=0.0183
SWM+0O+BA 0.52+ 0.054(-) 0,77 = 0.037(-)
SWM+O+STS+BA 0.19 £ 0.082(-) 0.19 2 0.011(-)

The values in the table above represent the mean of 4 replicates. A higher fraction
number is representative of more crystalline sterols (proportionately more pellet
sterols relative to the total amount of sterols added to the test tube). The minus signs

refer to the change in this ratio relative to the amount in SWM+O.



Sanmpl e Deviation Centrifugati on 20000*g 3 mn Centrifugati on 50000*g 3 mn
SWWQ0. 80 + 0.0260. 8610. 0183 SWM+O+BAO. 52 f 0. 054(-)0.77 0.037(-)
SWWO+STS+BAO. 19 f 0.082(-)0.19 0.011(-) The values in the table above
represent thﬁoﬁﬁfbﬁmﬁf 4 replicates. A higher fraction nunpefebdzores:
representative of nore crystalline sterols (proportionately nore pellet
sterols relative to the total amount of sterols added to the test tube).
The m nus signs refer to the change i¥¥ this ratio relative to the anount
in SWWO_, WO 03/009708 PCT/ EP02/07952 19 Simlarly to results of study 1,
the st er Statghateresplis of simdy i the sterols placed finter WM avitleovepslsifieranre ( SWwO,
20,000 g condition). In the presence of bile acid, without enulsifiers,

about 65%9%f pelleeablé IWINE+@Y 20,000 b@ofiditionR! Irethe pkaseh /SN e/ soid SHHGHBA
above; 20,000 g condition) indicating the BA solution helps to either

pr event Wl | i [ ' ' m.l ks were

pr epar edg{gh%ﬁ%%feﬂoﬁ%?%n%ffz@%eS%g%}%%ﬁ%ﬁéﬁﬁﬁw W@P YPhe BA hel ps to
re-sol ubiised prevjousl crystal line the plant sterals. Inportantly, as
conpar ed STV R 3BPYS: 9> A0 Shepndittpm mdicpting,the A selption belpstseithern esser
proportion of plant sterols were pelletable (SWWO+BA vs. SWWO+STS+BA
above; 2@revet ariginalxdyaallizaticwfrdint doznyring since the milks were prepared only one

hour before addition of BA; and/or that the BA helps to re-solubilised previously
crystalline the plant sterols. Importantly, as compared to the condition without STS,
in the presence of STS, a lesser proportion of plant sterols were pelletable
(SWM+O+BA vs. SWM+O-+STS+BA above; 20,000 g or 50,000 g condition),
indicating that in the presence of BA, the plant sterol/STS complex will be in a mostly
soluble, efficous form. It is thus considered that in an actual gut matrix, the plant
sterol/STS complex inhibits the absorption of dietary and bilary cholesterol, and

subsequently reduces LDL cholesterol concentrations.

Study 3
This study shows the effects of phytosterols on absorption of cholesterol by caco-2

intestinal cells.

Principle of assay:
Intestinal cells in culture behave similarly to intestinal cells in the living organism.
Radioactive cholesterol is incubated with intestinal cells, and added plant sterols

inhibit the uptake of the radiolabeled plant sterol into the intestinal cells, similarly to



indicating that in the presence of BA the plant sterol/STS conplex will be
in a nostly soluble, efficous form It is thus considered that in an
actual gut matrix, the plant sterol/STS conplex inhibits the absorption of

di etary andbhhaso¥eghol esterol, and subsequently reduces péidpmbatest er ol
concentrations. Study 3 This study shows the effects of phytosterols on
absorption of cholesterol by caco-2 intestinal cells. Principle of assay:
Intestinal cells in culture behave si@Plarly to intestinal cells in the
living organism Radioactive cholesterol is incubated with intestinal
cell's, awHatirgppenginantiviag erginism.i Ahcomnpared o insubations witheut addrdplapte| ed

pl ant sterol into the intestinal cells, simlarly to WD 03/009708

PCTI EPO2 2R ad @b ol PRI A $hdrB iPplopyitihaRlEabtedidebetaeiadlesterod
incubatié)tgl)@as\/l’s\/i%‘{1 t addrgd pl ant rstlsgir)gps, vvithsgpl'ant sterols added there is

proportionately. nore radi ol abel ed chalesterol i i A I ng the
i ntesti n& tﬁ%@?qy ,S“‘ﬂﬂim%&ﬁs Féﬁemg% aﬂﬁiﬁs &%&8#’3?%%&3%35&6%@# hqg cell s.
Met hod: M Ik preparation. Al m |l ks contained 2. 7% onega vegetabl e oil

m x, pl ubytie cellaus 0. 4% pl ant sterols, plus or minus 0.4% enul sifyer, and

non-fat liquid mlk was varied to bring the total volunme to 100%
Emul si fyer and plant sterols were first heated at

Method:

Milk preparation. All milks contained 2.7% omega vegetable oil mix, plus or minus
0.4% plant sterols, plus or minus 0.4% emulsifyer, and non-fat liquid milk was varied
to bring the total volume to 100%. Emulsifyer and plant sterols were first heated at
140°C, then the omega vegeiable oil mix oil was a&ded and mixed with a Polytron
with non-fat liquid milk at 85°C. The emulsion was homogenized in two stages at

300bars then 150 bars. The emulsion was pasteurised for 1 hour at 85°C, then stored

at 4°C.

Cell incubation preparation. Caco-2 cells were incubated in 24 well plates in medium
containing DMEM enriched with and antibiotics (78.2% DMEM with 4.5 g/L glucose
plus 19.5% FCS, 0.8% penicillin-streptomycin, 0.5% gentamycin, and 1.0% 100x
DMEM) for 21 days at 37 "C in a 10% CO, environment. Medium was changed every
2 days. 0.6 mM lysophosphatidylcholine, 0.2 mM oleic acid, 50 WM cholesterol and
0.2 pCi/mL (414C)-cholesterol were solubilised in chloroform/methanol 2:1vv),
evaporated under nitrogen, and to the dried mixture, bile salts in DMEM plus 0.3%
BSA, were added to achieve a final concentration of 1 mM taurocholate, 0.5 mM

taurochenodeoxycholate, 0.5 mM taurodeoxycholate, and 2 mM glycocholate



140C, then the onega vegetable oil mx oil was added and m xed with a
Polytron wth non-fat liquid mlk at 85C. The enul sion was honogeni zed in
two stages at 300bars then 150 bars. The enul sion was pasteurised for 1

hour at 85C ored at 4C. Cell incubation preparati g cells
were i ncubatweéd&l%rQQ@QL wel | plates in nmedium containing DIVE?/PE@?%@% wth

and antibiotics (78.2% DVMEMwith 4.5 g/L glucose plus 19.5% FCS, 0.8%
penicillin-streptonycin, 0.5%gentanyci2d, and 1.0% 100x DVEM for 21 days
at 37 Cin a 10% CO2 environment. Mediumwas changed every 2 days. 0.6 nM

| ysophos plwicéltarisolutionh R adios tiviey wrasi couamiddn aBQliNheNeR BE§CRNIRIYS 19, 2
tG/nm (414C)-chol esterol were solubilised in chloroformnmethanol (2:1

viv), evanafedtiad laki ' L Xt .le salts in

DVEM pl e p s S S LaeHORERRD, B¢ pledelrinabt G fheithlal slBinge 7S

taurochol gt.e, 0..5 nmM, taur ochenodeoxychol ate, 0.5 nM t aur odeoxychol ate, and

7w o1y CRTBlE In s s b 5 s nkess posly dBagenptce BT asteodtedlen)

Radi oactivitly was counted in an aliquot of these mcelles (5 }L counted in
s

2 L sci ritsrplsdf) predominatyly ofrsdybéen origini(plie or efinndemulstfidr) afers aldddd jans wer e
distributed into glass tubes. In quadruplicate, non-hydrogenated,

non-esterlbWifgﬂmgk@ahtajﬁhggﬁI@nég@v SHMLN A I(wm?oéemggm@ﬁhﬁl us or

mnus enulsifier) were added in |dwfat m contai nrn ﬁetable
ol mx (a%al fcgﬁce%ggn Mf L15)m1{/10 stglr%i]sl. Ef\{l%es were incubated for 2 hours at room

temperature, then an aliquot of each tube was counted. After washing cells 2x with
HBSS, 0.5 mL of the plant sterol/bile salt/ lysophosphatidylcholine/ fatty acid/
radiolabeled cholesterol mixture was added to the cells for 2 hours at 37 °C in a 10%
CO, environment, then washed 3x with HBSS. Following aspiration of the media, the
cells were lysed with 1 N NaOH, agitated 30 min at ambient temperature, and
following removal of 25 pl for protein detern_lination, the remaining mateﬁal was

counted by autoradiography in 10 ml of liquid scintillation fluid.

Results of three separate experiments

Sample 414C-cholesterol (cpm/mL in Caco-2 cells)
Exp.1 Exp.2 Exp.3

Cells+micellar solution 42°600 34°900
+O0M 51°700(+)24°000 24°900(-)
+OM +0.4% S 44°600(-) 33°000(+) 30°200(+)
+OM + 0.4% S + 0.4% emulsifyer 41°700(-) 13°100(-) 19’500(-)

+0OM + 0.4% emulsifyer 39°400(-) 35°700(+) 34°400(+)




a final concentration of 40 mM sterols. Tubes were incubated for 2 hours at
room tenperature, then an aliquot of each tube was counted. After washing
cells 2x with HBSS, 0.5 nL of the plant sterol/bile salt/

| ysophosphatj |.ine/ fatty acid/ radiol abel ed chol est ' re was
added to thte‘b(gg’fog% or 2 hours at 37 Cin a 10% CO2 envi rg%ﬂrrjgr,\dt}},oﬁszen

washed 3x with HBSS. Follow ng aspiration of the nedia, the cells were
lysed with 1 N NaOH, agitated 30 mn A2 anbi ent tenperature, and follow ng
removal §5 for protein determ nation, the remaining nmaterial was

count ed %{ac yaledn thsgtablsrapova repyesantsthe meaniod 3s¢ raplichteat Thoplus and. Resul t s
of three separate experinents Sanpl e414C-chol esterol (cpminL in Caco-2

cel | s) Enpnudsigupref@itothScltalgesetativetd te conditibh @ddpily3ho9Q0 +
OVb1' 700( +) 24' 000 24' 900(-) +OM + 0. 4% S44' 600(-) 33 006( +) 30" 200(+) +OM +
0.4% S + 0.4% enul si fyer4l' 700(-) 13'100(-)19'500(-) +OM + 0.4%
emul si fyer39' 400(-) 35' 700( +) 34' 400(+) WO 03/009708 PCTI EP02/ 07952 22 Each
val ue inJi\he abl e 2bove represent,s the nean of 3-4 replicates. The plus
and min e?ﬁéﬁ@n ey fﬁ*dﬂﬁﬁé%wgﬁ@&mé}r@ﬁga\wg@tgbleml wont@M)eithenmedi at el y
above.

increased or decreased the uptake of cholesterol into Caco-2 cells, and thus had an

inconsistent effect (+OM vs Cells+micellar solution).

Adding sterols in a crystalline form to OM, increased the uptake of cholesterol into
Caco-2 cells in two experiments and decreased the absorption in Exp. 1, thus having

an overall inconsistent effect (OM + 0.4% § vs. +OM).

Adding sterols in a solubilised form to OM in the presence of emulsifier decreased
dramatically the uptake of cholesterol into Caco-2 cells in two experiments and
produced a smaller decrease in uptake in Exp. 1 (+OM + 0.4% S + 0.4% emulsifyer
vs. +OM + 0.4% S). Thus, the results show that plant sterols solubilised in the |
presence of emulsifyer in OM more effectively inhibit the uptake of radiolabeled

cholesterol into Caco-2 cells than plant sterols in OM without this emulsifier.

Adding sterols in a solubilised form to OM in the presence of emulsifier was also
more effective at inhibiting the uptake of cholesterol into Caco-2 cells than OM in the

presence of emulsifyer in two of three experiments (+OM + 0.4% S + 0.4% emulsifyer



The addition of low fat m |k containing an Orega vegetable oil mx (O
either increased or decreased the uptake of cholesterol into Caco-2 cells,
and thus had an inconsistent effect (+OMvs Cel |l s+m cell ar solution).

Addi ng stergLg o$/6b9@gcr ystalline formto OM increased the pg}RER0Ns2
chol esterol into co-2 cells in two experinents and decreased the

absorption in Exp. 1, thus having an gyerall inconsistent effect (OM +
0.4% S vs. +OM). Adding sterols in a solubilised formto OMin the presence

of, Ul Sl i A5\ CEGTORSER, +eNATPL ORI e UBhAlRg that O baHRIRpdB A Caco- 2

cells in'two errments an produce ecrease 1 n uptake in Exp.
1 (+tOM+.0.4% S + 0.4% | sifyer .vs. + +,0.4%.S), Thus, the results
show t hatnl3bitiag u@ﬁ&ﬁ@ﬁgﬁg@ﬁ@mh is apfpct ﬁolpﬁse %@%%%QQISM enul sifyer in OV
nore effectively inhibit the uptake of radiol abeled cholesterol into

Caco-2 cells than plant sterols in OMw thout this enulsifier. Adding
- sterols in a solubilised formto OMin.the presence of enulsifier was al so

nor e effﬁ-ﬁ&r{lﬁiﬁﬁl}éarmilj%ltﬁgﬁllfshe upt ake of chol esterol into Caco-2 cells

t han OM présence of emulsifyer in two of three experinents (+OM +

0.4%8 + 0.4% enul sifyer WO 09708 PCT/ EP02/ 07952 . +OM +.0.4% S
vs. +OM Subjeqtss @ﬁﬂﬂ@eéﬁé rlﬁ,m-gify&lyﬁﬁrq tef‘ﬁémé&{nf%@g@ -O%igeaégﬂa]vm% bi ti ng
upt ake of cholesterol is in fact solubilised plant sterols. Human C i nical
Trial Restartisg total cholesterol 5.6-8.4 mmol/L, and total triacylglycerol <3.5 mmol/L.

Vehicle: Subjects consumed 2 x 250 mL per day of a low fat milk containing an
Omega vegetable oil mix (OM). Milks were consumed with meals at breakfast and
lunch. All meals were provided. This milk contained 0.63% butter oil, 0.56% rapeseed
oil and 0.39% corn oil and thus 1.58% total oil. Control milks contained no
emulsifiers or plant sterols, whereas sterol-containing milks contained 0.4% non-
hydrogenated, non-esterified, predominately soy plant sterols (90% pure sterols) plus
0.4% sorbitan tristearate emulsifier (STS). Skim milk liquid was added to equal to
100%. The sterol-containing milk is referred to as OMS. The sterol-containing milk
contained very few crystalline plant sterols and was thus expected to be biologically

active at inhibiting the absorption of cholesterol (Fig. 4).

Parameter measured:
Cholesterol absorption was assessed following daily oral consumption of 15 mg of
pure D6-cholesterol in 1 mL of normal oil taken spread on bread for 3 days, combined

with administration of 30 mg of pure *C5-cholesterol in 10% Intralipid, for 3 days.



Subj ects: Consisted of 16 mldly hyperchol esterolem c nen, age 35 - 65
years, having starting total cholesterol 5.6-8.4 nmmol/L, and total
triacylglycerol <3.5 nmol/L. Vehicle: Subjects consuned 2 x 250 nL per day
of a | ow fa{ygygslobosePNnt ai ni ng an Orega vegetable oil m x (f¥M/epddohdss were
consuned with neals at breakfast and |lunch. Al nmeals were provided. This
m |k contained 0.63%butter oil, 0.56%#apeseed oil and 0.39%corn oil and
thus 1.58%total oil. Control mlks contained no enulsifiers or plant
sterol s, MhérBesist erol -containing mlks contained 0.4% non- hydrogenat ed,
non-esterified, predom nately soy plant sterols (90% pure sterols).plus
0.4%sorbﬂ|ﬁgoﬁri stearate enmulsifier (STS). Skimmlk |iquid was added to
equal to 100% The sterol-containing mlk is referred to as OVS. The
sterol-coptgining mlk. contained very few crystalline plant sterols and
was t hus %Sé?@gatl%“ﬁ@nb@/g) ogically active at inhibiting the absorption
of cholesterol (Fig. 4). Paraneter neasured: Chol esterol absorption was
assessed fqllow,n ali ral consunption of 15 ng of pure D6-chol esterol
inlnL of?n_ar_\%]i‘%%fk%ggn-_s_p_r_eaﬂ__w__lo_r_gad for 3 days, conmbined with
adm ni strabi on of7.830 @g.of pure 13C5-cholesterol in 10% Intralipid, for 3
days. WO 08/ 0097281245&Eudy Results: Table 1: Chol esterol absorption (%

G .2 84.3
H 86.7 54.1
J 73.5 41.6
K 46.1 36.5
L 99.4 48.3
M 59.1 34.0
N 83.0 35.6
o} 43.9 37.7
P 57.2 37.6
R 69.9 37.3
S 47.5 18.5
T 17.2 45.6
[ 64.1 23.4
W 87.8 18.7

. - o = = . - —— — —  ————— T —

sd 16.9 15.9

Table 1 shows the cholesterol absorption in 16 subjects who consui_ned both control

and 1.8 g of plant sterols in low fat milks with OM.

Conclusion:

Relative to control, cholesterol absorption was reduced from 75.4%to 41.9%, a
relative reduction of 41.1% (1.7 fold less cholesterol absorbed), demonstrating that the
STS solubilised plant sterols in milks containing OM were highly efficous at inhibiting
the absorption of dietary and bilary cholesterol. Such large reductions in cholesterol

absorption inhibition are expected to be correlated with reductions in LDL cholesterol.

Example 1



ID Control Sterol --------mmmmm o D87. 246. 8
E66. 155. 9 G66.284.3 H86.754.1 J73.541. 6 K46.136.5 L99.448.3 M9. 134.0

N89. 035. 6 043.937.7 P57.237.6 R69.937.3 S47.518.5 T77.245.6 U64. 123.4
VWB7.819.7 -wWOO03/009708 - -~ ---------"--==-==-==-======---=- mean 70pch/eeb2ar9st 16. 9

15.9
25

An example of an embodiment of a composition according to the invention comprises

a250ml serving having the following ingredients in the following amounts by weight:

milk (0.655% fat): 96.15%
rapeseed oil: | 0.56%

. corn oil: 0.3%%
STS: | 0.40%
Sterol composition: 0.40%
Water: 2.10%.

Given the purity of the sterol composition used (about 91% purity of sterols) the
quantity of pure/ free sterols in the composition according to this embodiment of the

invention in a 250ml sample is about 910mg.

In view of the fact that the milk has a fat content of 0.655% by weight the quantity of

milk fat in the composition is 0.63% by weight.

Example 2
In an alternative embodiment, water is replaced by an corresponding increased

percentage by weight of milk.

In contrast to the known compositions, this embodiment provides a stable emulsion

having a long shelf life. The known compositions have been found to suffer from not



PCT/ EPO2/ 07952 Table 1 shows the chol esterol absorption in 16 subjects who
consuned both control and 1.8 g of plant sterols in lowfat mlks with OM
Conclusion: Relative to control, chol esterol absorption was reduced from

75.4%to 41%(2?%0@ 08" el ative reduction of 41.1% (1.7 fold peggpe2hodsest er ol

absor bed), NeT®at | ng that the STS solubilised plant sterols in mlks

containing OM were highly efficous at 'z@hi biting the absorption of dietary

and bilary chol esterol. Such |arge redlctions in cholesterol absorption
rejated wth..reductigns in LDL

inhibitiqgn.are.expgected to be cor .

chol est ert5itE 8IS A fosm giaPls-sapisios slupas mes Growsonst an srlGRBPdigh an

enbodi nent of a conposition according to the invention conprises a 250ml

servi ng HaNekisgdeterotages with iigne withetivathout the appearhntd ofvtenyl axystabt s by

weight: mlk (0.655%fat): 96.15%rapeseed oil: 0.56% corn oil: 0.39%

STS: - 0. 4Q%emdHor @ypifARPes sdthaned With AibnogBicefidesy; dO8table emulsion is formed
having a reasonably long shelf life, but clearly visible crystallisation fo sterols over

time occurs (typically, eg unsaturated monoglycerides).

It should be understood that various changes and modifications to the presently
preferred embodiments described herein will be apparent to those skilled in the art.
Such changes and modifications can be made without departing from the spirit and
scope of the present invention and without diminishing its attendant advantages. It is
therefore intended that such changes and modifications are covered by the appended

claims.



G ven the purity of the sterol conposition used (about 91% purity of
sterols) the quantity of pure/ free sterols in the conposition according
to this enbodi ment of the invention in a 250m sanple is about 910ng. In
vi ew of the“t@&?m;ﬁgt the mlk has a fat content of 0.655%pyrsel@Ebd, the
quantity of mlk fat in the conposition is 0.63% by weight. Exanple 2 In
an alternative enbodi nent, water is repgl7aced by an correspondi ng i ncreased
percentage by weight of mlk. In contrast to the known conpositions, this
enbodi nen vides a stable emulsion having a long shelf life. The known
conpositions have been found to suffer fromnot WO 03/009708 PCT/ EPO2/ 07952
26 being able to forma stable emul sion during m xing;, formation of an
enmul sion which quickly deteriorates with time with or w thout the
appearance of sterol crystal formation (typically eg saturated with

nonogl ycet.i delsyompositiors wéiddlecemptisiscm urestenified dterdlaandreyerystabmodifadyl y | ong
shelf life, but clearly visible crystallisation o sterols over tinme occurs

(typically, RSALULAbEH ARG eSTSes). It shoul d be understood that
vari ous changggl%an%rgrmg?lfi cations go tﬂe presently preferred enbodi nents

described herein will be apparent to those skilled in the art. Such
changes and nodi fications can be nmade w thout departing fromthe spirit and

2. A composition according to claim 1 which comprises a crystal modifier which
includes sorbitan tristearate (STS) and optionally additionally comprises an |
additional compound selected from the group consisting of sorbitan monostearate
(SMS), one or more monoglycerides, one or more diglycerides,

propyleneglycolmonosterate (PGMS) or a combination of two or more thereof.

3. A composition according to claim 1 or 2 wherein the moﬁoglycerides are

provided in the form of saturated distilled monoglycerides.

4, A compositioh according to claim 1 or 2 wherein the crystal modifier is in an
amount of from about 50% to about 200% by weight the amount of sterol in the

composition.

5. A composition according to any preceding claim comprising a mixture of STS
and SMS wherein the amount of SMS in the mixture is from about 15% to about

35% by weight the total amount of the mixture of STS and SMS.



scope of the present invention and wi thout dimnishing its attendant
advantages. It is therefore intended that such changes and nodifications
are covered by the appended clains. WO 03/009708 PCT/ EP02/ 07952 27 d ai s
1. A conposwiimnors ch conprises an unesterified sterol amdT&EP¥87832al

nodi fier conprising sorbitan tristearate (STS). 2. A conposition according
to claim1 which conprises a crystal difier which includes sorbitan
tristearate (STS) and optionally addithonally conprises an additional
conmpoundg selected fromthe.group consisti.ng . of sorbifan nonostearate
(SNB " Bne SO B RSBt iy Hgat SRS 4 CRRsGHE AIBPTs

propyl enegl ycol nonosterate (PGVS) or a conbination of two or nore thereof.
3. A conpos%/T$ma&ﬁmhwcm@QMbmtbfd’rGMS\dhdmemmuﬂeds fraoghggdisbdes are
provided in the formof saturated distilled nonoglycerides. A conposition
according t { 180 : ! r il {4 LSq 1 anount of
from about %Oﬁb?%ma%cﬁrwzgggﬁgb%%%ﬁt@amunt %%%%%?%?ql\ﬁ@t he
conposition. 5. A conposition according to any preceding claimconprising a
m xture of STS and SM5 wherein the anbunt of SM5 in the mxture is from
about 15%to about A 35% by weight the total anmount of the m xture of STS
"and SMS7. A composition according to any one of claims 1 to 4 comprising a mixture of

STS and monoglyceride wherein the axﬁount of monoglyceride in the mixture is
from about 15% to about 35% by weight the total amount of the mixture of STS

and monoglyceride.

8. A composition according to any preceding claim wherein the sterol is selected

from the group consisting of unesterified sterols.

9. A composition according to any preceding claim wherein the sterol is selected

from the group consisting of unhydrogenated sterols.

10. A composition according to any preceding claim wherein the sterol is

predominantly from soy origin.

11. A composition according to any preceding claim wherein the sterol has a purity
of about 90% or more in a powder form, its colour is white and not-discoloured,

its particle size is fine and there is no off-taste.



WO 03/ 009708 PCTI EPO2/ 07952 28 6. A conposition according to any one of
clains 1 to 4 conprising a m xture of STS and PGV wherein the anpunt of
PGVS in the mxture is fromabout 15% to about 35% by wei ght the total
anount of t kg sgoedpwge of STS and PGVE. 7. A conposition acecwekopg79sp any
one of clains 1 to 4 conprising a m xture of STS and nonogl yceri de wherein
t he anobunt of nonoglyceride in the mxbgre is fromabout 15%to about 35%
by wei ght the total amount of the m xture of STS and nonogl yceride. 8. A

conpositi C I eln he sterol is selected
From the oroap aapelidon Se@isfid 87 bG8 MIFRGeR haSiebiiio g an on
according to_an Efe edi ga cl ai V\/nerel n the sterol is selected fromthe
group consi sfq é-“ M 9@8&9 Ws&@%@efimmmemacawuscﬁ ng to
any preceding claimwherein the sterol is predomnantly from soy origin.

11. A conposrbowr208od do dboyt 250ndrof cpmpesidbng cl ai m wherein the sterol has a
purity. of about 90%or nore in a powder form its colour is white and not
di scoloured, its particle sizeis fine and there is no off-taste. WO

03/ 009708 PCT/ EP02/ 07952

13. A composition according to any preceding claim which comprises milk.

14. A composition according to any preceding claim which comprises a vegefable oil

having mono-unsaturated and polyunsaturated fatty acids.

15.. A composition according to claim 11 wherein the oil comprises rapeseed oil

and/or corn oil.

16. A method for production of a composition according to any preceding claim
which comprises the steps of:;
i) integrating a sterol in an oily métrix comprising at least one crystal modifier;
if) transferring the oily matrix to an aqueous phase in such a manner that the oily
matrix remains intact and a proper emulsion is obtained; and
iii) processing the oil in water emulsion to make it shelf-stable in a way that the
emulsion remains unaffected and stable aver several months without excessive

re-crystallisation of the sterols over time.



29 12. A conposition according to any preceding claimwherein the sterol
is in an anount of about 400ng to about 1200ng per serving and one serving
conprises about 200m to about 250m of conposition. 13. A conposition
accordi ng @ Al¥esy €cedi ng cl ai m which conprises mlk. l4pchEmonpssition
according to any preceding claimwhich conprises a vegetable oil having
nono- unsat urated and pol yunsaturated fgfty acids. 15. A conposition
according to claim 11l wherein the oil conprises rapeseed oil and/or corn

oil. 16. bﬁc E%ﬂ@%g@p@gﬁg&kiaﬁaﬂ 1% wBichQuRHsks Bt Aessididadng andny

precedin rises the steps'of: i) integrating a sterol in

an oily matrix conprising at |east crystial modifier: o i) :transferring
the oily natkeer 2RIy aatgE At Bﬁ%‘étegﬁgﬁ K ahgyﬁi&. éFielaﬁg?lubﬂiel I%i ly matrix
remains intact and a proper enulsion is obtained;, and iii) processing the
oi | in wateroleaukd; aidingstardt do itte ailemiatrint edrisisting of onpmprising hES @it si on
remai ns unaffected and stable over several nonths w thout excessive
re-crystalli Q%thﬁﬂmgf L bRy shaniglssouer time. WD 03/009708 PCT/ EP02/ 07952
30 17. A net'hod acc rﬂél ng”to claim 16 which conprises the steps of heating

and keeping the oily matrix at about 80C preferably until a clear solution
i s . .

18. A method according to claim 16 or 17 wherein a water phase comprising milk is
prewarmed to about 80°C and the oily matrix is added to the prewarmed water

phase to create an oil in water emulsion.

19. A method according to claim 18 wherein the oil in water emulsion is kept at

.80°C and is not cooled below 80°C until further processing is carried out. |

20. A method according to any one of claims 16 to 19 further comprising the steps of

UHT treatment, optionally followed by homogenisation.

21. Use of a composition according to any one of claims 1 to 15 in reducing LDL

cholesterol concentration.

22. Use of a composition according to any one of claims 1 to 15 in the manufacture
of a functional food product or medicament for the treatment or prevention of

high LDL cholesterol concentration



obt ai ned; adding sterol to the oily matrix consisting of or conprising STS
and maintaining the oily matrix at 80C. 18. A nethod according to claim 16
or 17 wherein a water phase conprising mlk is prewarned to about 80C and
the oi ly maiyg esdosregdded to the prewarned water phase to mreEfgoms2 oil in
wat er emul sion.- 19. A nethod according to claim 18 wherein the oil in water
emul sion is kept at . 80C and is not @qol ed bel ow 80C until further
processing is carried out. 20. A nethod according to any one of clains 16

to 19 furpherA eined of Mertinest & Hrdvertion ddtioh LB JHBMsterMRone &t dtionf 0! | oved
by honobgeni sation. 21. Use of a conpositioh according to anyone of clains

Ito 15 inre i . ch | concentratpon. 22..Use of.a conposition
accor di ng to%g’%ﬂ%ﬂ@%gscﬁgﬁ%ﬁrfa%%igﬂwl?%f?rﬁ?FB?%F?H éccosq.mg%? H‘H&i onal
food product or rreﬁiii,carrent for the treatnment or prevention of high LDL
chol est erol @S§OdHlaisilda Mdop sprunpdionpCT/ EPO2 /07952 31 23. A nethod of
treatnent or prevention of high LDL chol esterol concentration which

conprjses adm nistration or provision of a conposition according to any
one of clainms 1 to 15 for consunption. 24. A conposition as described

h__er ein wWih retehBbGhon 9 HeRBEE RERA Withdefli e 1d the accompanying drawings.



