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The present invention relates to a conposition conprising an unesterified
sterol amaoa3/cey7yst al nodifier and a nmethod for producti omcafEPbiye79s2
conposition. The conposition can be used for reducing LDL chol esterol
concentration. 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 conposition in the manufacture of a
funct i &k Bredychomnrising YnesterifiehSter®l t he treatment or prevention of

hi gh LDL chol esterol concentration and a nethod of treatnment or prevention
of high LDL cholesterol concentration which conprises adm nistration or
consunption of the conposition. Wthin the context of this specification

t he wo "conprises'. is ken to nean. "includes, anon her things". It
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that a high concentration of LDL cholesterol is associated with the

pr obl eosystdl medifien andaah¢thod ifskprdductiomliofithdheampositioraThe canipeosasal er osi s,
hi gh bl ood pressure, and cardi ovascul ar conditions. A typical western diet
exacer | I 11 1S, ] £ hi B -0l and
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humans. In view of the risk, a diet lowin cholesterol is CONFl RVATI ON COPY
VO 03/ oclsteego pramgtipd fooposinction 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

33

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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2 generally recommended which typically includes fruits, vegetables, and
grains, and a mninmumof red neat, eggs, and fried food. Furthernore, it
has been wbasnuwds t hat consunmers general ly prefer foods hipgh/EPe2/o®at ur at ed
fats, because of their sensory attributes including nouth feel, texture,
and flavours associated with these fd@ds. In contrast, diets rich in
fruits, vegetables, and grains appear to be |less desirable. In the |ight

of thi senth@iyaretomandhded with BEAcAIRPE chitle8 dHsitsS Véé‘étﬁlbleE,aéi@glﬁ:ﬁ% ?ﬁ@ e, but

e,
whi ch do not "have negative hedl'th characteristics  associated faoods
havi ng |.arge anpunts of fat. .additjon, there is a need for new foods
whi ch é’b‘&‘fgﬁng’%@ gah F%@Pﬁag‘é?‘gg‘?ﬂ -a di et which provides |arge anpunts
of cholesterol. Sterols, which include phytosterols, stanols, esters of

stanols, esters of phytosterols, oligosidic derivatives fo the above and
conbi nations thereof are known to |l ower cholesterol |evels in humans when

eat en _ ' ' fri.ci 1:S .known t hat
sterols ove\ﬁérr%gl(':%ﬂgfléés)sta@éregﬁ (?dt%gn}g pntg? n(igmtS %&g ﬁ]ées&?%%?h%ﬁéa@toﬂg #Fé}b]spt i nal
tract and conpeting with cholesterol for binding sites, thus inhibiting the
absor ptsatwmatedl faishbeessise o6 theirsensorysatenibutss inoleding myath fee, tdxtureanmd si mi | ar
to cholesterol, but differ by having ethyl, nethyl groups or unsaturated
gr oups fiafohtieidsosiatitl withitheseH86a4!Sh Ointt3€! diets HchUnl kil v%%&hb&?,‘ dfs to
chol esterol, plant sterols are capable of inhibiting chdl eStero
absorptian. However,, despite fhe facf th sterols are present .in high
concent&F3R5 GARSATHO o lssk esgq&}gff:.igﬂ}ﬁ)lllght O?flttl?@: ﬁ%ﬁ‘i@l”s%?%@ﬁfﬁrﬂ%f%qderol s are
| argely renoved during

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 1s 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
baving 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



WO 03/ 009708 PCT/ EP02/ 07952 3 processing and are not consuned. Therefore,
typi cal foods consunmed in typical quantities, of a human diet generally do
not cont awo 80Hd70Ei ent anounts of sterols to contribute eCraro2umby to
reduci ng chol esterol absorption. In order to obtain an adequate anount of
sterol required to lower chol esterol kevels, the diet nust be

suppl enented. Therefore, there is a demand for new foods which deliver

concenPioaer A Uil Chott st THEIIRE pllgartiBle tOymdl B G0, (e

chol esterol -1 owering properties concerns their bioavailability, which is
| i nkedqeantitiesi pf adiewn diet generdlywvlo moh comtain sufficidnt emounts ef sitmlate abl e to
decrease chol esterol absorption only when solubilized in nolecular

(UncrY§61ﬁiibh§eeéﬁ“eétﬁfelﬁ}to-r%cin'§mlyst«jff&?:ﬁﬁ bfigt he amount of sterols in a

di et does not ensure “that cholestero eve are | owered because even if
sterols are included in a person's diet the benefits of consum ng sterols
may not be obtained. In particular, sterols in the formof crystals, are
not readily absorbed by the gastrointestinal (@) tract. In contrast,

st er ol & ordet tdebiain an adbglitt hartint 6f Bletdl refiRed té Maver dhRYestdn] Reeposor bed
by the G tract. Therefore, overcom ng the problemof solubilization of

sterolg ipn food qmatriges present s key challenge in the.fo | ati on of
ant1 - it et RSy B Sl EhenleBl TRRRRR, fier€ts g d8mald Horashy roSe Whithn
i ncreasing solubility by production of esterified and

deliver sufficient amounts of sterols to humans 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 must be in a solﬁbilized 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



WO 03/ 009708 PCT/ EP02/ 07952 4 hydrogenated sterols or esterified and

non- hydr ogenated sterols and known products are on the market, such as
spreads, wealoadodnessi ngs and yogurts which include this frarmpPot/0B®sET Ol .

Al'l sterols available on the market today suffer fromthe problemthat

they are very poorly soluble in unestgrified form A conposition conprising
one or nore sterols is described in US patent no. 6190720. The conposition

has on r | S, r ] r Lidiers and
e o Buiouthih SR G es R R G o ANl IR b or
| owering cholesterol |evels. However, it, has heen foa&? t ha (ih .known
conpos atd emthecoatket, sugh astsprasds, salad deassugs isnd yagurts ‘&Bﬁi“ Engly‘s do not
have a long shelf-life. Wthin the context of this specification not
stabl e &t bRKRRI ATl @&kwfé%vaﬂabﬁthmeﬂfodfa?_tsuﬁeﬂﬁw e OBESA thand 2)
recrystalisation of sterols. The present invention addresses the probl ens
set out, above. Remarkab it has now goeen found that a conposition

conpr i $hEYATE VEFY, BOGHY ‘?El’un‘:ssé?ré@?% MM-om t he group consisting of
sorbitan tristearate (STS) provides a stable conposition wherein sterols
are kept in nolecular formfor a shelf-life of at |east several nonths.
Surprisingly, conparative test data shows that known conpositions

E,glr-}) EL%%?‘%‘;‘E%%LS% fcioxenrp%isﬁ?gvc(i“né1 OF nf2E U bis GS bV FiteR ih VS pheafhS: 618972y 009708

The composition has one or more sterols, one or more fats and one or more
emulsifiers and it is suggested that the disclosed composition 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.



Consequently, in a first aspect the present invention provides a
conposition which conprises an unesterified sterol and a crystal nodifier
conpri si ngoaomvan tri stearate (STS). Preferably, an enirodinpeno79si a
conposition according to the present invention conprises a crystal

nmodi fier which includes sorbitan trisiearate (STS) and optionally
additionally conprises an additional conpound selected fromthe group

or mor 6OAresng oL B SSRRR T E BERLAL ikon BRGSKs FRREPSRIE WARK nat i on

of two or nore thereof, This _conposition provides the advantage that

st er ol SOTRBTISsan wuestertiigd seraliandia eystab mﬁigﬁdf camprisiag soehitaputeisteakatown
products the conposition therefore has a long shelf life. Remarkably, the
corrpos'(sj*g)n provi des a product having a long shelf life at room
tenperature (even under tropical conditions). Preferably the nonoglycerides
are provided in the formof saturated distilled nonoglycerides, eg D nodan
PV (TM. Preferably an enbodi ment conprises at |east one nonoglyceride and
at | east one diglyceride. WO 03/009708 PCT/ EP02/ 07952 6 Preferably, an

enbodi Reefitrably, ancemiputiiient of aconipdsitipri sccobding te deypresenefvéntion conpri ses
STS in an anmount of from about 50% to about 200% by wei ght the anpbunt of

St oy o clyfiptifes £ERATdler Which RIcRI¥s 38t rlsfoaP O S TS S BFROAMTRY ™ O
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.



wei ght. Preferably, an enbodi nent of a conposition according to the present
invention conprising a mxture of STS and SMS conprises STS and SM5 in an
amount ofwbrosmoy7apout 50% t o about 200% by wei ght the anowatr/Epo2/8196z 0l in
the conposition. More preferably it is about the sane anpbunt of sterol by
weight. Preferably the anpbunt of SMS4n the mxture is fromabout 15%to
about 35% by wei ght the total anpunt of the mxture of STS and SMS. More

pref er e.a . in the.m xture. i bout 25% by .wei ght the
t ot al ?n%fé%atbtlg’fmjt %@HW{W?"@ cagqrosion %f&ﬁg}éﬁssrv?nawvsﬁ%%i nment of a
conposition according to the present invention conprising a mxture of STS
and PGeBmpoispy S8 9n STSmeunt mrabant 6% uotaboirt 200%nbyabeight T0dainouabout
200% by wei ght the anpbunt of sterol in the conposition. More preferably it

is abo : - Qf i I I t of
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anount of the m xture of STS and PGVS. Mre preferably, the anpbunt of PGVS
in th&$8bture is about 25% by wei ght the total amount of the m xture of
STS and PGVS. WD 03/009708 PCT/ EP02/ 07952 7 Preferably, an enbodi nent of
a conposition according to the present invention conprising a m xture of
STS and saturated distilled nonoglyceride conprises STS and saturated

Ut bR U SO didnl oF 3 AIRPHicH addoPing 1S the Brovent nvemion 007 Y
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 a 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 the 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.



wei ght the anmount of sterol in the conposition. Mire preferably it is about
the sanme anount of sterol by weight. Preferably the anmount of saturated
di still edwormegbgceride in the m xture is from about 15%PCa/ERODOMSB5% by
wei ght the total anount of the m xture of STS and saturated distilled
nmonogl yceride. More preferably, the &munt of saturated distilled

nonogl yceride in the mxture is about 25% by weight the total anount of

the ni phfe@b®f, AlnBodintal Wral @nsbsttidd ﬁ&%ﬁdﬁﬁg% &uecﬁféseﬁt invERGSEr ably, an

enbodi ment of” 'a conposition according to the present Invention conprises a
sterol selected fromth oup, consi sti.ng.of unesterified sterols. . Mre

or of or SBTPTIENE ATRHGFE PE SIS aikh ﬁ-te@rélﬁtﬁlkfgv@aggﬁsﬁ@ﬂgppwrws STs and
unhydrogenated sterols. Even nore preferably, the sterol is predom nantly

from sesunited distified menoglhyetidgianat adoudtsfifr@nabeutb0Y fot abvas 28026 1bist y  of
about 90% or nore in a powder form its colour is white and

not - di scol ed, | rtiG l.ze is. . fing.and there i.s.n ff-taste. This
b ovi o SER IR el gE Sehdfinithg o8 b iions AR ekiiFelly i Brlithe ke
contam nation wth heavy netals including |ead. These netals have been

pr esenamayntohstarol byrweight Préferabdy theramountef shtirattdsbistilédhg sterols in
known products. WD 03/009708 PCT/ EP02/ 07952 8 Preferably, an enbodi nent of

a conmpasinti | . [ | ' in an
ot o A B e LR B R L eSS By velgh OB ' Dout
600 t b 800 ' wh [ ' '

o al%o%nto cl)JtI the mixtute of §’F§ an gsaturgtreg Id?sﬁ?ﬁ% nslglgc;/gllgfger(l;ger.m{/lloiee %referably,

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 is 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 a powder
form, its colour 1s 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.



about 200mL to about 250nml of conposition. These amounts refer to the
anmount of pure sterol in the conposition. Preferably, an enbodi nent of a
conposi t iwp taoewngli ng to the present invention conprises PariEeo2/®Pef er abl y
the mlk conprises about 0.8%to about 2.2% by weight fat, nore preferably
1.58% by weight fat (including enulsiier). Preferably an enbodi ment of a
conposition according to the present invention conprises fromabout 90%to

about 9 ' \: I [ 9 9% by wei ght
m |k, ?rgeg%ﬁglpé?he%wya%%%?? 3&0@4@5@@&%‘%&8@9‘%&? E%ﬁ%?@f@% 5’5}’3?% mik is
cows mlk or mlk_ from another source including soy mlk. Alternatively

t he mi enpHsespderg] fman pmaung of abont 430mg) te sbeutcl200mg pérssrvdgnmarer

exanpl e whey. Preferably, an enbodi nent of a conposition according to the

Pr es enprofeuBRt At 60O {05t B00nfE R SeARhY wiltfeif dnd rinkRBFIHNCS O !

havi ng appl i cabl e anoun nono- “unsat urated and pol yunsat ur fatty
aci ds. Preferabhl he, 0i oppri ses. .rapeseed oil and/or corn oil.

Pr ef er%i]?ﬂ‘g 2@9‘@&%8&?%%6@5 Ogg%ﬁﬁﬂgppi gfﬁlea%ww ¢ torthe pmonah of

i nvention conprises fromabout 0.4%to about 0.8% by wei ght rapeseed oil,
mor e V@3t&r0PitDtic ROTR6N 7952 9 preferably about 0.5%to about 0.7% by
wei ght rapeseed oil, nost preferably about 0.645% by wei ght rapeseed oil.

Preferably an enbodi nent of a conposition according to the present
i nvention conprises fromabout 0.2%to about 0.5% by weight corn 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



nore preferably about 0.3%to about 0.4% by weight corn oil, nost
preferably about 0.39% by weight corn oil. Preferably, an enbodi nent of a
conposi t iwp caoewngli ng to the present invention conprisesPoatEP2/0Psef erably
an enbodi ment of a conposition according to the present invention
conprises fromabout 1.5%to about 3.Qpoby weight water, more preferably
about 2. 0% to about 2.5% by wei ght wat'er, nost preferably about 2.1% by

wei ght tan., Aterngiiyv o Wat er . i.s added.tq the conposjti.on and the
per centpég%mgﬂ}y aﬁ/@}ltgéﬁ )E:SFO %%ﬁ q@@“%&?"@é@icﬁaﬂﬁ?eﬁd Bgr s rﬁEiYa‘i’"hﬁmt . In
preferred enbodi nents the conposition is optionally enriched with vitam ns
and or 0.0M3%tyl weight raptisaed oill Biedierabfharsembodtintas offacconsiyiti Agecfrding

bal anced nutritional conposition which is, for exanple, beneficial to bone

formti - LohE Qi . o) ref ers.ed .

enbodi tomEPiteetinkERid bampHEShiaibe 0830 3B5E:0 % Bl il emn o
advantage that an enbodi nent of the conposition has a good taste which
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In preferred enbodi nents, the conposition includes a sweetener. Preferably
t he swggmgngmwb%¢§ggﬁfoﬁjthough ot her known sweeteners can be included. In
a preferred énbodi nent, one or nore oligosaccharides and/ or pol ysacchari des
are included. The pol ysaccharide(s) provide the advantage that they are
capabl e of

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 has a good taste which increases

desirability of the composition.



suspendi ng i nsol uble m nerals which may al so be included, for exanple

cal cium carbonate (CaCGQ ). The oligosacchrides provide the advantages
associ at esows70pr ebi ot i cs i ncludi ng pronoti on of gut hea&icrheEPot/or9az second
aspect the invention provides a nethod for production of the conposition
which conprises the steps of i) integf@ting a sterol in an oily matrix
conprising at |east one crystal nodifier; i) transferring the oily matrix

to an e in such a F tha he oil mat4 i X r i ns intact
and a. o7 BpaPEeTaERAReE: R Hio MRlnd 5 Seesbindy BRriF A et e
emul sion to make it shelf-stable in a way that the enulsion remins

unaf f esweeteanmisssughi elthough etherkndowmswebtenais: damhe mchetedi ve re-
crystallisation of the sterols over tine. Preferably, an enbodi nent of a
met hod according to the invention conprises the steps of heating and
keeping the oily matrix at about 80C preferably until a clear solution is
obt ai ned. Prfeferably terol is added to the oily matrix_consisting of or
conpri $1 Agrefemsd srabedimest. queptiaose oligosashasides andfor potysavehaygies @g7 08
PCT/ EP02/ 07952 Preferably, a water phase conprising mlk is prewarned to
about gt TH@P@USMCCHI@Me(ﬂ providd desladvantie MEEHRYERE cHBilE ophase.

Preferably the oil in water enulsion is kept at 80C and is not cool ed bel ow

carried,out. r abl he furt her

80C untj| furth ' Pr ef
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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:

1) 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

i) 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.



honogeni sation. Preferably the conposition is cooled and filled foll ow ng
the further processing. 1In a third aspect the invention provides use of a
conposi tiwo tamewngli ng to an enbodi nent of the invention ipcTrEPd2reiony LDL
chol esterol concentration. In a fourth enbodi nent the invention provides
use of the composition in the manufgagture of a functional food product or
nmedi canent for the treatnent or prevention of high LDL chol esterol

concentration In a fifth enbodi.nent. .the invention provjd t hod of
CF 6at nRSTEroR, P Syt PRAsSOMETYRE HHIK BSFBSTE f0 s ombiadiith
conprises adm ni stration or provision of the conposition for consunption.

WO 03/ 9091&08 aﬁ@%&lﬁﬁ’@%ﬁmneﬂ&vﬂdﬂpha&nal features and advantages of the
present invention are described in, and will be apparent from the

description of the presently preferred enbodi nents which are set out bel ow
with reference to the drawings in which: Figure 1 shows m cro-phot ographs

illustrating the enul sion obtained according to the present invention;
Fi gur eP2fegablystherioth ip- whier egrdgios 1§ kéntsit 8 Cragdan netrobelied roebdow S0AE€dmti]
according to the prior art for illustration only; Figure 3 shows a

scheneﬁ]irﬁ' ﬁf@@ s eardigignt of a nethod of the invention; Figure 4
shows ‘e e(e:lts onie(E:%ngs genegadtIg'd i mages of m croscope slides show ng

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 according to an

embodiment of the invention in reducing LDL cholesterol concentration.

In a fourth embodiment the invention provides use of the composition 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.



enbodi nents of a m |k product conprising sterols which have very few
crystalline plant sterols. These enbodi nents are considered to be

bi ol ogi cawby3aet7o¥e at inhibiting the absorption of chol esramrot/o796nr t he
purposes of clarity and a concise description features are described herein
as part of the same or separate enbﬂvinents, however it will be

appreci ated that the scope of the invention may include enbodi nents having
conbi nat,i.ons all or,sqme  of t features described. WO.03/ 00970

T, EPRSMRosblenBires §hd 3aHtaces: ¢ e oraseih v bin oi deicrbR tar and wil
conposition according to the invention is snooth and provides sterols

whi ch B gppanéedr@hethe desttiptionwbfdsd presentiyrpeefemtd etbadiménts whith acont rast a
simlar conposition according to the prior art has sterols which have
crystallis to farm e |k ruct.uras.. As seen in figure 3, an

enbodi SI‘?&HPF%IOXI Bﬁhcrggeggxg%ect&tb? ?ﬁ%?ﬁﬁ@ Vﬁﬁ%‘nt ion conprises the steps of
formng a first solution by enulsifying oils, enulsifier and sterols at a

tenperature of at |east 85C, and separately form ng a second sol ution by
prewarm ng skimed mlk at a tenperature of at |east 80C. The two sol ution

The mhceire! PaoR B b R B R e s ing B85 Vg

fol |l owed by honpbgeni sation. The mxture is then cooled and subjected to
asept i RFEHGHLRVEALOLE ydy 1

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

prior art for illustration only;
Figure 3 shows 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 separate 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.



The foll ow ng conparative study shows that negligible plant sterol crystals
are present in an enbodi nent of the invention conprising a filled mlk

cont ai ni ngofsmes7st erol sol ubilised with STS. Principle offCAgPay07952
Non-esterified plant sterols are hydrophobic and remain in crystalline form
inlowfat liquid mlk and lowfat vegetable oil partly filled Iiquid

m | ks. Specially designed emulsifiers, and m xi ng, heating,

honogeni j . HT .ty eat nent. st eps. are WD,Q3/ 009708 PCT/ EP02/ 07952 14
nec essg‘rsf/sglyrlu%gf %éﬁ'g? gf"“f‘%%?ﬁﬁsg?wgﬁ 0[%61 Qrposyiaem acqasdingeoghe imventionol  and
keep it in a soluble formin the mlk for long periods of time (nonths) at
room t enfeecthuand. providde sterble yehichadk tritegratedoinl the 2o ioRShGEMbAGS1AT P! ant

sterols will be in the biologically less efficous crystalline form
Conver g&hy I & - Tal P : . properly sol.ubilised,  a_greater
rel ative per ceonl%tf':tég%tevavlH 'ab%(ﬁlﬁlgésg%gﬁ g?é&gﬁﬁ}ao 0] eﬂ’(’#ﬁ“@”ﬁ%&@ﬂh@%as now
been devel oped_to guanti fy the anmount of crystalline plant sterols in

|i qui dh#ve @ysialiseddo fprn agedledikevstricaires.enul sifiers (results with the

enul sifier STS are described below), using radiol abel ed plant sterols.

Speci al caution was taken to add radiol abel ed sitostanol to unl abel ed
pl ant sterols in such a way to produce a honpbgenous m xture w t hout

changi the. structure of. the plapt sterols. The hydrogenated sitostanol

tr acerﬂgé?\%&ﬁ%#é’ﬁ %}nli’?)‘{]’-?jl'?gt BEF Phgesy aﬁ‘l’%ﬁm&@ea{l@ ligveintiom commprisdson and

re-crystallization perspectives and is thus considered a valid marker. In
the steps of forming a first solution by emulsifying oils, emulsifier and sterols at a

ot

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 is 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



t he procedure described below, the pelleted material follow ng
centrifugation was representative of crystalline sterol. However, the act
of centriwogawionsitself can result in plant sterols thatPCEsEPe2/0TSE
solubilised re-crystallizing and thus becom ng pelleted. The anmounts-of
pell etable material is neverthel ess proportional to the amount of
originally crystalline plant sterolsl4n a given food preparation. Method:
3H Sitostanol | Sterol Powder Preparation. Radi oactive sitostanol was added

to t haecemaryhindirdgefvatthe enndsifiestestay bedné k@ tie plast stbfol pPhaddeepriahesy of
soybean origin in such a manner to achi eve a honogenous m xture of 5 G 3H

per gr er o : 7 LEPO2/ Q7S 15 | Kk Preparation. All
m | ks ngsﬂé’gg foﬁ%%@gﬁ%@%@ﬁgieﬁgﬁ gﬁ‘gg% 6{%%%5%%"?% BRESIG | (0), 0. 4%
sterols (S), 2% water (W, plus or mnus 0.4% STS, and non-fat liquid mlKk
(M vadided these gonditions, dnlyad small percentageafoplas ESraksswilkhe énltheo 110C,

powder ed, unheated S was added to the heated STS solution, and the S/ STS

m Xt Ul 1 ?@Hsee@fé&sng&gt Ey\%gmo.r bead eyt g}] t S/ STS
heat e? sggﬁt%llgn, a%d t he /ag%g/ mx?ure wa ,%’:@eﬁ a{l%g%?glstag?r%@?ature of
85C. MWwas pre-heated to 85C.and added to_a Polytron m_xer, The S/ STS/ O
m xt uPEoRgLlygspdubbised, egreatoralatine Petceatigs Jvillobaviry fhe crystaibmeyiormn A The fi nal
m xture descri bed above was renoved fromthe Polytron and cooled to room

t enpepasdedare PAJ dsw Beep deeeloped b9 ghiakifythe 2MBune oL cishialiné pRuksRpaIsed

i dentically.

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

origimally crystalline plant sterols in a given food preparation.

Method:
*H 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 pLCi *H per gram of sterols.



Quantification of Crystalline Plant Sterols in the M|l k Preparation. One nL
of the above m Ik preparation was added to test tubes. After

centri f ugaiosmoEds 20, 000*g for 3 minutes, the m xture comeTatPeZio™52 a
conbined liquid | ayer (supernatant) and a solid precipitate on the bottom
of the tube (pellet). The supernatant was placed in a scintillation vial
follow ng aspiration with a pasteur pipette. The pellet was rinsed

r epeat edyfyi Wrddragbat | &ah& n

scintill at | on‘ﬁﬁ ui gﬁ %%ﬂnﬁﬂ%s;ehg%%:%ﬁ} t1ro “%?F%?gﬁvé%%‘%@j& QS8YBE%@
scintil I n VI R J.adi oa y in the supernatant and pell et
count ed raaTeSg]ga@ V2 /AT 31181085104 % B S rewid qarpfatdejuidt / cpm
t ot al |nthetest tube Std DeV|at|on) Centrifugation 20000*g 3 min WO

03/ 0097 AIIPET) FRAEd 6Y 96@in dfinalSWlBeSE 10090 @r%@eate%% PPgs (no change)
SWWO+STS 0.35 0.019 (-) SWWO+STS 0.25 0.062 (-) The values Tn the table

"opr cseRbairoR: BPARUPE SIS pdad Rt it Eﬁ%pi s /A BopETs ot

sterols relative to the total anount of sterols added to the test tube).
The ni niigsdiegied tp d20r €. Oownb prefteategietol 45" Chaddedio the 'S TS heatddosdligomMOUNt
in SWM A difference of |ess
and the S/STS/O mixture was brought to a temperature of 85°C. MW was pre-heated
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 for 3
minutes, the mixture consisted of a combined liquid layer (supernatant) and a solid
precipitate 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.

Results:

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



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

i ndependent experinents with the sanme m xture. The results fromthe table
above showotobmaborohe sterols placed into WO wi thout enul PCTiEP0z0RSE 80%
pel | et abl e (SWWO above). Adding STS dramatically decreased the anmount of
pel l etable material to 25-35% SWWO+ST$6 above). These results show that
the addition of STS keeps the sterols in a nore soluble (less-pelletable)
state. fWant sterol so'sa;l;be)os?ol ubI e state are known to effectively inhibit
t he ab J|_I’l of dygpar |nthe gut. Study 2 The foll ow ng

conpar gI I gl e plant sterol crystals are present
?% T 5‘?

in fil sterols solubilised with STS, in the
pr esenceVHiT @| SdSaci @25 ﬁr%%( Ple of Assay: WD 03/009708 PCT/ EP02/ 07952 17
In Study 1, we showed that follow ng centrifugation of mlks, the pelleted

mat er i afhd Galudy RPAE tABIBAbOYE réfiRsaifldinddh ofAvepAbatRs! AIBeh& f{&%&ﬂ i ne

pl ant sterols. Radi ol abel ed pl ant sterols were used as a marker to

gquantify the .anoun f rial e This quantification schene
was e 1§ I@?iﬁ&tﬁf c OLe FWS@EF%%SF‘&? kﬁfﬁpoma&@‘ Miperediedlet sterol s
to be bi ol ogi cal |y efficous at inhibiting the absorption of dietary and
bi | ary stérolsaslativelto thewntabadotiibofstoreds addedntthe test titse)P | BHY mbhersigs nust

be
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% pelletable (SWM+O above). Adding STS dramatically decreased
the amount of pelletable material to 25-35% SWM+O+STS above). These results
show that the 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:



solubilised and nostly non-crystalline in the original food matrix (Study 1
above); and 2. during the intestinal digestive process in the presence of
nat ur al | ywoaswoa7osig bil e acid, |ysophospholipids, and fatCy/Epoz/a®s2t he

pl ant sterols nust remain solubilised and not re-crystallized. A nethod
has now been devel oped to quantify thg anount of non- solubilised plant
sterols in the presence of bile acid, |ysophospholipids, and fatty acids

to si N Sfudytinevd sHRSdd ' i , .1l S.consi dered, that |arge,
non- sol ubi Ilyslégwj cr ystdapﬁkggﬂst eggo%gng%l%%ﬁ(;ﬁ?ﬁgghg‘gﬁrgﬁ%@ese‘i’é‘ﬁ%*ﬁﬂ? | i sed
in the ]g)ut, .an calnnot efffectivel inhibit the absorption of dietary and
bi | ar yP'ORSY t&lag (e RauRES %ﬁ‘l)luéﬂ@ﬁd crstallioe pltantstabls. Radmlabdied t er
chance of being re-solubilised in the gut matrix. Method: 3H
Si t ost plant gtStods olerPovelbis PrepRERi i r i Ari | fication
of Crystalline Plant Sterols mre%%%rﬁ@?i%%%ﬁﬁ%&%@%t for
trifuge at 20,000*g for 3

quant i 4j.cat i test .tubes were spun i e
M nut eimgﬁg‘b‘ggﬁ%%s%p%wﬁ ﬁH%Pé@PC%HB i%légy éf Egr p daed prepsrationpeed woul d
result in nore radiol abel ed pelleted material than slower spin speeds. WO

03/ 009UEIPTY HRORVEMIS B ba biddpially effiddue paimtibihg hekibsspshGFso! ut i on
contai ned 150 nM sodi um chloride and 15 nM sodi um phosphate, brought to pH

7.4 Wd; ' [ sodjum t aur ochol ate and egg .l ecithin
wer e a%llgte ?%éggﬁljevedﬁlg%a ’ g’gong%@ﬂgﬁ I(W'@Jc fi’j‘? n§% erg‘ei’h%“qf%ﬁ@%%gtihﬁel y.
The sol yti.on was gently stirred overnight at room tenperature

solubilised and mostly non-crystalline in the original food matrix (Study 1 above); and

2. during the intestinal digestive process in the presence of naturally occurring 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 matrix.

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.



with a magnetic bar and filtered through 5 mfilter paper. The above
mxture is referred to as bile acid solution (BA) Plant Sterol

Sol ubi | i 2&Di0a/009708 t he Presence of Bile Acid. One niL of th@CwKiEHPk2/07952
preparation was added to test tubes along with 0.5 nL of bile acid. Thus,
the final concentrations of bile sg/ts were 1.5 tinmes |less than the
starting concentration in BA. The | k/ BA sol ution was incubated at 37C
and agitated at 30 rpmfor 1 hour. Results: Sample 3H sitostanol,  (cpm
pel | Bileciwid Poepdrationt He bilesicid safution sprtaimss, | 30 mivi sodiip Pﬁﬂ%’éﬁﬁ @M 20000%g 3
mn Centrifugation 50000*rg 3 mn SWwW0 0.80+0.026 0.86 0.0183 SWwO+BA
0. 52 15 diOtdinkm b6 phbbe O Bhught ¢ Ot i BO M s88iu@ h98R{xide. OTHeh, 0. 011(-)
The values 1n et e above

represent the nmean of 4 replicates. A higher

f ti nmber _i tati f Jystalli t |
(pr opodinmoistashplaie aadsenesitiiy mars addr s EVs Bngk ongnipioRbeRe of

sterols added to the test tube). The mnus signs refer to the change in

t hi's o @tiAM, @kccHi@eky0 THeS chiRvvah BerBWViRreN\OVERi o7 @8oMATFROMN0Y 952 19
Simlarly to results of study 1, the sterols placed into WWO wi t hout

ar | y t
O Sitts prehrie basual ters BrSudttY MrPrie? paBS:. SHRUBYWE ifbure'i€ D

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+0 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 = 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.



emul sifiers, about 65% of the sterols are no |onger pelletable (SWWO vs.
SWWO+BA above; 20,000 g condition) indicating the BA solution helps to

ei ther pwewsnbe7esi gi nal crystallization fromoccurring sipedeEPotre7ont | ks
were prepared only one hour before addition of BA, and/or that the BA
hel ps to re-sol ubilised previously ?§ystalline the plant sterols.

I nportantly, as conpared to the condition without STS, 1in the presence of

STS, a.lesser proportion of plant sterols were pelletable (SWWO+BA vs.
SV ﬂ@xt%%‘i}’gt,s @%lgﬁl@ﬁt@@fﬂgecijf %%WQ wyithout smudsifieryaenat i n
the presence of BA, the plant sterol/STS conplex will be in a nostly

sol ublgeys péllétablesSWVRO] 20,060 ighushdiiuid) darthe prdiahcd bf Bile acidUittbt Matrix,
the plant sterol/STS conplex inhibits the absorption of dietary .and bilary

chol e Q an e nt reduces LDL cho t ncentrations.
St udy%gﬂmiligr% ?ﬁ%‘f@%ﬁﬁé{%ﬁﬂﬁ &%goi?n%ﬁ{ﬁeﬁg{a@i%&%ﬂiéb@or pti oln ofS
chol esterol by caco-2 intestinal cells. Principle of assay: Intestinal

cel | s SWMchiD+BAcatinsiea 26, 00ng tenditionpinididatinisi tha B A sblusionrhelretd éittiery
organi sm Radi oactive cholesterol is incubated with intestinal cells, and

"nto Pher oo BEERELRsUNPAR ROt RLANE sfis-ull plBFoR B il B B 50

what happens in é\ Jivi r%:) organi sm As_conpared to incubations w thout added
pl ant hour betore 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

mtestinal 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



sterols, with plant sterols added there is proportionately nore
radi ol abel ed cholesterol in the nedia surrounding the intestinal cells,
and | ess wadBobebel ed chol esterol taken up by the cells. pElFtEPOR0795M | k
preparation. Al mlks contained 2.7% onmega vegetable oil mx, plus or

m nus 0.4% plant sterols, plus or ginus 0. 4% enul si fyer, and non-fat
liquid mlk was varied to bring th G otal volurme to 100% Emul si fyer and
plant sterols were first heated at 140C, then the onega vegetable oil m X
oi | wwhathiafgrens i arivieg ovganksna. 4% compared g inpubastensavithowwddediplantat 85C
The emul si on was honogeni zed in two stages at 300bars then 150 bars. The

enul SLenynag;R gfe{rﬁ WdrsRGhddaet tﬂeﬂéCif’ Pr@%\e raefate} C}}"ﬁgré Sdbelrl cﬁ@lesﬁ%’ol

i ncubat | on preparation. Caco-2 rein te in 24 wel Iate5|n
medi um cont |n|ng DVEM enri ched wi {.h an ant i.C 2% Mwith 4.5
g/ L giibe 9ISH§0E9 15‘%'[%@91 tegiinglcalp, a1 eﬁfhr %%lsafgpﬁsteéo #Panyci n,
and 1.0% 100x DVEM for 21 days at 37 Cin a 10%C02 envi ronnent. Medi um
was cphaggeselpvery 2 days. 0.6 nmM | ysophosphatidyl choline, 0.2 nMoleic
acid, 50.tMcholesterol and 0.2 G /nL (414C)-chol esterol were solubilised
in chloroform nethanol (2:1 v/v), evaporated under nitrogen, and to the
dried m xture, bile salts in DVEM plus 0.3% BSA, were added to achieve a
fi nal Maghoeéntration of 1 mMtaurocholate, 0.5 nM taurochenodeoxychol at e,
0.5 mM t aur odeoxychol ate, and 2 nM gl ycochol ate WO 03/ 009708 PCT/ EP02/ 07952

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 vegetable oil mix oil was added 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 medinm
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 pM cholesterol and
0.2 uCi/mL (414C)-cholesterol were solubilised in chloroform/methanol (2:1 v/v),
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



21 (mcellar solution). Radioactivity was counted in an aliquot of these
mcelles (5 L counted in 2 nL scintillation fluid), and the renai nder of
the m celWwearo3mad7og i ons were distributed into gl ass tubesPCTrEP02/07952
qguadruplicate, non-hydrogenated, non-esterified plant sterols (S)

predom nately of soybean origin (plus,or mnus emulsifier) were added in

|l ow fat m |k contai ning an Orega vege%labl e oil mx (OMfor Orega MIlk) to
achieve .a final concentratjon of 40 nmM sterols. Tubes were incubated for 2
hours SPIElaRsolEapl Radieastvittianaseouted iban oliqeatodf thatremiedles(fintied. Af t er
washing cells 2x with HBSS, 0.5 nL of the plant sterol/bile salt/

I h gl 2l intdlati g/ P .
ysophosaited ilg!hetintilatibatthndaehd the faﬂéﬁh%g@: ﬁ%&ﬁgﬁ&s %@ﬁﬁéﬂ%ﬁrﬁgﬁ was

added to the cells for 2 hours ‘at 37 In a

washed 2W.Lh.HBSS. Follow ng aspiration of the nmedia, the cells were

| ysed Qd%ﬁhb‘ﬁe‘a“ﬁ%i@ss&aﬁsaﬁ&g%@“mlﬁatﬁt n drngenatede Ranesterifiediplansl | owi ng
renmoval of 25 | for protein determ nation, the remaining nmaterial was

count estetys €S medainbmttelyf sogbeh otigaf (plasi i o) Aexd e S €S

T
of three separate experinents Sanple 414C-chol esterol (cpmnL In co-2

cells) . . +niqGel l.ar . s Lon.42' 6QQ. 34' 90Q + OM
51" 7001(°+§ E"Z“%%‘g%‘ﬁé&ﬁé 49?%)’5!% JXS%?T% 5 §11?112D%%¥’f- #"f 5@?\%@3@ @8@?\&) +OM
+ 0.4%S + 0.4% enul sifyer 41' 700(-) 13' 100(-) 19' 500(-)

a final concentration of 40 mM sterols. Tubes 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 ul for protein determination, the remaining material 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(+)



+OM + 0. 4% enmul si fyer 39'400(-) 35 700(+) 34'400(+) WO 03/009708

PCT/ EPO2/ 07952 22 Each value in the table above represents the nean of 3-4
replicat edo 03he7p$ us and ninus signs refer to the changepcalEw2w®s1 0 t he
condition inedi ately above. The addition of low fat m |k containing an
Orega vegetable oil mx (OM either shncreased or decreased the uptake of
chol esterol into Caco-2 cells, and thus had an inconsistent effect (+OMvs

Cel | sy . i . Addi n terols in rystalline formto OM

i ncr egsggg%ak@%;@gﬁﬁeﬁlg%g 8:““5.3?’3? ﬁ}entpgan @ngfgpi’&ﬁt% The pliws @dber i nent s
and decreased the absorption in Exp. 1, thus having an overall

i ncondiisne Agnerelst to flanhange4ebasive so thedndithon imeneslitel! sbgve, @ sol ubi | i sed

formto OMin the presence of enulsifier decreased dramatically the uptake
of cholesterol into Caco-2 cells in two experinents and produced a snaller
decrease in uptake in Exp. | (+OM+ 0.4% S + 0.4% enul sifyer vs. +OM +

0. 4% i&l'@ﬂéﬁus’ t&e rgaful,ts show that plant sterols solubilised in the

prese R pkiom) Bt ik opnteiniag enflémegy wegetableidil mix (@Miptithes of

radi ol abel ed cholesterol into Caco-2 cells than plant sterols in OM

Wi t hoiricredved q@riebsdabe®the updldé B9 chbIRERIG if b ikl | Wt OMin the
presence of enulsifier vvasmﬁs Cm)re %a%qfﬂé@t?%(z&gt&?lrgfh%ﬁ |gél@fihagl upt ake of

al so
hol ] . int N I h M in .t f | sif int
of %1 PGSt bRt GRS Cefls homBLIar bolRioRInI o fyer v 03/ 000708
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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% S 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. FOM + 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



23 vs. +tOM+ 0.4% S vs. +OM + 0.4% enul sifyer), showi ng that the active
conpound at inhibiting uptake of cholesterol is in fact solubilised plant
sterol s. wWomano@hs ni cal Trial Results Subjects: Consi stedpaff/EP82/0195d1 y
hyper chol esterol em ¢ nen, age 35 - 65 years, having starting total

chol esterol 5.6-8.4 mmol /L, and totaRk3triacylglycerol <3.5 mmol /L.

Vehi cl e: Subjects consuned 2 x 250 rnL per day of a low fat m |k containing

an  OgegaoKeaes. @% Sv@' Jronwr é@% enMldiRke g&hﬁf&ﬁe%ﬁ% ge@lpsuad at

breakfast and lunch. Al neals were pr OVI ded his m |k contained 0.63%
butter oil, 0.56%r e ai l nd % cor,n oil and thus 1.58%total

oi l . %‘H‘-Jlftﬁlgl?‘ﬁtﬁlkf’so &%ﬁslﬁﬁtﬁghllﬁbn WPB}%%.‘ 1 Bt Ster Qﬁst sterol s, whereas
sterol -containing ml ks contained 0.4% non- hydrogenat ed, non-esterified,
predom nately soy plant sterols (90% pure sterols) plus 0.4% sorbitan
tristearate enmul sifier (STS). SkKimmlk liquid was added to equal to 100%
The sterol - cqnt.ai | k.is referred to as OVS. The sterol -contai ning

m |k 'emﬁai gﬁ/‘g'ilg%& é5§stal line plant sterols and was thus expected to
be biologically active at inhibiting the absorption of cholesterol (Fig

4) . PasudyetserComsissed eﬂ16@mdad11gsh5m6m¢h esgelopanicrmemAgesEes6b yeas, havingg da| ly
oral consunption of 15 of pure D6-cholesterol in 1 nmL of nornal oil

o SRR LD Y OSSO iARD T 50 ™
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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
0il 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-contaming 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.



Results: Table 1: Chol esterol absorption (% ID Control Sterol
24Study ------------------------------- D87.2 46.8 E 66.1 55.9 G 66.2

84.3 H 8@0030de788 J /3.5 41.6 K 46.1 36.5 L 99.4 48.3 PUTBEP00B420 N
89.0 35.6 0 43.9 37.7 P 57.2 37.6 2F\:169'9 37.3 S 47.5 18.5 T 77.2 45.6

Uo6b4d.1 23.4
Study Results:

Table 1:

Cholesterol absorption (%)

ID Control Sterol
D 87.2 46.8
E 66.1 55.9
G 66.2 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 89.0 35.6
0 43.9 37.7
P 57.2 37.6
R 69.9 37.3
S 47.5 18.5
T 77.2 45.6
U - 64.1 23.4
W 87.8 19.7

mean 70.1 41.1
sd 16.9 15.9

Table 1 shows the cholesterol absorption in 16 subjects who consumed 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



WB87.8 19. 7 ----mmmmm oo m e mean 70.1 41.1 sd
16.9 15.9 Table 1 shows the chol esterol absorption in 16 subjects who
consuned wotod/oewngrol and 1.8 g of plant sterols in | ow featr/epPob®sni t h OM
Conclusion: Relative to control, chol esterol absorption was reduced from
75.4%to 41.9% a relative reduction28f 41.1% (1.7 fold | ess chol esterol
absorbed), denonstrating that the STS solubilised plant sterols in mlks
cont ai nhhgxanplesriemhimboginednt iof ausonapositit bédorthag tb HBe aR&AGBhIBMMIsedi et ary

and bilary chol esterol. Such | arge reductions in cholesterol absorption

i nhi bi tj r wWi.th r ctions in L .

chol estaezr?j(g)ln;ﬂ &@ﬁ%}ﬁgﬁ% %fgg? %@@@%@%@#ﬂgﬁ% 5@%&%&?@%#: an
enbodi nent of a conposition according to the invention conprises a 250ml
ser Vi n@”ﬂ&(ﬁ-ﬁ@%ﬁéﬂf ol I owi ng i ngredients in9%.h8% ol | owi ng anobunts by
weight: mlk (0.655%fat): 96.15%rapeseed oil: 0.56% corn oil: 0.39%

STS: Ord¥ieed oil: 0.56%
corn oil: 0.39%
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

mulk 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



Sterol conposition: 0.40% Witer: 2.10% G ven the purity of the sterol
conposition used (about 91% purity of sterols) the quantity of pure/ free
sterol s iwotlhmowesposi ti on according to this enbodi nent ofeCriEPo2/0T¥8ENL i ON
in a 250ml sanple is about 910ngy. In view of the fact that the mlk has a
fat content of 0.655% by weight the quantity of mlk fat in the
conposition is 0.63 % by weight. Exanple 2 In an alternative enbodi nent,

wat er i r ! i necr-easged ercent age by wej ght of
w1 AERIBEToR AR CHaHRR e MENEE BrmalEhooan misionovhues o
stabl e enékllsi on . having a |long shelf Iife. The known conpositions have been
found tBuety deteriarelies Woth WpOwithay 70sh REThERPRIBZT201 Rérobeiygalabl e to form
a stable enmul sion during mxing; formation of an erul sion which quickly

det er i doahgton\(typichlliRgWatilyafdd Mﬁ%ﬁogﬁgﬁe&gﬁ%Z)Eiaag%%lgfegf&lgir()gltiag{)@é |

formation (typically eg saturated w

emul sign_is fornmed,.havin easonably |laong shelf |ife, but clearly

vi si bl glaXWsat Treppuakly i‘?iﬂ& gh@f ﬁ%ﬁ%ﬁ Glbﬁ@rly visihle eystallssationfocidrbls oy
unsat ur at ed nonogl ycerides). It should be understood that various changes

and nodini¢ eairs (yptoallyheg pbesterdtty md fRietigds)enbodi ments described herein
w Il be apparent to those skilled in the art.

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.



Such changes and nodi ficati ons can be made w thout departing fromthe
spirit and scope of the present invention and without dimnishing its

att endantwadsani7agies. It is therefore intended that suchpchrapPgzersand

nodi fications are covered by the appended clainms. W 03/009708

PCT/ EP02/ 07952 27 dCains 1. A conpo3Vtion which conprises an unesterified
sterol and a crystal nodifier conprising sorbitan tristearate (STS). 2. A
conposicijhfis according to claim 1 which conprises a crystal nodifier which

i ncludes sorbitan tristearate (STS) and optionally additionally conprises
an additional conpound selected fromthe group consisting of sorbitan
nonostearate (SMS), one or nore nonogl ycerides, one or nore diglycerides,
propyl enegl ycol nonosterate (PGWS) or a conbination of two or nore thereof.
3. A canpoai dondositie:okdiicly compeised ah tnesteRfivd stecolranidnectyerad glodifier des are
provided in the formof saturated distilled nonoglycerides. 4. A

conposition according - to claim wherein the crystal nodifier is in an
anount of ?%—W%&&P%@%ﬁﬁ%&%ﬁ?&é% by wei ght the amount of sterol in
the conposition. 5. A conposition according to any preceding claim

conprising a mxture of STS and SM5 wherein the amount of SM5 in the
m xture is fromabout 15%to about

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 monoglycerides are

provided in the form of saturated distilled monoglycerides.

4. A composition 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.



35% by wei ght the total anount of the m xture of STS and SM5. WD 03/ 009708
PCT/ EPO2/ 07952 28 6. A conposition according to any one of clains 1 to 4
conpri si ngoasmiworire of STS and PGS wherein the anbunt @CTARBNB0IIN2 t he

m xture is fromabout 15% to about 35% by wei ght the total anpunt of the
m xture of STS and PGWS. 7. A conposition according to any one of clains 1
to 4 conprising a mxture of STS artd nonogl yceri de wherein the anount of
nonogl yceride in the mxture is fromabout 15%to about 35% by wei ght the
t ot al 0-ancsOIPOSeR arcerding toangDBe odintkimsriotyl 4 cempieingt méixiteepssi ti on
according to any preceding claimwherein the sterol is selected fromthe

o1 co0di ng Cl SRy L RO ST OIS B SPRERR U 8 SRR ERYct P g

precedi ng clai mwherein the stero i sting

of unhydr ogenat terols. 10. A conposition according to any preceding
claim mé?ggﬁu'iﬁg"/@%}’v@lg%tstﬁe prelasnowniaf the mistars of S 'agiquG&s. A
conposition according to any preceding claimwherein the sterol has a

purity of about 90% or nore in a powder form its colour is white and
not - di scol oured, its particle size is fine and there is no off-taste. WO

03/.00p708 E%@gﬁg%ﬁoaéggrzdmgz % any one of claims 1 to 4 comprising a mixture of
STS and monoglyceride wherein the amount 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

2

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



12. A conposition according to any preceding claimwherein the sterol is in
an anount of about 400ngy to about 1200ng per serving and one serving
conpri seswoabBmd70200mL t o about 250ml of conposition. 13. PATEPOP@®SL i On
according to any preceding claimwhich conprises mlk. 14. A conposition
according to any precedi ng clai m whi conprises a vegetable oil having
nono- unsat urated and pol yunsaturated fatty acids. 15. A conposition

accor difg | rein the oil gonpri.ses, rapeseed oil _and/or corn
o1 1629 ket RO aete BRRE AT brree i ey it i iny
preceding claim which conprises the steps of: i) integrating a sterol in
an oi |y meAResaicarahous #Agmet tolabast 120Gmg pys bervinpatid 684 servirg cémhpnséer ri ng
the oily matrix to an aqueous phase in such a manner that the oiTy matrix
remai ns i ndek 280611 3 BHORET SHRLLSL | S obtained;, and iii) processing the
oil in water enmulsion to maie |%§%C@¢S§%€ ible in a way that the emnmulsion
remai ns unaffected and stable over several nonths w thout excessive
re-crystallisation of the sterols over tinme. WO 03/009708 PCT/ EP02/ 07952
30 17. A nmethod according to claim 16 which conprises the steps of heating
and kEkpiAdgotipesiidnyadteidink tathn bedtedB ] . m;b?fs | ear sol ution
is obtained; adding sterol éto the oily m?ﬁ%gﬁgs I nsggﬁ r conprising
STS and

14. A composition according to any preceding claim which comprises a vegetable 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:
1) integrating a sterol in an oily matrix comprising at least one crystal modifier;
it) 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.



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 |y mat rweo i3momdgled to the prewarned water phase to cre@ca/E02/079521 n

wat er emul sion. 19. A nethod according to claim 18 wherein the oil in water
enul sion is kept at . 80C and i s not 3gool ed bel ow 80C until further
processing is carried out. 20. A nethod according to any one of clains 16

to 19 fwtbsefnéi@dswawdraﬁl ﬁaeclm—‘%veﬁmhlé ﬁ’t‘% sE&tHPdEps OPhéANR! Ay f ol | oved

by honogeni sati on. . a corrp05| tio ccordi to any one of clains

1 to 15 in_reduci cholet ntratlon e .of, a
conposi ti orke%%rtgﬁ rﬁ’éYtIBa "03219 gO (I%zﬂr raply gmib a; QTI‘-FQ WHonMSacture of a
functional food product or nedicament for the treatnment or prevention of

high LDL chotfateraldiegbrest toaht oily Wniil Q8ik0AsRE U HoAAMIASBTSHnP3. A

met hod of treatnent or prevention of hi gh LDL chol esterol concentration
whi ch conpri ses.adm pi st.ration vi sion of a conposition according to
any one oﬁn%nm tﬁ?(?lli’én?%]rxagogr?g tion. 24. A conposition as described
herein with reference to the acconpanyi ng draw ngs.

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



23.

24.

WO 03/009708 PCT/EP02/07952
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A method of treatment or prevention of high LDL cholesterol concentration
which comprises administration or provision of a composition according to any

one of claims 1 to 15 for consumption.

A composition as described herein with reference to the accompanying drawings.



