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hypocholesterolemic effect, but are capable of exhibiting their cholesterol-lowering
effect when dispersed in these media. Although the cholesterol-lowering effect of
phytosterols is well known in the state of the art, it has been surprisingly found that
phytosterol dispersions prepared according to the process of the present invention have
a significantly higher cholesterol-lowering effect than similar dispersions prepared
according to processes known in the state of the art and have higher cholesterol-
lowering effects achieved using one of the most known commercial products having this

effect, namely phytostanol esters.

Usually, in the preparation of aqueous dispersions of phytosterols, one or more surface
active agents are used as emulsifiers which are added to the preparation in a proportion
over 20% by weight in relation to phytosterols, which is typically over 50%. Most of the
water-dispersible phytosterol powders contain about 50% phytosterols that consists of
one part phytosterols and one part emulsifiers or other additives. Although dispersible
phytosterol powders containing up to 85% by weight of phytosterols can be found in the
market, said powders have a very poor dispersibility in water, and once suspended in
water at 1% by weight they separate from the aqueous phase easily and settle down in
less than one hour. In order to stabilize such dispersions, they require higher amounts of
emulsifiers and further processing, usually by high-pressure homogenization, which
implies additional more complicated formulation steps. Currently, there are no
commercially available stable aqueous dispersions of phytosterols that could be used as
functional food ingredients, mainly because they settle down easily, have a low
phytosterol content in the dispersion (high water content) and have a limited shelf life
(less than one month). Therefore, dispersions are usually dehydrated and
comumercialized as resuspendable powders. In the following sections, the temfs surface-

active agent and surfactant are used interchangeably.

Food emulsifiers constitute only a relatively small group of the emulsifier family, and
many of them have dietary restrictions concemning their daily intake, which in some
cases such as polysorbates can be as low as 25 mg/kg. This limits the combination of

emulsifiers that can be used in the phytosterol dispersion processes. This problem is
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The suggested daily intake of phytosterols as cholesterol-lowering agents is between 0.8
and 2.0 g, therefore, in case that they are accompanied by high levels of food
emulsifiers, the total daily intake of food emulsifiers considering emulsifiers present in
other food items as well might very well surpass the maximum allowable daily intake
for some emulsifiers or in the case of mono- or diglycerides they might significantly

increase the overall daily calorie intake.

There is a need, therefore, to develop solutions to obtain highly stable aqueous
phytosterol dispersions with the lowest possible emulsifier/phytosterol ratio, using the
whole range of food emulsifiers, including predominantly hydrophobic and

predominantly hydrophilic surfactants or their mixtures.

There are a large number of processes disclosed in the prior art aimed at the preparation
of aqueous phytosterol suspensions or dispersions and their use as an ingredient of
hypocholesterolemic food. Some of the most relevant prior art documents of the past 20
years concerning the subject matter disclosed in the present application are shown in

Table 1.

In the present invention the term emulsion has the usual meaning, that is, an emulsion is
a mixture of two immiscible liquids wherein one of the liquids, known as the dispersed
phase, is dispersed within the other liquid, known as the continuous phase. Therefore,
an aqueous phytosterol emulsion means a dispersion of liquid phytosterols in an
aqueous medium, while the term aqueous dispersion of phytosterols refers to the
dispersion of solid phytosterols in an aqueous medium. To form a stable emulsion, the
emulsion should contain one or more surface-active agents and sometimes also other
components known generically as protective colloids. Surface-active agents or
surfactants are substances that have both hydrophilic and hydrophobic portions in the
same molecule, i.e. they have an amphiphilic character. This means that they have the
tendency {o concentrate in the interface, so reducing the interfacial tension. To
characterize the degree of amphiphilicity of an amphiphilic molecule, an empirical

numerical scale ranging from 1 to 40, denominated the HLB value, is used. The lower



Yoon, Win-tae preparing the sanme. 20070231447 Fl eckenstein, M chael
Sterol conpositions and nmethods of making the sanme. EP 1575378Al
Auwet er, Hel mut Pul verul ent phytostergl formulations. 5 6316030

| Cropf, Christian Use of nanoscale sterols and sterol esters.
Nanoparticul ate sterol fornul ati ons and novel sterol 20040033202
Cooper, EllgeHéBRralugy iisi merei hydwphobiChepoditiloissand oepwiersélpgthp highesther ol

and 7or pMB)%IEQ,C{he \{‘%—1&-91%%9 ﬁ)g’a%gp]hilic character of the molecule. There are a large
number of surface-active agents, both natural and synthetic, which are useful for a
variety of applications. An emulsifying agent is a surface-active agent utilized in the
preparation of emulsions with the aim of stabilizing the emulsion. It has been found
empirically that those surface-active-agents having HLB number ranging from 8 to 18
are useful for stabilizing oil in water emulsions (o/w) wherein the disperse phase is oil
and the continuous phase is water or an aqueous medium. On the other hand, surface-
active agents which have an HLB number ranging from 3 to 6 are useful for stabilizing
water in oil emulsions (w/0), wherein the disperse phase is water and the continuous
phase is oil. In the field of emulsions, the term oil means any liquid that is immiscible
with water. The term aqueous medium means either water or a solution, dispersion or
w/o emulsion containing at least 30% of water by weight of solution, dispersion or

emulsion.

Table 1. State of the art processes for the preparation of phytosterol dispersions.

Document number Inventor Title
) Method for producing an active ingredient concentrate and

EP1645267A2 Behnam, Dariush

active ingredient concentrate.

Hydrothermically processed compositions containing
20070031570 Binder, Thomas P.

phytosterols.
6623780 Stevens, Luke Alan | Aqueous dispersible sterol products.

Compositions comprising one to more phytosterols and/or
20070141224 Zawistowski, Jerzy phytostanols, or derivatives thereof, and high HLB

emulsifiers,

. Compositions and processes for water-dispersible phytosterols

20060035009 Gaonkar, Anilkumar

and phytostanols.
WO/2002/065859 Auriou, Nicolas Stabilized dispersions of phytosterol in oil.
20030165572 Auriou, Nicolas ‘Water-dispersible encapsulated sterols,

Plant sterol-containing food, and method for preparing the
20050170064 Yoon, Won-tae

same.

Mixing powder of plant sterol and emulsifier, and method for
W(Q/2003/077680 Yoon, Won-tae

preparing the same.
20070231447 Fleckenstein, Michael | Sterol compositions and methods of making the same,
EP1575378 A1 Auweter, Helmut Pulverulent phytosterol formulations.




Stewart, David John having enhanced solubility and dispersibility.
Met hods and formnul ati ons for enhancing the absorption and 20050244488
Spilburg, Curtis A gastrointestinal I5ioavailability of hydrophobic

drugs. 6110502 Burruano, Brid Method for pr oduci ng water-di spersible
sterol f O{Fg}g tions. 20 2/ 81789? Au€Srg » eN| rcoI %st % gtlgr I zed
di sper si offd'%8 phyt ost B CFEER | . |75 OEEC PR AN r i ch
Bever ages 2@@%33# ing p {:&)nt Ster }9' s | NRREIBEYe el Eravptiers ehd nfye] sekp!
Bever ages i ng praRt’ Sterol s)c.20040814819 Wi, Wen-teng Met hod
of enul sifying phytosterol by natural satf)oni n, . emL:y?i on prepared
. . 1 osterol and 70 1
t her eby angdom@bessseli S Pekktbeidpayt os(fmé’ PO WIETE B SYUE f1e 7orprytostane
having enhanced solubility and dispersibility.
. Methods and formulations for enhancing the absorption and
20050244488 Spilburg, Curtis A. ) ) . . .
gastrointestinal bioavailability of hydrophobic drugs.
6110502 Burruano, Brid Method for producing water-dispersible sterol formulations.
WO/2002/017892 Auriou, Nicolas Stabilized dispersions of phytosterol in oil.
7306819 Lerchenfeld, Erich Beverages containing plant sterols.
7335389 Lerchenfeld, Erich Beverages containing plant sterols.
Method of emulsifying phytosterol by natural saponin,
20070014819 Wu, Wen-teng emulsion prepared thereby and water-dispersible phytosterol
powder product.
20040142087 Lerchenfeld, Erich P | Beverages containing plant sterols.
W0/2003/103633 Cooper, Eugene R Nanoparticulate sterol formulations and sterol combinations.
) Methods and formulations for enhancing the absorption and
W0/2003/094891 Spilburg, Curtis A. N
. gastro-intestinal bioavailability of hydrophobic drugs.
Methods for dispersing plant sterol in aqueous phase and plant
20020064548 Yoon, Won-tae
sterol-dispersed beverages.
Method for manufacturing of free-flowing powder containing
WQO/2003/000075 Dyer, Matthew
water-dispersible sterols.
Crystalline composites comprising phytostercls and
WO0/2001/053320 Stewart, David John i P prising phyt
phytostanols or derivatives thereof.
Compositions comprising one or more esterified phytosterols
) and/or phytostanols into which are solubilized on or more
WQ/2007/124597 Stewart, David John
unesterified phytosterols and/or phytostanols, in order to
achieve therapeutic and formuiation benefits
6113972 Corliss, Glenn Phytosterol-protein complexes.
W0/2006/074752 Veldhuizen, Yvonne | Sachets comprising plant sterol.
Method for manufacture of free-flowing powder containing
20030003131 Dyer, Matthew
water-dispersible sterols.

There are numerous disclosures in the state of the art conceming the preparation of

dispersible phytosterols in aqueous media comprising mechanical dispersion of

phytosterols in aquecus media in the presence of one or more surface-active agents, the

dissolution of phytosterols in some suitable solvent, either sub- or super-critical

followed by the dispersion of the dissolution in an aqueous phase, the preparation of




20040142087 Lerchenfeld, Erich P Beverages containing plant sterols.
WO 2003/ 103633 Cooper, Eugene R Nanoparticulate sterol formulations
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media, the direct mixing of phytosterols with an aqueous solution of some surface-
active agent followed by the injection of live steam at high temperature and many

others.

With the exception of the process disclosed in the US Patent Appl. 20060035009 in
which phytosterols are solubilized by preparing a water-soluble phytosterol-
carbohydrate complex, the general approach for obtaining phytosterol preparations has
been either by preparing water-dispersible phytosterol powders or aqueous phytosterol
dispersions to get hypocholesterolemic effects. Ostlund, in the US Patents 5,932,562
and 6,063,776, also discloses processes for obtaining water-soluble phytosterols, but as
shown in the Example 4 of the ‘562 Patent, powdered sitostanol preparations did not
exhibit cholesterol-lowering effects in human subjects. With the exception of the three
documents above, the state of the art discloses a variety of methods either for the
preparation of water-dispersible phytosterol powders or aqueous phytosterol
dispersions, which in general are more readily obtained than water-soluble phytosterols.
But as shown by Ostlund in the "562 Patent, the efficacy of phytosterol powders or

dispersions as cholesterol-lowering agents seems to depend on their preparation process.

‘When comparing the cholesterol-lowering effect of aqueous dispersions of phytosterols
or water-dispersible phytosterol powders prepared according to the present invention
with those prepared according to processes known in the state of the art, a significantly
higher cholesterol-lowering effect has been observed in the first case, which would
confirm that the cholesterol-lowering effect of solid phytosterols ingested as water-
dispersible powders or aqueous phytosterol dispersions seem fo depend, though

unpredictably, on the process of their preparation.

There are numerous well-known methods for the dispersion of immiscible liquid phases
to prepare emulsions. The preferred methods utilized in the present invention are those
that resort to rotor/stator homogenizers such as colloid mills, stirred vessels and
pressure homogenizers. This equipment is capable of providing high shear stress and

shear rate allowing the preparation of aqueous phytosterol emulsions that give rise to
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The processes of the state of the art do not disclose any phytosterol dispersion process
wherein phytosterols, an aqueous medium and one or more food-grade surface-active
agents, with a low surface-active agent to phytosterols ratio and having significant
phytosterol concentrations for use in the food or pharmaceutical industry, are dispersed
at temperatures above the melting point of phytosterols to form an emulsion, followed
by cooling down said emulsion to originate a phytosterol dispersion in aqueous

medium.

On the contrary, this procedure has been discouraged in the documents of the state of
the art considering the high melting point of phytosterols. In fact, in the US Patent
6,623,780 (September 23™ 2003) entitled “Aqueous dispersible sterol product”, the
inventors (Stevens and Schmelizer) explicitly state (see column 3, line 10 and
following) that “The primary difficulty in formulating sterols is their high melting point.
Commercially available food-grade sterols typically have a melting point range of 120°
C.- 140° C. This makes their dispersion in water very difficult because the sterols
cannot be dispersed in water as liquid sterols without resorting to high temperatures

and associated high pressures.”

In order to overcome what they considered a difficulty, the inventors resorted to mixing
sterols, monoglycerides and a polysorbate such as Tween 60. This gives rise to a
mixture with a lower melting point, which is around 75°C. The mixture is then cooled
down, preferably by spraying the mixture into an air stream. The resulting sterol-
emulsifier powder can subsequently be dispersed in an aqueous medium and be
subjected to high-shear homogenization to form an emulsion, i.e. the incorporation of
sterols into food matrixes requires the use of subsequent homogenization steps.
According to the type and proportions of the claimed surface-active agents, the HLB
value of the surface-active agent mixture ranges from 4 to 6 and the claimed ratio of
emulsifiers to sterols ranges from 111% to 170%. The inventors have found that a
dispersion prepared according to their invention, containing sterols, monoglycerides and

polysorbates, is stable in pure water for several weeks.
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enul si fi er'sogui ‘or carrying out the disclosed invention is
rather limted. According to the Exanpl es of the present invention,

aopl | cat | 83 J00R0508a o RPEIIE TRETHONbgBTYasi O IR R TaagRjoEp <

unst abl e, 2em@oydwen, whe e TRARMEALied Wt Sliud stel§] Ldsthtd, 355y bE.ort he
resul ting dlsper3|on has consi derably | ess Stabl|lt¥ t han the sterol
o

di sper si oRopedperddciligCorths igsHting WisPpERse nvers nvskbicorrcRiding de t theén,

the pr Oceﬁ§arﬂfglﬁ§ loﬁg&qcﬂoee LiBav R (BB 199 1t PRAQP B4 @AGHS @%n@éhkﬁ»w
for the prepa ation of aqueous phytosterol dispersions wth

solid conn'exttlms Birp ¢festivienstathlézeus Thatedore, ﬂqgmanz;eatlf omuba‘@mgauaslbofor

di scl oses_a_net hod, f rat q I

di sper si o‘r:fi"srr}%yg (r)ﬁlqgl? en(%SCléseg i E‘E&tg %tﬁgr Iq%ﬁegn‘g&%#ﬁnguw f%“l& %%&gﬁglﬁthﬁen
heat i ng t pesent Xi\tméonmthch sﬂerorehﬁiesmm prepated acchbOiiy anmeZE;Oﬁ;ﬁ@rl @l the

period ranging fr to 10, m nutes, preferably.from

econds. t GvalainhatRodE Nt geh R ioa N GoORa e bETTe e 1y
| ow shear watd €5 bR geniAGo sidpUisCincilided (askdle 6))1 the Uesnltiy Eishbision aRel ed
down in flash cooler or is further honogenized at_ a high pressure

rangi ng f PEidRObY Joas stabdlig Gban {heisterqrdisrersias| RreRajgdcaecorfifig fo the present
speci ficajjQ 10%0ﬁ§am§ondm% rO%8s 13605ANRURNAFRHch @ 3RADEIRLL UBes R
in the Exanple 1, after a hydrothermal process at 152 C, the m xture
i s cool edalifowfortiy pre@ratied of apjeses dtastsrd dispersionagish highsglehtorsanison
step. Hence, the real honobgenization is carried out on an aqueous
di spersion of solid sterols. To carry out the disclosed process,

f ood- gr adBuelmJImi fh'eeU§ Paterdt Apphddh&l DTS 1 §T0pvaiscldsharn Siethogufh the
| ecithins, disti g nono %\cerld es and the |Ié§ ?rﬁ usgd.
The anounPf"'B‘Fa‘é‘?ﬁJP 4eRYS PIP%‘I’S EE‘?‘v RGPS V'3l RVl and an
Exanpl es dmandie? avb@en R¥ng ﬂianAﬁ.ﬁél%th hiee dicsa de@nrbayerCaihd 20e°C for a
di scl osed process the follow ng_can be set forth: the ran%e of

enul si fi ePFIQHENGBHEPB 3 cpngs ﬁ‘érw PrLRy ESe Arefesably i 30 sspandgiie A niipiges.
val ues | egge h&%ﬁ ProcklickBred LaMeRRulicAITION LAt @M ihe hiixtRIYhEsd
in certain appl catlons t he product béfore the honbgeni zation step

is very ufstrabrtue ispeither oededadlaven int flash deolep geisi fpgherdivmpgepzechet phighuct
till h t
o1 o PRNESRAER LY, a0 OO RGN SRR e e

be disadvdmﬂagemﬂ§mﬁmgmnmmoapmhmnamWQUMHnthhﬁkms@eﬂohﬂﬂamhﬂkm@mmumds

whi ch | d to be | | A
G sadvant BUESBI 1 b i CERDRBE fy trolee it e o0 QPR Bt

the stat engthoddi&afidrl step.SHERURE FiRNfeal aoxhbg%n&@ﬂmggntazmémo&t 6P affaqagpueous
di spersion of solid sterols due to the serious abrasion caused to the

homogeni zBiEPgEPYaSslif fiefHe process of the present invention,
honogeni zation is carried out over sterol enulsions, not dlsperS|ons.
The consequence of this is not only the expected | ack of abr asi on,
but al so, TasexpeettheilijcloseHeroasssfrodrgyadti epdviBero withdewidildh values (s
surpr ' fSI n& ﬁ@?rs%gﬁ &L ﬁe%t 1%? dl&lﬂ%ﬁ n’?o%oaana m-#lgée 1ﬁ£sagldl b ¥1ket eﬂ? used. The
possi bility of’ ‘using a range e

amount of emulsifiers relatwe to the phytosterols in the Examples 1 and 2 was 199%.



13 A convenient technique for the neasurenent of the stability of an
aqueous phytosterol dispersion, used in the present invention and in
the disclosures of Stevens and Schnel{ger and Yoon et al., is the
guantification of the anount of phytosterols separating froma

di spersi on upon centrifuging the dispersion under standardi zed

condi t i ongumohg thédisadatagesmiahe distlogdl pdb@paarlsi follovhiay icagba se:tefmtt]ai the

Phe. rosul (1RGNt DO - LA o ArpRiesyfisr Alp s B o e

measur ed. 5Tﬁﬁ1cﬁt1@1bb§ bt Yim@brtnd @mAIsk fibr Alquitd SRACdeB ki@ hpbBcaB¥d @RSHEdICH
terms of the yield of phytosterols that remain in suspension after

the cent rb?feﬁ‘aﬂlpéwmowqﬂeg steprg Vaiounstablss aad seinatfisy ﬂ%%@gs@ﬂ@r@n
the hi gheg. &Rk lsfif) Yia®fow BEbityS REARS (REFo&RY Alds Utgd L ML~
X1/ (MO~ éjo ,SI Eaua?tl o%bllyswher etlﬁﬁl Sﬁgol |ta§/éso & Xcegses_o
di sper si onmul%ﬁvrs waslgtlm toc@n@mnﬂutgédnhdtostpml‘s iwdich rglglr(d%dl@mgeom
phytosterol s.i i e 0 i d
i Sper si ofcr 15 SeieRal B W At SRt Bl P B WS lin B ToRe
dlsperS|onmoﬂ6RMden\mﬂb assay conditions, in the phytostero

di spersions prepared according to the process disclosed in the
present invention, no phytosterol precipitation is observed or the

stabilit yA@BthEIh@isaw&ﬁ@geSdmﬁe 58c1bicdbcetd) abmmd Ot biher profdses in the state
centrifugation. That is, over 75% of the sanple phytosterols remain

i n suspensf B 2B mhelteﬂtemélaﬁhqm@rga@amgéﬁp a§agpous|dispersionif galighterols due
I nventi on Qe sbfulabbsh aised ) the hBmb g&?fet r LAIG&, ?& ol ‘is!ro%e%fofﬁh@ﬁlesent

origin such as sitosterol, canpestero gnmasterol, brassicastero
avenast er givemionnhsmogesizatén safarighedt ¢vec Sfer%leenpllams, setedisessionss The| |

as the hygé ggq ef%e] oqfthig {ero(P{ml% h]%seﬁﬁ%'{et%ﬁa&to%ragia ion %%msoa?f 8{%&9{%& ane 's,

such as si ano err ur’es

phyt ost er gdsulting hysp@stoannirnsesmetcs hawtel burprigagicharacterisics, ssuch a@sa fhaghcy
aci ds, sucgc] |c aci d, ée&#l |d and ot her ?C|ds m.xt ures of. said
esters anday He Mgipe5 Rl Pt dsifie Briacge PGS AL PN IR Gh Y 1Y SNCEUTHIgR:
atons, gl yane dehe pRFoAEOR and &f thy BlekdRS of lﬁfﬁ’e%ﬁgtost%l &dnxédifagonsof
phytosterols or specific phytosterols can be obtained froma variety

of ol eagi nous seeds such as soybean, corn, sunflower, cotton, raps

and the | ikee,idBehalMBred ﬁ@pR@es@lHJ} fhk R Jfrtﬁ’é'@rpﬁb p?éﬁ%%héot@f hyteae@ﬁper

pul pi ng industry, such as tall oil soaps, tal , or the reS|due of
t he di sti buspersions bvingd very ihlgh stahdiin stebilized by @!iel orpmqrg BIJIfEFhectWe agents

surface- agéléc}{ A grvﬁ?é) £rra§'rg'y ﬁ‘% ﬁélf?ér? ck‘i‘ﬁge/r sﬂl& S);cﬂ?phﬂ{c dIIOPH(?Dn(E ion

conprise a W de varie ace-ac or enu
especi al | mnﬁl@tﬁdrsgwaHeHEBrﬁaam angmgefrcageerbbst d)rtoeahmlus i2Dj eiras dilaws rtge HLB

| 1t i trated in. Table
S e & B ioh B Pt Prpn R ittt OnRh el RhsmBs oy it 4 5. 4
Di gl yceri des 1896 pAEQENIE nité €haB 08T ShyddstdiBIl BEdel Garthél @Sight of the aqueous

dispersion.

The process disclosed in the present invention allows the preparation of highly stable
phytosterol dispersions using a wide array of food-grade emulsifiers and their mixtures,
with HLB numbers between 1 and 20, with low emulsifier/phytosterol ratio, and is an
extremely simple process that can be satisfactorily carried out in a single step. The
concentration range of phytosterols in the dispersions of the present invention ranges
from 0.1 g to 400 g of phytosterols dispersed per liter of dispersion, which are two
orders of magnitude higher than the highest concentrations achieved for any stable

phytosterol dispersion disclosed in the state of the art. This is another advantage of the



1 Lactic acid esters of nonoglycerides 3-4 Citric acid esters of
nonogl ycerides 9 Succinic acid esters of nonoglycerides 5-7 Diacyl
tartaric acid esters of nonoglycerideH 8-10 Pol ygl ycerol esters of
fatty acids 4-14 Sorbitan esters of fatty acids 2-9 Pol yoxyet hyl ene
sorbitan esters of fatty acids 10-17 Pol ypropyl ene gl ycol esters of
fatty aci gepcassPidhe inyseiions sidee agieopn disperdionsgwith high Riyrostetth GREAOHP um

stearyl | ﬁfetféflﬂﬁé th Ze'rgiiﬂ-%ilﬁsmoﬂs Jtrein high concentration of dispersed phytosterols

are required, such as e.g. in margarine additives. Likewise, when the aim is obtaining a
dispersible powder, it is preferable to begin with a dispersion that has the lowest water

content possible in order to reduce the difficulties related to water removal.

Although the present invention was motivated by the detected necessity of providing a
process to obtain phytosterol dispersions wherein the product of the process could
overcome all the disadvantages of the phytosterol dispersions obtained using the
processes disclosed in the state of the art, it has been found that dispersions prepared
according to the process herein disclosed, both aqueous dispersions as well as
resuspended powdered phytosterols, unexpectedly and surprisingly exhibited a
significantly higher cholesterol-lowering effect with respect to the effect exhibited by

dispersions of the state of the art, as will be shown in Example 16.
Brief description of the invention.

To prepare highly stable aqueous phytosterol dispersions, phytosterols, an aqueous
medium and one or more emulsifiers are mixed and dispersed in a suitable disperser at a
temperature above the melting point of the phytosterols to obtain an aqueous phytosterol
emulsion, followed by cooling down the emulsion to yield a highly stable aqueous
phytosterol dispersion. The process invented and described in detail in what follows
allows for the preparation of aqueous phytosterol dispersions having a surprisingly high
stability, with an average particle size of less than 1000 nm even at high phytosterol
concentration based on the weight of the final dispersion. Suitable dispersers to carry
out the invention include rotor-stator dispersers such as colloidal mills, stirred vessels
with flat blade turbine stirrers, Cowles impellers, pointed blade impellers, saw-tooth
impellers and many other mixer-stirrer designs, such as mixing equipment from

Silverson Machines and pressure homogenizers.

Detailed description of the invention.



Sodi um or potassiumsalts of fatty acids 14-20 The first objective
of the present invention can be achieved by m xi ng phytosterols, one
or nore food enulsifiers, preferably {hood-grade enulsifiers, having
HLB nunbers ranging from1 to 20, and an aqueous nedium preferably
wat er, nost preferably soft water. In the case that only hard or
sem - har dThafist objective af thalpraenttiliestiaais th erovoletagmeatsdfpr theHrepewiien of

L1 cat mant B8 oieHls Bk phSHReT PPt B ied, i B AOREE R

prepar ed pefaieisng firfuldd iRdpensIpsiicafiolshe present invention, said
di spersions can be mxed with a wde array of products to be used in

food, drinks, nutraceuticals, pharnaceutical or cosnetic products.
Besi des W?fl@é coltf %écti@gHP@lH?regﬁﬁ i@y chfi@ is GRProbRle 4 pRSedsFoPthe PAHSration
phyt ostero _delcsper sions in the present invention are natural aqueous
sol ut i onsef lghll stablesaqueond phyesterobsuspansieds fortefusedpither plane preasfagigeld or

i ndustry, ,such m. : - 1.Ul ¥ s
derivati v%%a,lmg%el?jﬁfall 61%&61‘%}@?%%@326: ofr?é{np?%%g%%%m%dgnéfgcgéaﬁﬁﬂﬁ%g ?}0[ o
aqueous deurhaatsubiests oit $avylsasignidichely héshds , thivertbade exifivisidobs, similar

al coholic drinks, and.the like. . For ea r of phytosterols.in.the
G Coarsi oroTo Bl prontals a6 b kel it Thberhrodifbtses viy e
1000 nyg, &fa@efc%r@@és}’a?ﬁﬁoﬁ&ﬁlléﬁa Wi thre RE pWitbéierdls) BeadiRe@emédiamard ong t o
200 nmg. The ampount of phytosterols in the dispersjon niqht range from

. . . S
100 ng t ooBweregerpelpiliprstasf mixedindp@sRASA 1 (2w iRRle SHBERECTGT & WEPERTS he
hi ghest pt;%tveﬁﬁe%eﬁmgg&hﬁafth@'pﬁftiba&%ﬁ th {&ﬁgaixfmaméﬁrﬂw@ﬂetﬁﬂg?ﬁ1sm s

| ess than 200 gaiter. The selection of I ype and ‘anoun
enul si fi efollowedribytagpking flovemtiies¢rhylaips to gickba Jeghdly wWieble adugsap @hpasterrk

specific requi.re f S . Lhic f i
dosori bed  SIRE Sile flsndolfs AR opRE T sp SOLMBAL HSpfinclude,
not |i m trathrestaaop@p@ferd lmechi ay eolldideah, milkyj etirreail taokss wathplat sades kirhihe d

inthe art.to rform ot her specifjc applications.tailored to

spect T o Pty LR BPRle Gar e G SRL LR e eGreny sy other
phyt ost er glixelisGREI kg, buthtah 8ilpasdn Madhes hidkdrtihrall jressure ABmaghiersonal
advant age of the processes disclosed in the present invention is
their capability to make dispersions with high phytosterol content,
since in it HhARLARRI Fild BBSnt RYUGRiAS 6 PRANT a HBESS Bk IBé PFBTEHbAL BES
or in cases when the desired end products are dispersible phytosterol
powder s, pewddrethwatbedisphyslble abosierolsito be dpedritbersdeneyor i thetrenagsioy ef y

concentra I i r.si - : ] ; S
et od 1 o SOV BRRRuisL BIERE' i HORAA Slnad sl iR 8 Sl
150C and 2¥0fption es didtdarngholesterol atgavels sigxifivantly fhoghee thabythash exhibited by

phytosterols, enu]sifiers.and the eous dj um and e ljqui

Pt ore’ T St pelseoglaibifth Pavddied BFaSolh et U AR G BE, & B e s
enul si on plepRBNdMOSF PoMdered ThGtostbil Oathi figh adhdradielfis s b nhywktetdieor a

m xture can be done in closed stirred vessels provided with a hea

transfer ByduERishrpsterelscy) Jpugoysgnqdiuny andoneqrpgre eipplsitiers aremixed gp

heat tr anﬁifsﬁérsé(dl H 4 Giiadl @deteaht @ tgﬁ?érﬁﬁli% besveehat HEIBng Pbint B the
heating can be carried out using a heating bath at a desired

t enper at upkytotterplsite obtain anemyedusiphyissicral gmmisiony fallowad by cpetingrdoue. the ¢

i's conveniemd. t ul.si fi.cat:i in
e absengBubionds SBALY pih Ll RIKbES S Rler BBl AR PUSEST,
phyt ost er edrsy ot thédirse Bieh iffthepesent iettiont inelulié ghiort tatpredigiemesssuch as
attai ned duri. t.he ermul sificati rrocess. This can be done, for
exanpl e, B [%&QPBE%S%% %L%Wﬁhsfﬁ‘??@g? ?"6&?“5F%%&séqvﬂe%l%ﬂeggré’dpoé?tﬁred
vessel Whergé imbiikrd) @ad-téth Upellds fahdl Ingghybithéti inb@OStiTd adesighd) udii Xt ur e

of phytosterols, acltgj_eous_ medi um and enul sifier or emulsifiers is fed
into the PBwsEr Maripsanixar andrrresseretio@agerizess e isperiony biagned are

subsequently dehydrated in order to get water-dispersible powdered phytosterols.



The di spersion processes of the present invention can be carried as
well, if desired, in the presence of one or nore protective colloids,
such as gelatin, chitosan, casein, Argbic gum starches, and pol yners
such as pol yvi nyl al cohols, polyvinyl pyrrolidones, and pol yal kyl ene
glycol s, anmobng many others. Preferably, said protective colloids can
be” di r ect earvamentiterhpiqup dordhe pepsiresent phihs stahdite afips aggow PIYISEA he
m xtur e Ol BEHbAS LEIOAS e Bkl AOLFiOR S bl U is Mk Br AHURAL Snd
medi um The use of a protective colloid Is particularly conveni ent
when t he @clepedtzst and oYodihet slbsetheegtantfipdtionasf the emhowrieofdpkyiesterplon

wi || endure ver arge storage periods. .The,abovenentioned di.spersion
processes S@’ﬁﬁ%ﬁé %%}Pr‘"i" edngPSﬁ{O aglg)%ﬁn, o m&e%‘fer(gﬂ),erslmnn flﬁé;erpsft%lgéﬁézgaof
an an}1 Calébﬂl@ticlﬁg.emo @em}mﬂydamgammﬁcmesﬁs@b{s@h gwlhg)% ﬁsﬂtaﬂé Cihytosterdd
starch, octenyl succinylated starch, acetylated starc .dextrins
(mal t odexCPRGIRipg lécfé&ti“%i%’?g ,ati@%éxfofilﬁs‘}l}n“ﬁﬁso@gi g f%%m@ﬁtp o5teE,
wheat Tl oYfnceifigRh ih HRUupERRERNTS hith§wred Qe ¥BBIlity §OMe okBindBdpersion is
concentrate) and crystal growth inhibitors (polyglycerol esters,

pol ygl yceewpressed yr itamscifethe odgld obrnbyiestarlly that memantin sgepepsien afemnthecan
be directl ] i ' i ' i Ln: he
m xt ur o of Tty PhEldhfhe kB0 o et DRI T, BB BE s o
use of an tletispersadal (s Bygetidn 1)s especi al | y advant ageous when the final
product is dispersible phytosterol powder. If desired, it is also
possi ble to obtain an aqueous phytosterol dispersion with a nuch
smal | er average size and with | ess size dispersion around the average
size, if instead of cooling dqym t he %%Ee%us enul si on forned, said
emul sion is further honmo@enMicuXdi M8:" AN LMoo Fare®8or in a
colloidal mll. If a honogenizer is used, the enulsion of
phytosterols is fed into a honogeni zer operating at a pressure from
30 to 300@vhbets and at a tenperature from 140C to 250C, preferably
from 150C to 200C. If desired, the mxture can be honobgenized in a

si ngl e-stage or nultiple-stage honogeni zer, preferably in a two-stage
honogeni z& . |f theSthmhygdhezhtpesimn, % carried out in two stages, the
pressure éﬁ%the firﬁf sgagﬁ.ﬁpn Lange from 100 to 3000 bars, while
the press in t heV eSS S EPEEL T MU 8ge from 25 to 100 bars. The
enul si on B@avi ng t ErfarEggenpinadsterdleintibe aeriiifibtd/disdeadidre Yaqueous

di spersion of phytosterols when cooled down. An additional advantage

of the prétkss: of tMasssfewantred HSRETPHS with respect to the processes
of the stage of thepRdntdgs of PR 1848L010h tHRir&RvERIRRp&EMASshoNMDgenNi zat i on
W th no presence of soI|§ particles in the honogeni zed m xture.
Phyt ost erol di spersions are actually honbgenized in the current state
of the ar S : hi i;

omgen: 28 e e e 1 o B Do e L o
parti cl es posassedigidsed i drspraentiniventimby Bs birgosérbeprecipiiationds lebsevpdrirzer

val ves, ich.i.s n obhserved. ysi.ng..t he..pracess. of . the prese

i nvent i om&‘eAﬁt?béﬁtﬁé’?itt‘beeﬁE?er%‘%mgP%gFhaaflﬁéﬁ" %f?ers ks a%]aﬁlg%ﬁlzhams’ over

di sper si onsyaif tidwahnpid @ivelstrasdenia ialsependd afed teuwenthijughtediseay. i Nt o a
one-stage or two-stage honogeni zer a m xture of phytosterols, an
aqueous nedi um and one or nore enulsifiers, wherein the mxture fed

into the homRIRGLAEHvAtioR tHeQBRE My sRrdaMIuass fEOMRr3RQENLAt &BRCsuch
preferably from 150C to 200C. In the case that the honbgeni zation is

carried o0@s sitesterol; wempesteed Himmngierml.Zupssicasieroh raxenagierol jop minlgresjof gpid
stage can e i f 20
g sé&ﬁ%}féée;ﬁmg}}t%%rélg (f.g g%ﬁ aQ%{ezh)@g%r%hJ%}%&e REmSRGRRM frel 880 s 2

to 100 bar sion char ge onogeni zer, yle
st abl e aquephodimezesshan sitdstaphly cospestandlsandiieir mizoires antbalér phyl@terdor

certain applicatians, the use of djspetsi hyt ost er ol . rs t.hat
Can be r cRo e Slsen NBICTER HhenRRata ReRr sy igh THER Sl
and other acids, mixtures of said esters and generally esters with acids having from 1 to

24 carbon atoms, glycosides and other derivatives thereof.



21 In the foll owi ng exanples, unless stated otherwise, tall oil

phytosterols corresponding to the conposition shown in Table 3 were

used. Throughout the exanples, soft wgter and food-grade emulsifiers

were utilized. Table 3. Tall oil phytosterol conposition. Phytosterol

% in weight Canpesterol 7.0 Canpestanol 1.4 Stigmasterol 0.8

Sitosterol 75.3 Sitostanol 12.0 Qther phytosterols 3.3 In order to
rol dis erS| n ed accordi

Como e bt st O PR SRS Ry B o BB R, fSagy of

phyt ost er gleggifbsReES QRS aPESPNE EbrA.CHANENEIcdtRnPFOS BSOS 1E. THee cat at e
of the art on the same basis, h tosterol dispersions were prepared

as di scl o8l be gbtaed é@%'?/y—mducss @frtht: RepeERalpEIzdndusyy, sugh 23 &3 F%Jtsgms
Applicati JEXAR at ent
Applicati gdg} %lggﬁggge%@%ﬁg%&h?k%@ st arg;,: ﬁ@%ﬁ%@égﬁh& usi ng the
centri fugatl on net hod and Equation 1 described above. Exanple 1.

nsoay No TB sERAA fbls & ARAGRLR L B R EE Lo R b
250 g of phdet osteeyr 0t“ surfafe- agtma‘ aganCy oS emslsifiry lesgially fobi-gtaderauFiReo)

and 17.5 of sorbltanl es Span 20 Itedtoeher at
135C.  TheRFPET LTINS ava%%ﬁﬁt"élg éP%ﬁD?fﬁ
The m xt ufiRisiasd sitTableed at 7000 rpmfor 15 m nut es. 100 g of the

fornmed di spersion were renoved and |left to cool down to room
tenperature (Sanple 1.1). Additionally, 500 g of the fornmed

di spersion were fed to a honogglglgéeﬁoog%%\é Sgylin, nodel MR-15) and
honogeni zed i n_one stage at 480 The om)qenl ed m xture was

subsequent | y | eEmsgficool down to room t enper at ur ¢ HIBmpinded. 2) .
Monoglycerides 34
Diglycerides 2-6
Acetic acid esters of monoglycerides 1
Lactic acid esters of monoglycerides 3-4
Citric acid esters of monoglycerides 9
Succinic acid esters of monoglycerides 5-7
Diacyl tartaric acid esters of monoglycerides 8-10
Polyglycerol esters of fatty acids 4-14
Sorbitan esters of fatty acids 2-9
Polyoxyethylene sorbitan esters of fatty acids 10-17
Polypropylene glycol esters of fatty acids 1-3
Sucrose esters of fatty acids 1-16
Calcium or sodium stearyl lactylate 7-9
Lecithin 34
Sodium or potassium salts of fatty acids 14-20

The first objective of the present invention can be achieved by mixing phytosterols, one
or more food emulsifiers, preferably food-grade emulsifiers, having HLB numbers
ranging from 1 to 20, and an aqueous medium, preferably water, most preferably soft

water. In the case that only hard or semi-hard water is available, this can be softened by



22 The stability of both sanples was determ ned according to Equation
1. The non-honogeni zed m xture (sanple 1.1) yielded a stability of
28. 2% The honogeni zed m xture (sanplgg 1.2) yielded a stability of
41.5% Both sanpl es contai ned about 4.7% of phytosterols by wei ght of
di spersion and had an enul sifier/phytosterol ratio of about 17.0%
Bot h enul siedtiserf tedhuiqueswelh &dovam irHbB statdl efetho frtaipoluding Ghermralripsiabnepts,

exanpl o T yBa e Bhfafon RriP At AOnPhEB 65 doRiEEh BNaPedils of
wer e heat 8@ pradest inesioh, shid d@é}smiheam B3niXed with asm;ie hmy ctﬂprasﬂumrre be
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An additional advantage of the processes disclosed in the present invention is their
capability to make dispersions with high phytosterol content, since in certain
applications, such as creams, specialty margarines or in cases when the desired end
products are dispersible phytosterol powders, it might be advantageous or even

necessary to utilize very concentrated emulsions or dispersions.

Subsequently, the mixture is heated to a temperature between 140°C and 250°C,
preferably between 150°C and 200°C, resulting in a liquid mixture formed by the
phytosterols, emulsifiers and the aqueous medium, and the liquid mixture is then

dispersed in a suitable disperser to form an aqueous emulsion of phytosterols. The



(% 3.1 25.0 2.5 500 85 Assay 3.2 The previous assay was repeated
under the operation conditions of assay 3.1, but varying the anount
of phytosterols and the ambunt and tyge of emulsifier as shown in
Table 5. Table 5 Assay Phytosterols (g) Soy lecithin (8) Water (g)
Stability (% 3.2 16.7 33.3 500

heating and dispersing of the mixture can be done in closed stirred vessels provided

with a heat transfer system such as coiled coils or a jacket, where a suitable heat transfer
fluid circulates at a desired temperature, or the heating can be carried out using a

heating bath at a desired temperature wherein the vessel is partially or fotally immersed.

It is convenient to carry out the phytosterol emulsification process in the absence of
oxygen to reduce the risk of oxidation of either the phytosterols or the emulsifiers, due
to the high temperatures attained during the emulsification process. This can be done,
for example, by performing the emulsification process in a closed stirred vessel wherein
the head volume is filled by nitrogen gas. The mixture of phytosterols, aqueous medium
and emulsifier or emulsifiers is fed into the reactor displacing part of the nitrogen in the

vessel, excepting what remains in the head space of the reactor.

Another convenient way to eliminate oxygen from the stirred vessel is first evacuating
the air from the vessel by means of a vacuum pump and then feeding the mixture of
phytosterols, aqueous medium and emulsifier or emulsifiers into the reactor before

heating such mixture.

The mixture of phytosterols, aqueous medium and emulsifier or emulsifiers is heated in
the closed vessel up to the desired temperature, typically between 140° and 200°C, with
stirring. Once the desired temperature is reached stirring is maintained for a period
ranging from 1 second to 1 hour, after which the heating is stopped and the mixture is
cooled down, usually under 140°C. The cooling down of the emulsified mixture can be
carried out either by natural convection, stopping the heating and letting the mixture to
cool down by itself, or by forced convection, circulating a cold fluid inside the jacket or
the coil and keeping the stirring rate. Once the emulsified mixture is cooled down, a
highly stable aqueous phytosterol dispersion is obtained, with an average particle size

usually smaller than 1000 nm.

The emulsification of the mixture of phytosterols, aqueous medium and one or more
emulsifiers can also be conveniently carried out in dispersers consisting in on-line
mixers and bottom-fed mixers. The emulsification process can be carried out in a
continuous process in any of the aforementioned mixers. When the emulsification

process is carried out in a continuous process, the removal of air can be done, for
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mlxture to be dispersed or can be formed in sifu during the emulsification process by
means of the neutralization of the corresponding organic acid with sodium or potassium
hydroxide that is incorporated into the emulsified mixture. As shown in the Examples,
the present invention allows the surprising formation of highly stable aqueous

phytosterol dispersions, with an average particle size of about 100 nm, using no more

than 1% of emulsifiers relative to the phytosterol content.

The dispersion processes of the present invention can be carried as well, if desired, in
the presence of one or more protective colloids, such as gelatin, chitosan, casein, Arabic
gum, starches, and polymers such as polyvinyl alcohols, polyvinyl pyrrolidones, and
polyalkylene glycols, among many others. Preferably, said protective colloids can be
directly mixed into the dispersion, into the emulsion or into the mixture of phytosterols,
one or more emulsifiers and the aqueous medium. The use of a protective colloid is
particularly convenient when the dispersion or the subsequent application of the

dispersion will endure very large storage periods.

The abovementioned dispersion processes can be carried out as well, if desired, in the
presence of an ant caking agent comprising starches (high amylose starch, comn starch,
octenyl succinylated starch, acetylated starch), dextrins (maltodextrin, cyclodextrins,

isodextrins), proteins (wheat gluten, wheat flour, wheat flour concentrate, soy meal, soy
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meal concentrate) and crystal growth inhibitors (polyglycerol esters, polyglycerol
polyricinoleates). Preferably, the anti-caking agent can be directly mixed into the
dispersion, into the emulsion or into the mixture of sterols, one or more emulsifiers and
aqueous medium. The use of an anti-caking agent is especially advantageous when the

final product is dispersible phytosterol powder.

If desired, it is also possible to obtain an aqueous phytosterol dispersion with a much
smaller average size and with less size dispersion around the average size, if instead of
cooling down the aqueous emulsion formed, said emulsion is further homogenized
either in a homogenizer or in a colloidal mill. If a homogenizer is used, the emulsion of
phytosterols is fed into a homogenizer operating at a pressure from 30 to 3000 bars and
at a temperature from 140°C to 250°C, preferably from 150°C to 200°C. If desired, the
mixture can be homogenized in a single-stage or multiple-stage homogenizer, preferably
in a two-stage homogenizer. If the homogenization is carried out in two stages, the
pressure in the first stage can range from 100 to 3000 bars, while the pressure in the
second stage can range from 25 to 100 bars. The emulsion leaving the homogenizer

yields a highly stable aqueous dispersion of phytosterols when cooled down.

An additional advantage of the process of the present invention with respect to the
processes of the state of the art is the use of high temperature homogenization with no
presence of solid particles in the homogenized mixture. Phytosterol dispersions are
actually homogenized in the current state of the art processes. At high pressures such as
those at which homogenization processes operate, the presence of solid phytosterol
particles can exert a considerable abrasive effect on the homogenizer valves, which is

not observed using the process of the present invention.

Alternatively, the preparation of stable aqueous dispersions of phytosterols can be also
carried out by feeding into a one-stage or two-stage homogenizer a mixture of
phytosterols, an aqueous medium and one or more emulsifiers, wherein the mixture fed
into the homogenizer at a temperature ranging from 140°C to 250°C, preferably from
150°C to 200°C. In the case that the homogenization is carried out in a two-stage
homogenizer, the pressure in the first stage can range from 30 to 2000 bars and in the
second stage from 20 to 100 bars. The emulsion discharged from the homogenizer,

yields a stable aqueous dispersion of phytosterols when cooled down.



>99 4.6 200 2.0 500 > 99 4.7 250 2.5 500 >99 As can be assessed from
the values set forth in Table 6, the dispersions had over 99% of
stability with only 1% of SSSFA enul sjdfier relative to phytosterols.
When the overall phytosterol content of the dispersions was over 5%
the resulting dispersions had a higher viscosity, naking them nore
suitable for food fornul ati ons such as dairy products mar gari nes,

mayonnai s nd ot hers t|§ﬁ]
pal at abi | ??“y“?tam i waﬁlro 8%61(}%38{6 r%%ﬁﬁl%ﬁﬁ)%%wra ter o #E%fé}rbglr%ar?gy
prepar ed wisthdpesdatilelinus ajuesunhedioman yield disfeedidnyis desimble. The assay 4.3

of Exanple 4 was replicated using 7.5 g of sodiumsalts of coconut
oil fatty acids as enulsifier instead of 0.5 g sodiumsalts of

sunf | ower TgidbtdiRthich @1§pdﬂ§ble1ﬂl‘@to§@ﬁﬂ||ﬁolwﬂ9rsdﬂfépﬁhﬁﬂﬁﬂéﬂ wAgispersed mixture
sem transparent gel having a stabili th of 100% The di spersion was
readi |y i AbeingdPreeyof the sravisyelyidissipsed progstpRsecaPrSIgn RSP US fredium,

honogeni z g:(}ggéé,ggr Sl e s 13‘1353]- ahd %g@oﬂailff Bhe &11901%%’“%@5@ a@én@eian

r eact or Wthatu ne stirr and i nternal baff
ni t rogen hﬂ durttec dchyldfatemiepre&r&béab}’ sy ay-desiieg thi @ambwwmtwmwrm wigh p

and a cool i acket s | 0 e of
phyt ost er 5%‘%(9#3 Oig‘bzz&e o?m 815'3‘ %&mpfhm%??%tgge éoegg%‘% rzg%'shéev%pc gaéﬂtf)gd
to 50 nbakambe @ardied ront aghapﬁeadc@*curﬂént op @udtet-hmtnéqmbsisz @te \msuhmg

nitrogen. Next, the stirrin eed was increase O.rpm and, t

Cont ent ofispreble R as g aPe g AT SR s S5efath fpad it Wnioh®
is relatively large, comparable to those obtained in processes of the state of the art.
However, despite such a relatively large particle size, the dispersible phytosterol powder
obtained using the processes disclosed in the present invention exhibited a surprisingly

high cholesterol-reducing effect.

Therefore, the first objective of the present invention is obtained by means of a process
comprising:
a) dispersing one or more phytosterols, an aqueous medium and one or more
emulsifiers in a disperser, at a temperature of at least 140°C, to obtain an
emulsion; and

b) cooling down the emulsion to obtain an aqueous dispersion of phytosterols.

To achieve the second objective of the invention food or pharmaceutical compositions
comprising a phytosterol dispersion prepared according to the disclosed processes, or
directly any of the dispersions obtained using any of the disclosed processes, are
administered to human subjects. The phytosterol dispersions of the present invention
can be suitably incorporated into a variety of food products, food supplements, food
additives, nutraceuticals and beverages such as dairy products (cheese, butter, milk, ice
cream, yoghurt and the like), fatty foods (margarine, mayonnaise, lard, edible oils and
the like), cercal-based products (bread, biscuits, pasta, doughs and the like), candies and
confectionery products (chocolates, caramels, chewing gum and the like), alcoholic and
non-alcoholic beverages (including soft drinks, juices, dietary supplements and the like),

miscellaneous products (eggs and egg-derived products, processed food, pre-mixes,



The enul sion obtained at 160C was fed to a heated MR-15 APV-Gaulin
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and cosmetic preparations, 1nclu ing capsules, soft capsules, syrups, solutions,
ointments, creams or gels, together with suitable excipients and/or diluents, stabilizers

or active compounds. These preparations comprise from 10 mg to 50 g of phytosterols

contained in the dispersion for each 100 g of the formulated product.

To inhibit the absorption of dietary cholesterol in human subjects in a degree
significantly higher than the reduction observed when the same subjects are
administered phytosterol-containing products prepared according to the state of the art
techniques, human subjects are administered periodically, typically on a daily basis, a
food or pharmaceutical composition or a phytosterol dispersion with a total amount of

phytosterols ranging from 0.1 g to 3.0 g per day.

To achieve the third objective of the present invention, phytosterol powders or food and
pharmaceutical compositions comprising phytosterol powders obtained according to the
processes disclosed in the present invention are administered to human subjects.
According to the present invention, phytosterol powders can be suitably incorporated
into food items such as milk beverages, soft drinks, alcoholic beverages, fiuit juices,
yoghurt, ice cream, mayonnaise, margarine, cereal based products such as bread, pasta,
biscuits, doughs, powdered soups, powdered milk, sauces and others. Pharmaceutical
forms suitable for the incorporation of phytosterol powders comprise pharmaceutical
syrups, capsules and pills. The food or pharmaceutical compositions comprise from 10

mg to 50 g of phytosterol powder per 100 g of formulated product.

In the present invention, to inhibit the absorption of dietary cholesterol in human
subjects in a degree significantly higher than the reduction observed when the same
subjects are administered phytosterol powders prepared according to the state of the art
techniques, the human subjects are administered periodically, typically on a daily basis,

a food or product comprising an amount of phytosterols from 0.1 g to 3.0 g per day.

Examples.
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In the following examples, unless stated otherwise, tall oil phytosterols corresponding to
the composition shown in Table 3 were used. Throughout the examples, soft water and

food-grade emulsifiers were utilized.

Table 3. Tall oil phytosterol composition.

Phytosterol % in weight
Campesterol 7.0
Campestanol 1.4
Stigmasterol 0.8
Sitosterol 75.3
Sitostanol 12.0

Other phytosterols 3.3

In order to compare the stability of phytosterol dispersions prepared according to the
processes disclosed in the present invention with those phytosterols dispersions
prepared according to processes of the state of the art on the same basis, phytosterol
dispersions were prepared as disclosed in the assay No. 5 of the Example 1 of the US
Patent Application 20040029844 and in the Example 1 of the US Patent Application
20070031570, and their stability was measured using the centrifugation method and

Equation 1 described above.

Example 1.
Stability of a phytosterol dispersion prepared in accordance to the assay No. 5 of
Example 1 of the US Patent Application 20040029844.

250 g of phytosterols, 25 g of sucrose stearyl ester (Sistema SP50) and 17.5 g of
sorbitan lauryl ester (Span 20) were melted together at 135°C. The melted mixture was
added to 5000 g of water kept at 80°C. The mixture was stirred at 7000 rpm for 15
minutes. 100 g of the formed dispersion were removed and left to cool down to room
temperature (Sample 1.1). Additionally, 500 g of the formed dispersion were fed to a
homogenizer (APV-Gaulin, model MR-15) and homogenized in one stage at 480 bar.
The homogenized mixture was subsequently left to cool down to room temperature

(Sample 1.2).
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The stability of both samples was determined according to Equation 1. The non-
homogenized mixture (sample 1.1) yielded a stability of 28.2%. The homogenized
mixture (sample 1.2) yielded a stability of 41.5%.

Both samples contained about 4.7% of phytosterols by weight of dispersion and had an
emulsifier/phytosterol ratio of about 17.0%. Both emulsifier mixtures had an HLB value

of about 10.

Example 2.
Stability of a phytosterol dispersion prepared in accordance to Example 1 of the US
Patent Application 20070031570.

500 g of water were heated in a vessel to 49°C. Then 33.3 g of soy lecithin were added
and stirred during 20 minutes. Next, 16.7 g of phytosterols, and 50 g of maltodextrin
were added to the vessel and the resulting mixture was further stirred for another 20
minutes. Subsequently, the mixture was heated to 74°C and placed in a high-pressure 1-
liter laboratory Parr reactor. The mixture was heated to 152°C for 1.5 minutes by means
of the addition of live steam through a valve located at the reactor head. Next, the
reactor was quickly cooled down to a mixfure temperature of 79°C. Upon opening the
reactor, 200 g of the dispersion were taken and left to cool down to room temperature
(Sample 2.1). Additionally, 300 g of the dispersion at 79°C were fed to a homogenizer
(APV-Gaulin, model MR-15) and homogenized in two stages, at 240 and 35 bar

respectively, and then were left to cool down to room temperature (Sample 2.2).

The stability of both samples was determined according to Equation 1. The non-
homogenized mixture (sample 2.1) yielded a stability of 17.4%. The homogenized
mixture (sample 2.2) yielded a stability of 31.5%.

Both samples contained in average about 3.3% of phytosterols by weight of dispersion
and had an emulsifier/phytosterol ratio of about 199.0%. The HLB value for soy lecithin

1s about 3.8,

Example 3.
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Stability of phytosterol dispersions prepared by the process of the present invention

using the emulsifiers of Examples 1 and 2.

Assay 3.1

A 1-liter Parr reactor (Parr Instrument Company, Moline, IL. USA) provided with a
turbine stirrer, nitrogen and vacuum lines and controlled electric heating was loaded
with soft water, phytosterols and one or more emulsifiers according to Table 4. The
closed reactor was evacuated during 2 minutes with stirring at 30 rpm. Then, the stirrer
speed was increased to 700 rpm and the reactor content was heated to 160°C during 10
minutes. Next, the reactor was left to cool down to 25°C and the internal pressure was
equalized to atmospheric pressure with nitrogen. A sample was withdrawn from the

dispersion and its stability percentage was determined.

Table 4
Assay Phytosterols (g) ; Sisterna SP50 Water Stability
(g) (2) (%)
(sucrose stearyl
ester)
3.1 25.0 2.5 500 85
Assay 3.2

The previous assay was repeated under the operation conditions of assay 3.1, but

varying the amount of phytosterols and the amount and type of emulsifier as shown in

Table 5.
Table 5
Assay Phytosterols Soy lecithin Water Stability
(® (8) (& (%)
3.2 16.7 333 500 89
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Two additional phytosterol emulsions were subsequently prepared according to the
previous conditions and were homogenized at 160°C. After cooling the homogenized

emulsions to room temperature, their stability was higher than 99 %.

From the results of Example 3, it can be observed that the process of the invention,
unlike the processes of the state of the art, allows the preparation of highly stable
phytosterol dispersions without an homogenization step, both with a low-HLB value
emulsifier (soy lecithin HLB 3.8) and a high-HLB value emulsifier (sucrose stearyl
ester, HLB 11).

Example 4.
Phytosterol dispersions prepared with sodium salts of sunflower fatty acids (SSSFA).

Assay 4.1

A 1-liter Parr reactor (Parr Instrument Company, Moline, IL. USA) provided with a
turbine stirrer, nitrogen and vacuum lines and controlled electric heating was charged
with 500 g of soft water, 5 g of phytosterols and 0.05 g of SSSFA. The closed reactor
was evacuated during 2 minutes with stirring at 30 rpm. Then, the stirrer speed was
increased to 700 rpm and the reactor content was heated to 160°C during 10 minutes.
Next, the reactor was left to cool down to 25°C and the internal pressure was equalized
to the atmospheric pressure with nitrogen. A sample was withdrawn from the dispersion
and its stability was assessed to be higher than 99%, as shown in Table 6. The assay was
repeated six more times (assays 4.2 to 4.7) under the same operation conditions but
using different amounts of phytosterols and SSSFA each time, and the stability of the
resulting dispersions was determined as shown in Table 6. In all cases, the stability of

the resulting dispersions was higher than 99%.

Table 6
Assay Phytosterols SSSFA Water Stability
(8 (2) (2) (%)
4.1 5 0.05 500 > 99
4.2 10 0.1 500 >99
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4.3 50 0.5 500 > 09
4.4 100 1.0 500 > 099
4.5 - 150 1.5 500 > 09
4.6 200 2.0 500 >99
4.7 250 2.5 500 >99

As can be assessed from the values set forth in Table 6, the dispersions had over 99% of

stability with only 1% of SSSFA emulsifier relative to phytosterols.

When the overall phytosterol content of the dispersions was over 5%, the resulting
dispersions had a higher viscosity, making them more suitable for food formulations
such as dairy products, margarines, mayonnaises, and others, imparting good stability

and superior palatability to such products.

Example 5.

Phytosterol dispersions prepared with sodium salts of coconut oil fatty acids.

The assay 4.3 of Example 4 was replicated using 7.5 g of sodium salts of coconut oil
fatty acids as emulsifier instead of 0.5 g sodium salts of sunflower oil fatty acids. The
resulting dispersion was a semitransparent gel having a stability of 100%. The

dispersion was readily incorporated into food items.

Example 6.

Stability of homogenized dispersions

Assay 6.1

A 300-liter 316 stainless-steel reactor provided with a turbine stirrer and internal baffles,
nitrogen and vacuum line, a heating jacket heated with thermal oil and a cooling jacket,
was loaded with 150 kg of soft water, 1.5 kg of phytosterols and 150 g of Span 20. The
closed reactor was evacuated to 50 mbar at a stirring speed of 15 rpm and then
equalized with nitrogen. Next, the stirring speed was increased to 330 rpm and the

content of the reactor was heated at 160°C for 20 minutes.
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type of emulsifier and phytosterols/emulsifier ratios as shown in Table 7.

Table 7
Assay | Water | Phytosterols | Emulsifier | Emulsifier type | Emulsifier | Stability
(kg) (kg) () HLB of the
dispersion
(%)
6.1 150 1.5 150 Span 20 8.6 920
6.2 150 1.5 150 Monoglycerides 3-4 94
6.4 150 1.5 150 Sodium 8.3 94
stearoyl
lactylate
6.5 150 L.5 150 Sucrose ester 16 >09
6.8 150 3.0 30 Sodium oleate 20 > 99
6.9 150 1.5 30 Sodium oleate 20 >99
6.10 150 1.5 150 Monoglycerides 3-4 >99
6.11 150 1.5 15 Sucrose ester 16 91
6.12 150 1.5 55 Sucrose ester 16 96
6.13 150 1.5 15 Sodium 8.3 90
stearoyl
lactylate
6.14 150 1.5 15 Monoglycerides 88
6.15 150 1.5 600 Tween 20 15 89
6.16 150 1.5 600 Sodium oleate 20 >99
6.17 150 1.5 300 Sodium laurate 204 >99
6.18 150 3.0 300 Sodium oleate 20 >99
6.19 150 15 300 Sodium oleate 20 >99
6.20 150 50 2000 Sodium oleate 20 >99




87 7.2 10 0.5/ 0.5 500 89 7.3 50 0.5/ 2.5 500 92 7.4 100 1.0/ 5.0
500 91 7.5 150 3.0/ 15.0 500 91 7.6 200

27

6.21 150 30 1500 Sodiom oleate 20 >909

As observed from the values in Table 7, the processes herein disclosed allow for the
preparation of highly stable aqueous phytosterol dispersions using a wide array of
emulsifiers ranging from low-HLB emulsifiers (monoglycerides) to high-HLB
emulsifiers (sodium oleate), a broad range of phytosterol concentrations and a wide

range of phytosterol/emulsifier ratios.

Example 7.

Stability of dispersions with a mixture of emulsifiers

A series of phytosterol dispersion were prepared as described in Example 4 using a
mixture of potassium stearate and Tween 80 with different relative proportions as

shown in Table 8 together with the respective stability of the resulting dispersion.

Table §
Assay Phytosterols Potas;x:;:tgegrate/ Vﬁiater Sta(t}})/il)ity

(g) (g/ g) g) 0
7.1 5 0.25/0.25 500 87
7.2 10 0.5/0.5 500 89
7.3 50 0.5/25 500 92
7.4 100 1.0/5.0 500 91
7.5 150 3.0/15.0 500 91
7.6 200 4.0/15.0 500 95

As observed in Table 8, emulsifier mixtures can also be formulated to get highly stable
dispersions. When substituting Tween 80 with polysorbates, highly stable dispersions
were obtained again. These dispersions are readily incorporated into food matrixes such

as beverages, dairy products, margarines, mayonnaises and others.

Example 8.
Soybean phytosterol dispersions prepared with sodium salts of sunflower fatty acids
(SSSFA).

Example 4 was replicated using soybean phytosterols with the composition shown in
Table 9.
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al so be fornmul ated to get highly stable di spersions. Wen
substituting Tween 80 with pol ysorbatygs, highly stable dispersions
wer e obtai ned again. These dispersions are readily incorporated into
food matri xes such as beverages, dairy products, margarines,

mayonnai ses and ot hers. Exanple 8. Soybean phytosterol dispersions
prepared with sodiumsalts of sunflower fatty acids (SSSFA). 28

Tabl e 9: Conposition of soybean phytosterols. Phytosterol % in weight
Canpesterol 25.6 Canpegusiaol CoOmposBidnyitasytetiophyidstedoli t osterol 49.0

Sitostanol 1.4 O hlepnhypfkqsterols % in weight
Campesterol 25.6
Campestanol 0.9
Stigmasterol 16.3
Sitosterol 49.0
Sitostanol 1.4
Other phytosterols 0.5

The stability of the resulting dispersions was higher than 99%, as in the case of tall oil

phytosterol dispersions prepared in the same manner.

Example 9.
Phytostanol (hydrogenated phytosterol) dispersions prepared with sodium salts of
sunflower fatty acids (SSSFA).

A dispersion of phytostanols having the composition indicated in Table 10 was prepared
according to the conditions of the Example 4, but with the Parr reactor operating at
173°C instead of 160°C.

Table 10: Phytostanol composition in Example 9

Phytostanol % in weight
Campesterol 0.1
Campestanol 314
Stigmasterol 0.0
Sitosterol 0.3
Sitostanol 64.9
Other phytosterols 1.2

The stability results in this case were similar to those obtained using tall oil

phytosterols, i.e. a stability higher than 99%

Example 10.
Stability of phytosterol dispersions prepared with skimmed milk in a continuous

process.



6.5 The stability of the resulting dispersions was higher than 99%
as in the case of tall oil phytosterol dispersions prepared in the
sanme manner. Exanple 9. Phytostanol (fydrogenated phytosterol)

di spersions prepared with sodiumsalts of sunflower fatty acids
(SSSFA) . A dispersion of ?hypostanols havi ng t he conpositiaon
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i .e. a st addclor t(F2)nhegtredrwitihan eR3c tape and connected to P1 through a gear pump,
containing liquid phytosterols at 160°C under a nitrogen atmosphere. HE 1 was heated
with thermal oil at 170°C and was connected to a feeding tank through a gear pump. The
HE 1-P1-HE 2 system was first operated with soft water until, and a steady state of 20
seconds of residence time was reached by adjusting the flow when the temperature in P1

was 160°C. Then the feed was substituted by skimmed milk containing sodium salts of

sunflower fatty acids at a concentration of 50 mg/liter.

After a few minutes, P1 was fed from P2 with liquid phytosterols at 160°C at a rate of
20g/minute and, after reaching a new steady state, samples of the phytosterol dispersion

in skimmed milk were taken at the outlet of HE 2.

No phase separation was observed and the samples had a neutral flavor and good

palatability. Samples had a stability of 99%.

Example 11.

Stability of phytosterol dispersions prepared with soymilk in a continuous process.

Example 10 was replicated using soymilk instead of skimmed milk. A phytosterol
dispersion in soymilk was obtained. No phase separation was observed, the samples had
a neutral flavor and the presence of phytosterols was not palatable. The stability

percentage of the samples was 99%.

Example 12.
Stability of a highly concentrated phytosterol dispersion prepared with skimmed milk in

a continuous process.

The experimental set up of Example 10 was modified to carry out the Example 12 as
follows: a third heat exchanger (HE 3) was inserted between P1 and HE 2. A third Parr

reactor {P3) containing skimmed milk was connected to HE 3 through a gear pump. In



Exanpl e 10. Stability of phytosterol dispersions prepared with
skinmed mlk in a continuous process. 29 The experinental set up for
this experinent consisted in a first sglate heat exchanger (HE 1) o
heat the aqueous feed to a first 1-liter Parr reactor (P1l) provided
with a turbine stirrer, a second plate heat exchanger (HE 2) provided
with a dithishevageles ahe eerapraatapestathedmaltens Ghytosterol| int P2 (phiet @stigpgin

di spersion _di scharged fr 1l a second Parr reactor (P2) heated
with an e#%@ﬂ%?@aﬁgbgmﬁﬂﬁghﬁﬁﬁﬁggg§Lto P1 through a gear punp,
containing liquid phytosterols at 160C under a nitrogen atnosphere.
HE 1 was heated with thermal oil at 170C and was connected to a
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prepared with skimed m Ik in a continuous process. The experi nental

set up of anple 10 was dified_to carr ut the EXx le.12
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HE 3 through a gear punp. In 30 this exanple, the tenperature of the
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10) was ltg%CﬁiroTﬂ%nhlferéi&iéeﬁ'dﬁt}%n“ﬁorg—iz&y(ﬁ%@mamé afl 121090 r@ﬁ.eflﬁ:tiﬁﬁt Mdh a
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was fed to HE 3 at a rate of 7 L/m n and the whol e system was
operated to reach a steady state. Sanples were taken afterward. No
phase sepgfaiplom. was observed and the sanples had a neutral flavor
and good pal atability. The sanples had a stability of 99% Exanple
13. Pr epdrapar@ipnof duperpiblsahyiope]l paRdsst er ol powder 100 kg of the
phyt osterol dispersion of assay 6.1 of Exanple 6 were | oaded into a
500- liter mxer provided with a central paddle stirrer. 250 g of

mal t odext Fherpragadereaafdixdmpiet 13 wa§ repeatef with éhe glutastarel glispiessioans of waseyst hen
fed usin r [ ' '

br ovi ded Gt era SO A5 2 st Ekuml s et BB ea,
out | et t erpaciatiste siewercediRlAhspoaBl@ S watespdlk] soyalilk, het¥d Sniysiofis and
powder ed tqsterol s re collected. The powder was readily

resuspen eE%’F#‘(XB%B’?%WHﬁﬁatW@ed of vigorous stirring or

honogeni zati on. Exanpl e 14.

Example 15.
Unstable phytosterol dispersion



Preparation of dispersible phytosterol powders The procedure of
Exanpl e 13 was repeated with the phytosterol dispersions of assays
6.2, 6.5, 6.8, 6.10, 6.19, 6.20 and 63121 of Exanple 6. The

phyt osterol s powders obtained in each assay were readily
resuspendable in water, mlk, soym |k, herb infusions and coffee
drink wi t Abeaweedurs pHEsgnlad sts reealaprEng 500 isstoft rhyisiprd disepsion

di spersio el I

it or s of PPk BhEHE Y Gl duls AR opke 208 EBRARE Sy RO o itr
pr ocedur e safleddcammpiueck?y upkimeresuegankivn mgwathyt ost er ol powder settl ed down
qui ckly upon resuspension in water. Exanple 16. Assessnent of the
effect of the consunption of phytosterol dispersions and dispersible
phyt ost er gkapgteder s on the in vivo absorption of dietary chol esterol

Twenty-six 21-day qld 7/BL6 mce were freely fed with a comrerci al

| ow chol eSS¥EEPCNAS et Qfage cersvFEtiol ;efswm?@,r PRl RAMEGOTT P
Feeds, St ;nkQ4irsl pdWdersBHAh¥B! Sy inédifigsh biQadyickEIe@EBHPS. Each of
these five groups were fed ad |ibitumaccess’to an additi onal
ingredient in their diet together with the basal diet, which for each
group was o]} H t o] (p= 04. 1% aqu 4t on of
sodiun1o|gg%%géééﬁﬁrﬁfYEQQSFsgﬁgﬁogggrg?éiggggnéﬁo%ﬁgfggﬁ%mggégyk].8
of Exanpl eh@BesBrolulpas? dfen<£6)0,2k}0 ebolsstddt; Pyolake ROME3 @iy POSt Beedd, St. Louis,

suspensi o repar ed ,usi di spersi bl hytosterol s prepar ordi ng
o Bxampl MAERNGE ehaddpi AR AR PRt Bt TR £2 A it
2% by wei gfdessetdldnSadaiidphl RRWdRA Bdkir €iSdt @5tk ol e basab Hiel, %Htidh for
wei ght phyt osterol suspension prepared fromthe dispersible

phyt ost er 6 EERPYS a5IPN¥ed i n Exanpl e 15. The estimated daily
consunpti on dose per mce was 100 ng of phytosterols or phytostanols.

For the determ nation of the chol esterol absorption, the nethod of
dual i sot &entolremeurdni-f): f 8L Igusousselptian obiwdim dlede by Schwarz et al .

(Schwar z Mmfﬁgﬁ%&j; D g%ttsﬁa%mﬁ%és@ﬁgglh%s%gl-a.sgéf%%%p%bé ked

reductionn aci esi s ester

ahydr oxyl &sespdefn=6):ent niqeeusdés byoweigbiadhytosteldhswspsisgoh picpmad using
chol esterol turnover or to hypercholesterolenma J.. Lipid Res.., 39:
18931843 whi ch consi SSIE HERRIGR Bl Ceirting P B5pipte Bom

di fference between the nrediRasionding¥ssal 68 singl e dose of radiol abel ed
chol esteral adm nistered by gavages .and that found collected feces 24

h the admiFPEt+&PEn of AUHISE 40! Bdekt SR phYostARRl 8¥ERod i ncl udes
the joint (ﬁ&[ﬁ@(n&tsf:at' 0N 9, 3By Olve@hi YhyRREAS DaRhensiddi RERRQY &Fbm  the
internal sitdstano standard).(to ether with the radioactive

chol esterol, for the caldispemiblomyétstond pewderprepared af ExmpolYays of
feeding each group with the aforenentioned diets, the animls were
given a single dose containing 1 uC of [4-14C] -chol esterol together
wi t h 2 uCThefesfipied Bdlyl{onsirnpismadede. péEenas way 188 pogdifnphyteateaolperi od
of 24 hour relcollected. Total lipids were extracted fromthe oral
m xt ure dgﬁgo H¥*From feces, and the difference in the 14C

For the determination of the cholesterol absorption, the method of dual isotopic ratio in
feces was used as described by Schwarz et al. (Schwarz M, Russell DW, Dietschy JM,
Turley SD. (1998) Marked reduction in bile acid synthesis in cholesterol 7 o-
hydroxylase-deficient mice does not lead to diminished tissue cholesterol turnover or to
hypercholesterolemia J. Lipid Res. 39: 1833-1843), which consists in the indirect
measurement of the difference between the radioactivity of a single dose of radiolabeled
cholesterol administered by gavages and that found collected feces 24 h the

administration of radiolabeled cholesterol. The method includes the joint administration



/3H ratio was cal cul ated. Results are shown in Table 11. Table 11

G oup Chol esterol absorption Chol esterol absorption reduction (%
(%9 Control (n=5) 72 4 Goup 1 (n=3p 38 Lla'b 47 Goup 2 (n=6) 44
3" 38 Goup 3 (n=5) 55 3a 24 Goup 4 (n=bH)

of a non-absorbable radiolabeled internal sitostanol standard together with the

radioactive cholesterol, for the calibration of measurements.

After 40 days of feeding each group with the aforementioned diets, the animals were
given a single dose containing 1 uCi of [4-1*C]-cholesterol together with 2 uCi of [5,6-
*HJ-sitostanol. Feces corresponding to a period of 24 hours were collected. Total lipids
were extracted from the oral mixture dose and from feces, and the difference in the

14C/H ratio was calculated. Results are shown in Table 11.

Table 11
Group Cholesterol Cholesterol
absorption absorption reduction
(%) (%)
Control (n=5) 72+4
Group 1 (n=5) 38+ 4%° 47
Group 2 (n=6) 44 + 3%P 38
Group 3 (n=5) 55+ 3% 24
Group 4 (n=5) 625 14

* p < 0.05, Mann-Whitney non-parametric U-test with respect to the Control group
® p < 0.05, Mann-Whitney non-parametric U-test with respect to Group 3

The results show that the average cholesterol absorption is 72 %. The animals from
Group 4 that were fed with the phytosterol suspension prepared from the dispersible
phytosterol powders of Example 15, experienced the lower reduction in cholesterol
absorption, only 14% of reduction with respect to the Control group. These were
followed by the animals from Group 3, whose diet included aqueous dispersions of
phytostanol esters, which have been scientifically well acknowledged for their action.
Group 1 showed the higher cholesterol absorption reducing capacity, around 47% with
respect to the Control group, thus evidencing that the dispersions prepared according to
the methods of the present invention are highly efficient to reduce cholesterol
absorption. Likewise, the dispersible phytosterol powders prepared according to the
processes of the present invention (Group 2) are significantly better to reduce
cholesterol absorption than dispersible powders of phytostanol esters and phytosterols

prepared according to other processes disclosed in the state of the art.
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shown in Talhi e 12: Tahl e Sa;t | ngredi pm‘ % in weight Canola oil 140
Vi negar 5| 8 Dispersion ofug#ie assay 4.3 of [Exanple 4 7072 Salt 1.5
Sugar 3. 7| Spi ces &pides dnd\iawonmg apgent s 3.5

Carboxymethylcellulose 1.2

The phytosterol dispersion, salt, sugar, spices and flavoring agents were mixed in a
stirred vessel, then the other ingredients were slowly added with constant stirring and
the mixture was homogenized. Finally, species and flavoring agents were added with
stirring, The salad dressing prepared according to this procedure had desirable

consistence and taste characteristics.

Example 18
Preparation of a dairy drink

A dairy drink containing dispersed phytosterols was prepared according to the formula

presented in Table 13:

Table 13
Ingredient % in weight
Powdered milk 15
Dispersion of the assay 6.5 of Example 6 85

The dispersion of phytosterols was heated to 40°C and then mixed with the powdered
milk in a stirred vessel. The resulting mixture was pasteurized at 84°C and quickly

cooled down to 5°C.
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pasteurized at 84C and qui ckly cool ed down to 5C

34 Exanpl e 19.

Preparation of a margarine A margarine containing di spersed

phyt ost er

14: Tabl e[ 14

ol.s was prepared accordi ngla¥ ¥he formula presented in Table
Ingredient % in weight

Vegetable oil 43

Dispersion of the assay 4.4 of Example 4 50
Fat 2
Buiter 3

Salt 14

Mono- and diglycerides 0.4

Flavor 0.07

Lecithin 0.08

Potassium sorbate 0.05

The dispersion of phytosterols was heated to 80 °C and mixed with the salt, mono- and

diglycerides, water-soluble flavors and potassium sorbate with constant stiring. The

resulting homogeneous mixture was pasteurized at 60°C. The vegetable oil was heated

to 80°C, mixed with the fat, butter, oil-soluble flavors and lecithin to form a

homogeneous mixture. Then, the aqueous mixture was added with stirring at 70°C to

form an emulsion. The emulsion was subsequently cooled down and packed.

Example 20.
Preparation of a yoghurt

A yoghurt containing dispersed phytosterols was prepared according to the formula

presented in Table 15:

Table 15

Ingredient % in weight
Dispersion of the assay 6.10 of Example 6 75
Powdered milk 17
Sugar 6
Stabilizers 2
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A yoghurt containing dispersed phytosterols was prepared according to
the fornmula presented in Table 15: Table 15 Ingredient % in weight

Di spersion of the assay 6.10 of Exarrp#| 6 75 Powdered m |k 17 Sugar 6
Stabilizers 2 35 The dispersion of p @t osterols was heated to 40C
and m xed with the powdered m |l k. The m xture was pasteurized and
then the sugar was incorporated into the pasteurized m xture. Lactic
yoghurt cWhatisedaiwedé&: added to the m xture, which was subsequently

i ncubated at 37C until reaching pH 4.2. A m xture of stabilizers was
t hen added and the resulting yoghurt was packed. 36 What is clained
is: 1. AlpAgpoess td progueducquans glgtreauss fdikpstsisit velreedins said prpesss tamprises
wherei n s%{edtegggfcess conpiises the steps of: a) dispersing in one

di sperser or ISpersing in a first and a second sequentially arranged

di spersers at @& digrpargainusre didpestr bredisgersdstOfd o mfiest @hd 0geeond sequentially
hytosterols, water and one or nore enul sifiers n order to obtain an
il o5 on Cand by EPER! g ATLrEI 8° B fokh oft byt Parepard: on
of phyt ost erol s. water dddenp 00&s smakifiersdh tgeit 6 obhidiamednlsishgimei n t he
di sperser is st ilrre%gl veuisel . F . The %r oc((jass acc rlgii n tlo claim1l,
wherei n the di ¥FEPYEMT EEHOHR PRI FHNGaHS dispersion of phytostorols.
2. The process according to claim 1, wherein the disperser is a stirred vessel.

3. The process according to claim 1, wherein the disperser is an on-line mixer.

4. The process according to claim 1, wherein the disperser is a one-stage pressure

homogenizer and the homogenization pressure is in the range from 30 to 2000 bar.

5. The process according to claim 1, wherein the disperser is a two-stage pressure
homogenizer, and the homogenization pressure in the first stage is in the range from 100 to

3000 bar and the homogenization pressure in the second stage is in the range from 20 to 100
bar.

6. The process according to claim 1, wherein the first disperser is a stirred vessel and the

second disperser is a one-stage pressure homogenizer.

7. The process according to claim 1, wherein the first disperser is a stirred vessel and the
second disperser is a two-stage pressure homogenizer and the homogenization pressure in
the first stage is in the range from 30 to 2000 bar and the homogenization pressure in the

second stage is in the range from 20 to 100 bar.

8. The process according to any of the preceding claims, wherein the temperature of the

emulsification step is in the range from 150 °C to 200 °C.

9. The process according to any of the preceding claims, wherein the dispersion comprises
from 100 pg to 1000 mg of emulsifiers per gram of phytosterols in the dispersion and said

emulsifiers have an HLLB number ranging from 1 to 20.



4. The process according to claim1l, wherein the disperser is a
one-stage pressure honogeni zer and the honbgeni zation pressure is in
the range from 30 to 2000 bar. 5. Thesprocess according to claiml,
wherein the disperser is a two-stage pressure honogeni zer, and the
honogeni zation pressure in the first stage is in the range from 100
to 3000 bar and the hompgeni zati on pressure in the second stage is in
t he range PrHmperetsocanding iy claim 9, vrherey e disperdeenyiisey fan 9 migdp 200
wher ei n t g, driefrtsifdlSRELESB of bBytéitesdll.r red vessel and the second

di sperser i's a one-stage pressure honogeni zer. 7. The process
according to claim1l1, wherein the first disperser is a stirred vessel
and the sq¢omt HbReIER8ink o Gaitdli®; $hagR (¥ &3AUNE RONDEERAE &8hlsi&Bd if hie
honogeni zation pressure in the first stage is in the range from30 to
2000 bar A&PHMBREPEHBHSAT 9%t PEHaGH-essure in the second stage is in
the range from20 to 100 bar. 8. The process according to any of the
precedi ng cl ainms, wherein the tenperature of the enulsification step
is in the lfalf§@racrsrreahugiockimdb wheran thefalty 3¢ig dslde &t or ding to any

of the preceding clains, wherein the dispersion conprises from 100 ug

to 1000 of ., emul sifiers per gram of phytosterols in the djspersign
and sai d”gﬁmlTE‘? PrEFs %?&Q}'amgﬁo H%B %u‘grﬁé’ﬁ'e“?‘i‘ﬁ%ic $ e dhy g’él? e of
10. The phREESSEORCRFkHr déhytiRtal ai m 9, wherein the dispersion
conprises from10 ng to 200 ng of enulsifiers per gram of
phytosterols. 11. The process according to claim10, wherein the
emul si fi en4orhp@cédé atddrligMal hifd €3, Swiebei tHROdbh{dFtdh 1P RhRiSS ioub P ghrhy Of
a fatty acid. . 12. The process _according to claim 11, wherein the
fatty aci dmiegigegleptopbjag powfigred phdosiioltess according to any of the
precedi ng clai ns, wherein the dispersion of phytosterols is further
dehydrated. 14. The process according to claim 13, wherein the
dehydration is carried out by spray drying in order to obtain
powder ed phytosterols.



