M CRCENCAPSULATEAND PROCESS FOR THE MANUFACTURETHEREOF TECHNI CAL FI ELD OF
THE | NVENTI ON The present invention relates to a mcroencapsulate and to a
process fwo 2btwimamuf acture thereof. More particul arly, PCaNIpo@®asoM7s
invention relates to a m croencapsul ate conpri sing m crocapsul es that
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15
BACKGROUND OF THE INVENTION

Micro-encapsulation is a process in which tiny particles or droplets are

surrounded by a coating to give small capsules that have many useful properties. In a

20  relatively simplistic form, a microcapsule is a small particle or droplet with a uniform
shell around it. The small particle or droplet inside the microcapsule is referred to as
the core, internal phase, or fill, whereas the shell is sometimes called a coating, a wall
or membrane.

The reasons for microencapsulation are countless. Examples of possible uses of

25  microencapsulation include:

- prevention of adverse interactions between the core material of the
microcapsules and the environment of these microcapsules (atmosphere,
product matrix, stomach etc.)

- improvement of the handling properties of the core material (e.g. by improving

30 dispersibility or reducing stickiness)

- manipulation of the rate at which the core material can participate in dynamic

processes (e.g. controlled release of drugs or pesticides)

- masking of the taste or odour of the core material.



etc. Hydrophilic coating agents are particularly useful in case the

m crocapsul es need to quickly release the core material when brought into
cont act wvoOhrowatiertr For sone applications, however, it PSTINIROOt0&M7St hat
the core material is not rel eased when the m crocapsul es cone into contact
with water or that is only rel eased v\,helr;2 additionally a certain rel ease
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rel eased in the digestive juices of the gastrointestinal tract. US

4,462,982 heseisithi dawg beenciseq i) the BapyRelgEapidniceacaphdssaneude gdluiasts nat eri al

whi ch shows,, | 2as A A bfacrease in weight by imersing it in water
at 37 0Cis ﬁéﬁ%’ozr%péﬁbg%e% llaéﬁ{@t h{ea et hyl cel l ul ose coating walls and/or the

core material tHesamPl Thdcexidnpt esthofl dof heclo&nqaswdatingdbmarindb®m @ process in
whi ch the m cr.ocapsul es . are prepar by .di ssol yi t hyl cel | ul ose jn
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incompatibility). The solvated ethylcellulose distributed in the cyclohexane as droplets
is said to tend to wet individual granules of thiamine and to envelop them. As the

20  temperature drops further, the ethylcellulose looses solvent and develops in solid
encapsulating walls. The microcapsules are said to protect the thiamine in the
preparation of dough or batter, at elevated processing temperature and in the final
product. Moreover, it is observed that the thiamine is released in the digestive juices of
the gastrointestinal tract.

25 US 4,462,982 describes ethylcellulose microcapsules wherein a polymer
material which shows at least 1.2 times increase in weight by immersing it in water at
37 °C is incorporated into the ethylcellulose coating walls and/or the core material
thereof. The examples of the US patent describe a process in which the microcapsules
are prepared by dissolving ethylcellulose in cyclohexane, dispersing a core material in

30  said solution, cooling the dispersion in the presence of the swellable polymer material
until ethylcellulose separates out from the dispersion to form coating walls on and

around the core material. The ethylcellulose microcapsules are said to protect the core



di gestive organs such as the stomach. GB-A 2 226 804 describes a process
for the preparation of m crocapsules conprising mcroencapsul ating crystal
gr anul es w0 20al1eexane-i nsol ubl e active ingredi ents i nPATONICHBNSKENE
mediumwi th ethylcellul ose in the presence of an anionic surface-active
agent or post-treating the drug granul es; m croencapsul ated wth

et hyl cel l ul ose by a cycl ohexane-di ssol ved surface- active agent. The
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coating suspension that was prepared by dissolving ethylcellulose in
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cycl ohexaneof thhra@ivdemigredicat! doawinddeha@ecapsul es to be used in foodstuffs,

beverages and pharnaceuticals, residual |evels of organic solvents need to
be reduced to veryo1d Pedetcsibespdrivery devics for jamgdiaierlegatiaed relegsaeha eve
this and cl ' : ; traces of organic

sol vents i n&?ﬁé%l%ée&nl‘lt ﬁﬁgégﬁ%@ﬂ@éﬁégfa Iesa{ﬂ?ode%%gf‘g@ggl&g descri bes a net hod
of produci ng rorocapsiiessaidagang axocometcanicdthat ssads whgn exeapdtd @t i ng t he
core, the nmethod conprising the steps of providing a core-formng fluid
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swells, said coating comprising water-insoluble hydrophilic particulate matter
embedded in a water-insoluble carrier. The examples describe the preparation of
coated tablets wherein a tablet core is spray coated with a coating suspension that
was prepared by dissolving ethylcellulose in ethanol followed by the addition of

20 calcium pectinate powder.

An important drawback associated with the aforementioned methods for the
preparation of microencapsulates resides in the use of organic solvents, notably
cyclohexane. In order to allow microcapsules to be used in foodstuffs, beverages and
pharmaceuticals, residual levels of organic solvents need to be reduced to very low

25  levels. However, it is very difficult to achieve this and clearly it would be preferable to
have no traces of organic solvents in these microcapsules at all.

WO 2008/056344 describes a method of producing microcapsules having a core
and a coating encapsulating the core, the method comprising the steps of providing a
core-forming fluid stream and a coating-forming fluid stream, providing a two spray

30 nozzle arrangement having an outer nozzle disposed concentrically about a core nozzle,
spraying the core-forming fluid stream from the core nozzle and the coat-forming fluid
stream from the outer nozzle to produce microcapsules, and solidifying the

microcapsules upon formation in a suitable gas. The Examples of the international



spraying the core-formng fluid streamfromthe core nozzle and the
coat-formng fluid streamfromthe outer nozzle to produce m crocapsul es,
and sol i dwDyorg1sdie m crocapsul es upon formation in a seCTaIl2eIpast’s The
Exanpl es of the international patent application describes the preparation
of mcroencapsul ates by spraying the corgformng fluid streamand the
coat-formng fluid streamin an atnosphere of nitrogen, using an inlet
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havi ng an average dianeter in the range of 1-10 mm as disclosed in the
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coati ngio s qadity wik@capsaed. Fulthérntoye, ddo as thedh@ thaitlspdiameder bf thy cei@nper s t he
utilisation of such m crocapsul es_in_ aqueous gr oducts (e, g. beverages) and
may al so adiegrieds oieilsdt thegangeafOst-? min apd fhehekthg congeatrigciorele it Hivponent s
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after ingestion, e. under the influence of the highly acidic conditions
N LR € O SRR U RGeS CRPTELY HISH BRSO Hive df scover ad
a procegs that eNgRh&Sréh1emRAARES BEdnUbsOve@incRiiBRRCARSHE LS hat 1S stable
in the presence of water, that does not contain traces of organic sol vent

and that rexdidiyalydpphalas coatingas peor Wetkirgligpesdabty. Bogrl water dispersibility
hampers the utilisation of such microcapsules in aqueous products (e.g. beverages) and
may also adversely affect the intestinal release of the active components contained
therein.
20 In addition, there is a need for microencapsulates that are very stable when used
in water-containing foodstuffs, beverages, nutritional or pharmaceutical products, but
that release their contents after ingestion, e.g. under the influence of the highly acidic

conditions within the stomach.

25
SUMMARY OF THE INVENTION

The inventors have discovered a process that enables the preparation of a
microencapsulate that is stable in the presence of water, that does not contain traces of
30  organic solvent and that readily disperses in water. This process employs:
e a fluid composition comprising solvent, dissolved hydrophobic polymer and a
dispersed active component; and

e apressurised antisolvent that is gaseous at atmospheric pressure,



a fluid conposition conprising solvent, dissolved hydrophobic polynmer and a
di spersed active conponent; and a pressurised antisolvent that is gaseous
at at nospweron/qu@Essur e, sai d sol vent being sol ubl e i n oPCEiNCIWIS0MRSt h t he
anti sol vent, said hydrophobic pol yner and said active conponent being
insoluble in the antisolvent,; and conprjises the successive steps of: a .
conbining the fluid conposition and the antisolvent so as to achieve a

condi ti on_ofy RSl BIRULANLHRT oPmidfIRS AL AL Mol 0%, BXARORBARIS, PO! yrer

onto the dispersed actrve conponent to produce m crocaps I'n which the
active conparientr dand shidl deyive oarepapetbdiyg msclobleiinghe snisdventgr ocapsul es havi ng
a volunme wei ghted average di anmeter of between 10 nmand 25 mm c¢

col l ecting ?ﬂé”ﬁﬂ%@ﬁ%%ggW@Q“%%H“@%ﬁ’%ating themfromthe antisolvent. The

above mentipnegdmBfy 8 RNPRINGSOsAB JMBME AELLNEN QD aTFLPRNEARDHABLE DS T hat
do not contain detectable |levels of organic solvent, that can readily be

di spersed i nt suwasgnraging; t hat do not rapidly rel ease the active conponent
when brought into.contact ter.. The inventors. have, surprisingly, found that
the. present > RBSHUFORE Bt Butoris PR SERuRe BiPrves ShBpERP ALY hat

conbi ne a hi ghrdemyt ﬁﬁ’&o&a?_sﬁles B0 MYeh We Attit O campsiewt Rifginy shaliped 1b?l al N the
presence of water. This finding is unexpected as the m crocapsules in the
present m cr o&paitygs sAidmecrapapsyles havgnmi volumeariiglfed mearage diampleyel frayeaad

goes hand in f & very thin coating |ayer. Typically, at payl oads of
around 50 mﬁ.g?gﬁéﬁ%%%%@ﬁg | ayer of the present m croencapsul ate has a

thi ckness of Lkelsstihpaie thicZoapvuled dnd sepiratihy theanfersald sntisbliatnt cr ocapsul es in
whi ch the active_ ingredient is envel oped by such a thin coating |ayer can
be stored in thellsrabesneniagncdareqess glables e Mpnpasieredf gheoreasptulitehkage of

the encapsupat &%&%Eﬁtﬁﬁ] &%9%%‘1:&:1{8%% é‘ﬁ@rggr% s@l%@rﬁ?ihg{;éantrgé‘dﬂy%ed}ﬁjg%gr el ates

to a novel mcroencapsul ate prepared nmeans “of t above
defi ned pr onessateilimel thatctooen cgpdlylratascolic 4dtisc pompemint whee btaught idmes not
rel ease the enca&§ulated active conponent when incorporated in

wat er - cont aiWAGVESEdst uf fs, beverages, nutritional conpositions or

phar macgutical  The inventors have surprisingly found that the present invention enables the
production of microencapsulates that combine a high payload (e.g. 60 wt.%) with a
very high stability in the presence of water. This finding is unexpected as the
microcapsules in the present microencapsulate are very small, meaning that at a high
payload goes hand in hand with a very thin coating layer. Typically, at payloads of
20 around 50 wt.% the coating layer of the present microencapsulate has a thickness of
less than 1-2 pm. It is truly remarkable that microcapsules in which the active
ingredient is enveloped by such a thin coating layer can be stored in the presence of
water for days without significant leakage of the encapsulated active component.
Another aspect of the invention relates to a novel microencapsulate that may be
25  prepared by means of the above defined process. The microencapsulate of the present
invention does not release the encapsulated active component when incorporated in
water-containing foodstuffs, beverages, nutritional compositions or pharmaceutical
compositions. However, following ingestion, the active component is released rapidly.
In addition, the present microencapsulate is readily water-dispersible and capable of
30  surviving the conditions of shear typically employed in the manufacture of foodstuffs

and beverages.



conpositions. However, follow ng ingestion, the active conponent is

rel eased rapidly. In addition, the present m croencapsulate is readily

wat er - di swergilglieoiand capabl e of surviving the conditi oRETNL268(9980475
typically enployed in the manufacture of foodstuffs and beverages. The

m crocapsul es contained in the present njcroencapsulate are characterised
in that they conprise: a core particle containing an active conponent; and

a coating that fgld r}{lc%\c{gglﬂé%scohﬂﬁea% %e&?%%ehﬁ@%g;ﬁ%@ﬁsﬂa@é cg?tlaé(tgﬁ&[ah()b Ic

pol ymer; wherein the core particle cont wel ght the core
particl e ofinahateheyamenptrise:gger corrponent and/ or the coating contains 3-100%

by wei ght of the hydr.ophobic nmer of a rel eage trigger conponent. The
rel ease tri'ggé‘rcoé%ﬁiiﬂ ﬁPn@WEP%i}é?ftﬁVﬁC?WBOQﬁn&raﬁ apsules is selected from a

wat er - swel | .ablaecoraaﬁ%/ tHat ﬁf‘l?f‘é'n%loﬁs L6 PARIAK @ oRERBS M%ycﬁ%})lﬁ%l@&) Fﬁﬂi@r pH 7.0

of less than 20 wt.% and a wat er - upt ake capacity at 3 0 of at
| east 50 wtwhérciartbc eore gditislcecontdins 3190 orhy \aelglatoefrth@mr@lpaﬂtlpwfatrekeaseoc and a

pH of 7.0 of.less th I|t 7. 0OC apHof
AL e R A RS e MR Rt S T
nost  wat er - grhai d¥l aN@lecRcodidEércontpodedtesul t of the conplete encapsul ation of
the core particle by a coating that conprises the hydrophobic pol yner and

optional ly a relBuwseleasq tglggfrr coBppBeiE smpldyat i thegnigecapse swaﬁeéfrctq @ugh at
neutral or sl Iagwétely S a% e p n{l‘?ﬁrm%mg%s&/%&l O#t%]%/%gapaélpfat%c’ @?Hl ?t €

after i ngest ionr ES sence ease I’I gge corrponent

in the moati nge@mﬁumzo Wh% andraewar- tptelteecapmqnatmécwhe@m 0 af legypsapsul at e
is ingested, the rel ease trigger conponent will cause destabilisation of
the mcr ocapsu’}’teé’ anflhe nechani sns i nvol ved with this destabilisation

i ncl ude (i), SVM%'e'Tdinsa‘?t{ha%l O&Q{%f soh%l ffdt)37@ég}?&'a‘bkpéfeﬁékif%ssrﬁ%ﬁ"lt' ng from

or dissolution of a sa ing an osnotic pressure wil
cause the coatmg@leﬁdhhxatansoiubdﬂpatﬂk@ dmal acpHcokZ Oadflaoleiastd mpknlr el ease of

t he i ncapsul ated_active c onent, Dissolution of salt contai.ned within the
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the hydrophobic polymer and optionally a release trigger component that does not let
water through at neutral or slightly acidic pH. The instability of the microencapsulate
after ingestion results from the presence of the release trigger component in the coating
and/or the core particle. When the present microencapsulate is ingested, the release

20  trigger component will cause destabilisation of the microcapsules. The mechanisms
involved with this destabilisation include (i) swelling of a polymer; or (ii) osmotic
pressure resulting from or dissolution of a salt. Polymer swelling and/or osmotic
pressure will cause the coating of the microcapsules to crack, allowing the release of
the incapsulated active component. Dissolution of salt contained within the coating will

25  open up channels in the coating through which the active component can be released.
The small particle size of the microcapsules favours a rapid release of the active
component as soon as a suitable trigger is provided.

Although the inventors do not wish to be bound by theory it is believed that the

extremely small particles size of the microcapsules in the present microencapsulate

30 renders the microcapsules readily water-dispersible and also renders them less
vulnerable to shear. Water-dispersibility of the present microencapsulate may be further

improved by the addition of appropriate surface active agents.



conponent as soon as a suitable trigger is provided. Al though the inventors
do not wish to be bound by theory it is believed that the extrenely small
parti cl esweizamw/afioithe m crocapsul es in the present m cr @emoapPsl0a45r ender s
the m crocapsul es readily water-dispersible and al so renders them| ess

vul nerable to shear. \Water-dispersibility of the present mcroencapsulate
may be further inproved by the addition of appropriate surface active
agents. FI GURES Figure 1 shows a SEM m crograph of a m croencapsul ate
according to the present invention Figure 2 shows a SEM m crograph of the
sanme m croeri€cARES ate as Figure 1, but at a | ower resol ution. DETAILED
DESCRI PTI ON OF THE | NVENTI ON Accordi ngly, one aspect of the invention
relates to a microencapsul ate conprising at |east 40 wt.% of m crocapsul es
having a di BpElkar sh%(;v_s(el-S]E_M%i@ro%ﬁdp%f%@ﬁcfb@ﬁéa@kﬁlhﬂ%&c@&rdln%% thelprident/o of an
active conponent, said mcrocapsules conprising: a core particle having a
di anet er5 ofin9étiom t o 23 nm representing 1-75 w. % of the m crocapsul e and
containing at |east 3% of the active conponent by weight of said core
particle; and a coating that fully envel ops the core particle, representing
25-99 wt . % ©iGurePeshEinG LR SR tipH of e bl MidrathcdRalste a%@i%ﬁre%&jt afa

hydr ophobi ¢ pol yner sel ected fromcellulosic ethers, cellulosic esters,

zei n, shel |lawer ggseluBen. pol yl acti des, hydrophobi c starch derivatives,

pol yvi nyl acetate polyners, polyners or copolyners derived froman acrylic
acid ester and/or a nmethacrylic acid ester and conbi nati ons thereof;

wher ei nigt he core particle contains 5-90% by wei ght of the core particle of
a release trigger conmponent and/or the coating contains 3-100% by wei ght of
the hydr opHBH &IHEPNEIC ol TIONDEIHE YYES&IO¥onponent , sai d rel ease
trigger conponent being selected from - a water-swellable polyner having a
wat er - upt ake at 37 0C and pH 7.0 of less than 20 wt. % and a wat er - upt ake
capacity at 37 O0&cantngll @hehspéct af theamaintibh ralite@bo aamdtroencapsulate

comprising at least 40 wt.% of microcapsules having a diameter of 0.1 pm to 25 pm

15  and containing at least 1 wt.% of an active component, said microcapsules comprising:

- acore particle having a diameter of 90 nm to 23 pm, representing 1-75 wt.% of the
microcapsule and containing at least 3% of the active component by weight of said
core particle; and

- acoating that fully envelops the core particle, representing 25-99 wt.% of the

20 microcapsule and containing at least 20 wt.% of a hydrophobic polymer selected

from cellulosic ethers, cellulosic esters, zein, shellac, gluten, polylactides,
hydrophobic starch derivatives, polyvinyl acetate polymers, polymers or
copolymers derived from an acrylic acid ester and/or a methacrylic acid ester and
combinations thereof;

25  wherein the core particle contains 5-90% by weight of the core particle of a release
trigger component and/or the coating contains 3-100% by weight of the hydrophobic
polymer of a release trigger component, said release trigger component being selected
from:

- awater-swellable polymer having a water-uptake at 37 °C and pH 7.0 of less than

30 20 wt.% and a water-uptake capacity at 37 °C and pH 2.0 of at least 50 wt.%; and
- an edible salt having a water solubility at 37 °C and a pH of 7.0 of less than 1 mg/ml

and a water solubility at 37 °C and a pH of 2.0 of at least 5 mg/ml.



- an edible salt having a water solubility at 37 OC and a pH of 7.0 of I|ess
than 1 ng/mM and a water solubility at 37 OC and a pH of 2.0 of at least 5
ng/ m . Thewoenrwvdumier oencapsul at e” as used herei n ref er s PCo/MNL2p@AIS0408] at e
conposition in which the m crocapsul es are contai ned as non-aggregat ed
particles and/or in the form of aggregatgad particles conposed of clearly

di stingui shabl e m crocapsul es. The term ™m crocapsul e" as used herein

refers to a partiiel g Mol Ganhaln%ak LePRLcA hAGLE HAEIPALIMALRIGAL | S

fully envel oped by a coating having a conposition and/or structure that is
di fferent finovhithéie notrochgsubene @atdingl @.nohhggtognted hewicks pad/ot ol thé as used
herei n enconpasses both sol.id, sem -solid and lLiquid particles, The term
"core parti Pa'o?ag%fsgaéﬁtm%%%@%ﬁ%sﬁ?1F@?>b§ieé%@%al®§§>le§wewca@ukéat ed
particles, and aﬂ&'t@ﬂ&?“ﬁi&é’caﬁﬁﬂ&" £ R8d hdiRf &Moo ASHHME 1P ERAMB Lt 1A used
herein refers to a substance or a conposition having a clearly recognised
activi ty ora fingletchmattidythaBsdniy esvetfped by iavceattugipomend somprsitipaeind/or
nutritionall el evant,.conponent.s .. mnerals, vitamns, carotenoids,
pol yunsat ursé%{‘g r%ﬁﬂagﬁs,dlfgﬂg&r{gogfgaqaitggfh_f%foﬁeéf% “conponents, flavourings,
proteins (e.g. erlie}’tei@ﬁ)‘cor@gﬂftﬂclée%s u Sl HeReiR 6h&btnpaliics bBthXodd NehiiBelid\end
mentioned herein before, the present i nvention enabl es the preparation of
mi cr ocapsul leayid particlgs.elhettenin ecorqparticlaq alse gBCaRRASTS FABNDSISfPareales: suchmsl but

t hat qui Ckléég{eﬁl SRS Ney e?g%tl(’;r%{eerat%ff QReNt in an aqueous environment of
acidic pH nsepquenefry, ese m crocapsul es can advant ageously be enpl oyed
i n wat ero- cont ai nMlirgee vVastiag esmpdoddsisufsts heeinplafsismeedibitamde @raoduct s as the

m crocapsul es wil|l release the active conponent under gastric conditions,
maki ng t he @EENOFEIOR dapBASrrtcagly ariognised peivitios SrpstipBHIty v lesrfestiyhes.

Thus, a partJ ferr [ [ jonretates to a
m gr oenc zlgpséumgjt{)(lla1 Qﬁnté ZI%%“S @#(iat?o?lg g I @%&eﬁﬁ@?@nehﬁ%'g MRS YR

at at tenperature of 37 0C (i)
| ess t han Oca?otehads, phlyuactireedodsyp pheantacégicaky easedompbdiints, Hlakauwringghen 20
ng of the mcr oer}capsul at& is dispersed.in 20 m of. distilled water and
(i) at | ea¥Preaby(Cgr SIMSH) ORI QLU0 3¢i95 ANAORYSENIYPEf er abl y at | east 50%

of the potive cOAPRRRRIndhefehl BASRIUKALR ivatih AR B0 pRanfioh Be

ni croencapsul ate 1s di spersed in 20 of distilled water of which the pH
was previ ousioyocagpulestbet arostablp iman hqudchs envmenmeeseimteuiravghbiutaghatgruackilyles

mcr Oencapsr%leggeet?le %Qt%;e c%%gpo?lgrlltXn & gqﬁ/e%{lg/ eg\;irao?llrn%nt of acidic pH. Consequently,

these microcapsules can advantageously be employed in water-containing beverages,
foodstuffs or pharmaceutical products as the microcapsules will release the active

20  component under gastric conditions, making the active component available for
absorption in the intestines. Thus, a particularly preferred embodiment of the invention
relates to a microencapsulate meeting the requirement that at a temperature of 37 °C (1)
less than 0.2.% of the active component is released within 1 hour when 20 mg of the
microencapsulate is dispersed in 20 ml of distilled water and (ii) at least 5%, preferably

25  at least 30% and most preferably at least 50% of the active component is released
within 1 hour when 20 mg of the microencapsulate is dispersed in 20 ml of distilled
water of which the pH was previously adjusted to 1.0 with HCI.

The present invention provides microencapsulates that not only are very stable

in aqueous environment of neutral or slightly acidic pH but also exhibit a very high

30  encapsulation efficiency. The term “encapsulation efficiency” refers to the fraction of
the active component that is effectively entrapped in the microencapsulate. According
to a particularly preferred embodiment, the present microencapsulate exhibits an

encapsulation efficiency of at least 75%, more preferably of at least 85% and most



i n agueous environnent of neutral or slightly acidic pH but also exhibit a
very high encapsul ation efficiency. The term "encapsul ati on efficiency"”
refers towvoheldfmaati on of the active conmponent that is eCTaatoosmbsy7s
entrapped in the mcroencapsul ate. According to a particularly preferred
enbodi ment, the present m croencapsul at egbexhi bits an encapsul ati on
efficiency of at |east 75% nore prefera ly of at |east 85% and

most pr ef er ﬁ%le%raﬁ)fly Qfatll 8659° e J;lﬂg ﬁﬁﬁ@ﬁ’%fﬁc?etnic nase[fcfé.n(\ehﬁ@ﬁy hi2S referred

tointhis cunent et erm ne | ncorporatihg an active conponent,
such as ir odocpmenpbdstphahed by mtoorfichatinpomencpae torap@enofudhhs irdncr ocapsul es.

Next, 20 of m croencapsul ate is d| ersed int f distilled water.
After 1 hOLRYrPN}é)SEIE?é%éWQ %%qui:aﬁfﬁaleﬁg ﬁ{uﬂ%@%@e %ﬁaxt 2@5&%&% is taken

fromthe s %ﬁ?c"r&b?ﬁ%@ﬁlhlateﬁ‘é Q%?Gfé@dﬂ fdy 20 W% F GQHH&{‘%@I« 'AQf'EbrqfhohP heaGlpchSion
component (AC) in the sanple is determ ned and the encapsul ation efficiency

i s cal cul atleghidhis qmuﬁcge(dfanﬂhe;aﬁmld iowikey fmguthe isopern@E. Sulko@unyly, the

(encapsul at ed Al e su at ed a at ed AC) . Th resent
e on s ion bt BRGGRRS s ia e o BESRTRATK Sorenihae SFRE o
payl oad. AcGRhskun@ioM cffidlerRyEEMcted B8y hRdneahag foTRMing tqiRtiFh.cr ocapsul e
contains at least 5 w.% nore preferably at |east 10 w. % and nost

pref erabl y ‘@EEI=Hd% Zdewp%l@iﬁdﬁﬁé/ é@ﬁnV@S@]@WdoﬁemenCME@t@fk@ to a
preferred enbodi eg%es\ﬁkbﬁvéﬂt? noe%nlglgfﬁl%l cﬁwﬁ%rf Bpﬁgﬁéc%g?l%% N V\Ifgnag )Ifc d most

contains at |eas even nore era

preferably lbgh bedsdd. 2&cwddif@dQfin mvelfyqﬁaﬁeaﬂdi embh@meng tiee @lioammpﬁﬂe obntfind MM to
25 m”Tm In accordance wi t h anot her ?referred enbodi nen

ni cr oencapstlesed dére.anqis Peaferplysf leag Mk woie a@dé@psﬁgﬁe&r@mg%l{e%@ Vgt70| east

85 wt. % an frtfﬁ " ¥ at least 90 wt.% of microcapsules having a
di anet er do C%%ﬁ%gpé The wei ght averaged nean di aneter of the

pr esent m cr oencéacpx;)l:dlag ® aﬂt\tﬁanted@amoslinyeﬂtlthsmmmmdapmhﬁe Dﬁth@@rﬁkn@ 2 Mmto

10 mm especially in the ran of 0.25 nmto 8 eferablyln
the T ange: fvastianigt [P oPEnginE PR EeBR 4 NSt ol b
Lypi cal [y Rasrih ANELe59 0 23 5O AR Kﬁ%n%as@iﬁﬁl'e@rlomqu@gpzﬁﬁ%t& 15 mm

Advant ageousl vy, e core particle represents %9 nost preferably
10-60 wt. %@fzomdhecerthln @tmlpﬁstyréerr%gnb@ilmet d@rtplcmntapsslamceh@m&bitjcast

p?Q]E 2:, ggﬁyl ) wp %), & Em acrptrlcf%ra%ly at 180 WW ancgifmgstt pre cra%ly a? {gastn%’wt % of

microcapsules having a diameter of 0.2 um to 20 pm.
The weight averaged mean diameter of the present microencapsulate
20  advantageously lies within the range of 0.2 um to 10 pm, especially in the range of 0.25
um to 8 um and most preferably in the range of 0.3 pm to 6 pum.
The core particle of the microcapsules typically has a diameter of 150 nm to 20
um, especially of 200 nm to 15 pm. Advantageously, the core particle represents 5-70
wt.%, most preferably 10-60 wt.% of the microcapsule. The active component is
25  preferably contained in the core particle in an amount of at least 10%, more preferably
of at least 30% and most preferably of at least 70% by weight of said core particle. As
mentioned herein before, the core particle may be solid, semi-solid or liquid.
Preferably, the core particle is solid.
The coating that fully envelops the core particle of the microcapsules typically
30 represents 30-95 wt.%, more preferably 40-90 wt.% of the microcapsule. The
hydrophobic polymer advantageously represents at least 20 wt.%, more preferably at
least 50 wt.%, even more preferably at least 70 wt.% and most preferably at least 90
wt.% of the coating.



of at |east 30% and nost preferably of at |east 70% by wei ght of said core
particle. As nentioned herein before, the core particle may be solid,
sem - sol iwoaniddiguind. Preferably, the core particle is ®oriNd200ps8040at i ng
that fully envelops the core particle of the m crocapsules typically
represents 30-95 wt.% nore preferably 40-90 wt.% of the mcrocapsule. The
hydr ophobi c poI yrrer advant ageously represents at |least 20 wt.% nore

preferanty at | oartnygfotbofinoifn RRICRRB G ANY o Bhink 885 Al Mhpdaand MOSE

preferably at e coatl ydr opho | C po that is
enpl oyed i nisiahmnctagabmsh;gsaiéctetdwﬁonmoehuioapsﬂiees z¢18, ﬁdumghg@mpelly;acséésect ed
fromcellulosjc. e hers el n,. shell ac&%ut en, ol%ll act i de hydrophobi C

starch der | WAFORPQEICALTE %Vaég%)@%%as ik GO, wem%e Heh MFe

preferably ﬂr@%r flﬁ@l@@#ﬂpﬁolﬂ@ Ipﬁ%{er '1§a @elﬁfdskd’étﬁ’é‘ fofifekrabiPshylPr ef erably
et hyl cellul ose. The m crocapsul’es of the presenf inventiori may conprise

one or rﬁorecerl:loloeepartl cles. Preferabl y sal dm crocapsul es cont ain not nore

than 5 core partj.cles, even rrolr)[rﬁ g not nore.than core particles.
Typical ly, in thegPetesipsiiss 8%1%5%#1“ EWGP %W%P%‘BR%SSO&G%W&%PO nd the
optional rejeages. PrifegBly, SAMMRABHIpshied 85 MEh nOERMLRSH 5 8bre! RATH s S9N
preferably at |east 95% E)y wei ght of the coating. The m croencapsul ate of

t he presentmprpyseficrably auivaeie dyacueiry pasalcai ns a rel ease tri gger conponent
in the form of af‘p;gﬂgc%ﬁl,lg Ptltﬂ@{)l%rsent%\@%inloggdsﬁlegqm{ c[ro?lﬁ?‘o&)q@#lyﬁgr i tﬁ% n. The

wat er - swel | abl e [ ncor core particle,

t he coato ngopionbiatirasd tﬁgg@m@n@aﬁ@e tdgdﬁbr@é}ﬁesaﬁirettlléasi 0% Asheferdbhg ed bt
enbodi ment the rel ease trigger conmponent contained in the coating of the
m cr ocapsul ¥5° ¥ WeigRhrEthecRalingbl e pol yner as defined herein before. In

accordance w th g ganla%en%g;\gafa&eamﬂygre cﬁgﬂﬂﬂeﬁ}?&{ advtaﬂﬁgé&{ fiﬁ%ﬁtaﬁﬂé ger

corrponent contained Int core par IS a water- e polyner as
defi ned hermelaase tT]Iggen dmmhemtsn teevierh ot audl (dchih twatereswadtlaipls pobsndras dbficld t he
core parti Cllle?esln QPhe water-swellable polymer may suitably be incorporated in the core particle,

15  the coating or both.

In accordance with one particular advantageous embodiment the release trigger
component contained in the coating of the microcapsules is a water-swellable polymer
as defined herein before.

In accordance with another advantageous embodiment, the release trigger

20  component contained in the core particle is a water-swellable polymer as defined
herein.

The inventors have found that microcapsules in which the core particles contain
the water-swellable polymer are highly stable in aqueous environment at neural pH, but
at the same time very efficiently release the active component after ingestion. Thus, a

25  particularly preferred microencapsulate is one in which the core particle contains a
water-swellable polymer as defined herein.

Advantageously, the water-swellable polymer of the present invention has a
water-uptake at 37 °C and pH 7.0 of less than 10 wt.%, most preferably of less than 5
wt.%. The water-uptake capacity at 37 °C and pH 2.0 of the water-swellable polymer

30  preferably is at least 80 wt.%, most preferably at least 120%.

The water-uptake capacity of the release trigger component is suitably

determined by weighing the swollen microcapsules, as described in Biomaterials, 23 p

4469 (2002).



the water-swel |l able polyner are highly stable in aqueous environnent at
neural pH, but at the sane tinme very efficiently rel ease the active
conponentwaf2oavolskngesti on. Thus, a particularly preferredTmicomoseapsul at e
is one in which the core particle contains a water-swell able polyner as
defined herein. Advantageously, the water-swellable polymer of the present
i nvention has a water-uptake at 37 OC and pH 7.0 of |less than 10 wt.% nost

preferably of | . wWE .9 ?]fa!.n : pH
2.0 of the wat e%%ﬁ%??%bﬂ%g%gﬁ}%@}ﬁ%&% rdg%ﬁ{?ﬁ%%?ogfﬁ eagifheg%ptt’\%ﬁ%?@?ergmgft
pref er abl y taiggtreaatpohi¥he mieocsptdes mphakdcroapapiuiate odn dulteblyeoetaseothed gger

conponent is suitabl eterm ned by wei.ghing the | l.en. m crocapsul es, as
descri bed i WHBioé‘ﬁ’HF-e%F%FébTY’?@WﬁV%%? aetm%n?@@gmd@»\ﬁﬁkYH@pagffwefyegﬁﬁaﬁi ent,
the hydrophgbigeReysRF cfoddierepRIERMR bUIR Io?ﬁr%gllnit:fdcglﬁk%'[e_. %QH&%H%‘N, ik he

m crocapsul es in the mcroencapsulate can suitably contain other
conponerit s. prefegke cabbgimenbthe\aetiye ¢drepcaeti, the reloagednggdr cotmipendny dndfisobi ¢

T cf ocapeul BRI GRRIPY R EREREr otk RO e e Rl BP0 Bbithent

t he rel easeht Wiggehcaggeonent and t he hydrophobi ¢ pol yner together
represent at least 80 w.% preferably at |east 90 wt.% of the
m cr oencapsul es.Thptelepssl tagee compgaent ix Bepgome af an ediblssalt sradvattagaougldiab| e

salt is advagnt | |. & } [ | t 0C and a pH
of 7.0 of Isgag[ sh%tgﬁghés%%%asr%ﬁ)ﬁ!l& t,ng:’“éggﬁ a%%{\@hgoff ﬂé@@%sﬁ%&’%ﬁp %3%1 'm and a

wat er spl ubprkfckablyabf Bss tB&h aNndn@nbindb watdd sofubiity hieXBC ddd api of 2.0psfat er abl y
of at least 20 ngy Preferably, the edible salt is selected from

/m .
car bonat es, [t 48 preimb Prefeiabhifias deastd 0 mgindsPredsrabue tBe ediblssalt insedectadumar at e

and cormbi n %rﬂ’&%rb%ﬂ%?,?ﬁos TR, sﬂfpfl}gtﬁsé%g}agés Bk BatBal Bl oma30 ridhh Ged e%(]iwat er of

neutral pH, but are nmu re so ndef "aci di’'c condi’'tions. us, when
t he m cr ocasuliegions therdof. Tentaatsals 4k haatlesoloble acivdice opituttabyHbt larabsor b

AT SE N LR G
mi cr ocapsul &act W WRkGRTFECHIJ 9 8lcy GAMRBRED tvatd? ahfGif Of U@ hadially
wat er - swel | abl e polyner is prefer a%l y an am no-group contai ni ng” pol yner,
even nore pligdobreabérgbmercatmigigsrgy mue coating that will allow the active component to be
released from the microcapsules.
The release trigger component in the form of a water-swellable polymer is
preferably an amino-group containing polymer, even more preferably an amino-group
20  containing polymer selected from chitosan, aminoalkyl methacrylate copolymers,
polyvinyl aminoacetate and combinations thereof. The latter cationic water-swellable
polymers will easily disperse/dissolve in water of acidic pH as they carry a positive
charge at such pH.
The benefits of the present microencapsulate can be realised with a wide range
25  of active components. Preferably, the active component is water-soluble and/or water-
dispersible. Even more preferably, the active component is water-soluble. The active
component is preferably selected from minerals, vitamins, pharmaceutically active
substances, micro-organisms (¢€.g. probiotics), sterols, carbohydrates, proteins (e.g.
enzymes), peptides, amino acids, carotenoids, anti-oxidants, extracts, bitter tasting
30  substances, oils and combinations thereof. More preferably, the active component is
selected from minerals, vitamins, probiotics, enzymes and combinations thercof. Even

more preferably, the active component is a mineral, most preferably a mineral selected



cont ai ni ng pol yner sel ected from chitosan, am noal kyl nethacryl ate

copol yners, polyvinyl am noacetate and conbi nations thereof. The l|atter
cati oni c watero/awall abl e pol ynmers will easily di sperse/ #cssalom/ose7sat er of
acidic pH as they carry a positive charge at such pH The benefits of the
present m croencapsul ate can be realised,with a wde range of active
conponents. Preferably, the active conponent is water-sol uble and/or

wat er di sper 1?%19 lt%]%tjc:rg]g ?OI{E?Slﬁﬁé BEEDE '&@Iplkéfundts,rk%é A icéﬁ‘l 5 1 ?@ggﬁesiu?n

wat er - sol ub Ive component s pre I e rom m neral s,
vitam ns, plaipoacdyzincabhpoandsi iodinswind cambemtiond thereodr gani sns (e. g.

probiotics), sterols, carhohydrates, proteins (e.g. enzynes)., peptides,
ami no aci ds, car Oiis8F @,0? NressRt 4, ﬁﬁ?,n aé?(P?Hé‘ﬁ%‘% BIFOPP%IFCGaé%ti ng

subst ances, Qe 16 QERIRAAIPEsESHEE 60hicrdRHSuIR BB AP Yight Rer@tli ve

conponent is selected frommnerals, Vvitam ns, probiotics, enzynes and
conbi natd ondambter eblss thyeh0 porandprlefian add ynictoeepsalbss iaveepresmp aniadividuwl a

m neral, nost preferably.a mineral ,selectedfromth r Qup, consi st i ng, of
ron compouliseesertd istandioad tsdareal i e o traedinBlvn i Sapesidbe,
i odi ne and gefthicd3hibe@Bndnh@hERcrocidep PEREE dsitsAIf al fdRvdRF BSEME a @At i On are
particularly pronounced in m croencapsul ates essentially consisting of

m cr ocapsul ®stagad disgnetered ieghthan Oy edit gprss ef anpfgglameateh apwder havingrd
wher e n sal \ge'nhtca{vgf;a%?%%ﬂa ete?'rh?p{%rrg&eengf 1%§1d06itln¥.l dual non- aggr egat ed .
particles andForin e Tormor aggregates. Accordingly, in an especially

preferrad enbodi Aksiher dspet 61 thie dREPS Ll &t LtocONBESE 8 fcapsudaitgen doavd ng a
wei ght averaged dianeter of less than 10 mmor it consists of an
aggl onmer at ePTRORERTN AAWHY campsip p hydiophoRie Py EREPRFMPIYIN%e range of

10-1000 ‘mm , Ajof e @@c}’sﬁ%ﬂl c%hﬂ%fr%ﬁg:aﬁl’e%@ttéoo&}t.%edf%fv’v%ntl 8.1?2d0&/ﬁ§,e s of

encapsul ati ng an active conpo a nmatri'x conprising a rophobi c

pol ynmer by engdissylivedhydraptdbit bl e eipasl ¢t 00D2E aapd, ipssfagbiat0.2-easit. 9801 mt . % of
solvent, 0.1-20 wt.% of dissol ved hydrophobi c polyner and 0.002-20 wt . %
preferably 0. S15PersGt adivercoRPARAEeded acti ve conponent; and an anti sol vent

15,0557 R IPRRLSI ol BSPHLSY LN SR HF YIRS P oo
anti sol vent, @ﬁs@riﬂ}bﬁ&tﬂp&h@ﬁﬂ bar,
said solvent being soluble in or miscible with the antisolvent, said hydrophobic
polymer and said active component being insoluble in the antisolvent, and said
hydrophobic polymer having a water solubility at 20 °C of less than 0.1 mg/ml,
20  preferably of less than 0.05 mg/ml;
wherein the process comprises the successive steps of:
a. combining the fluid composition and the antisolvent so as to achieve a condition of
super saturation;
b. precipitating the hydrophobic polymer onto the dispersed active component to
25 produce microcapsules in which the active component is fully enveloped by a
coating, said microcapsules having a volume weighted average diameter of between
100 nm and 25 pm,
c. collecting the microcapsules and separating them from the antisolvent.
The above defined process is particularly useful for manufacturing a
30 microencapsulate as defined herein before. Unlike microencapsulation processes
described in the prior art, the present process enables the manufacture of a
microenpasulate having a very high encapsulation efficiency without the need of using

washing steps to remove badly encapsulated material.



pol ymer and said active conponent being insoluble in the antisolvent, and
sai d hydrophobi ¢ polynmer having a water solubility at 20 OC of |ess than
0.1 ng/ mMwopeeWesabl y of | ess than 0.05 ng/ m; wherei n POE/NIRODOSEITS
conprises the successive steps of: a . conbining the fluid conposition and
the antisolvent so as to achieve a condH%ion of super saturation; b.
precipitating the hydrophobic polyner onto the dispersed active conponent

Lo produce i cr oapstl,es,dihthliah, hIRcAGE) ¥RAGRIRMERImLS, Gyl |y envel oped

by a coating, sald mcrocapsule ving a ume wel ght aver age di aneter
of between rmBoamoa@athtethanindirectly cﬁiﬂduhataﬁtangepdnalm feoro clapatisels c@trhds an
separating th e anti.sol ve The ab cess is

particularl?wg@@L%ggk ‘“W§H&¢&E?ﬁ?gh%’auﬁ1ﬂﬁ éﬁﬂﬁ?& § defined herein

before. Unlike W%&@BF%@%ﬁs@NeﬁﬂnRﬁ&?&&%ﬁ% ﬁ?@s%ﬁﬁée%f‘gqs bffeﬂs*ﬂﬁe Rlvaffag@r t, the
present process enables the manufacture of a m croenpasul ate haV|ng a very

hi gh encapsthhtata s@gmﬁtifntdﬁvebcgf thyp talfrtwtvenh‘ellhh@@tmedumtlﬁglsmla@th ng steps to

renove badly. enca mat er.i.al L n..accor da uIarIy
referrod dlisoueRan: PRt o aupeiRnr BB RS R Eiat) - SPLPRG Lt o
separ ati on ol tHaeisakéd ®Ui%eRile lafopRobie PeBRsd! SYliais @hf ér@'{p@[rﬁi@ﬁlaﬂﬁl at | east
90% nost preferably of at |east 95% The use of an antisolvent in the form

of a pressufitsérgus nbﬁhf:@f@emtﬁéeth@ﬂ/alﬁtuagéilt@meetﬂm@lsSCgﬁhfdiqi%uﬁl -Gayelss of
this antisq Xt%ﬂglndv%or\#x n?a? ong h}%{r ?dA C%{&l{i' gelra&ﬁgrfl% erfe e%p%#‘b ent the

FurthernDre I's a |so ven aC| i en |oh of the

SOIVentuihaiﬂw&tM&eﬂc&dﬁ@ms&@ﬂMﬁomM@mﬁﬂhﬂbk@wmﬂjMG@hqmﬁoﬂW@ﬂiandhat are
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preferably, the<Amkm®ngUnmpaﬂswsﬂppmﬁﬂhﬁMmMXﬂhnanmfﬂmqﬂemofmetﬂmnhé and
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di sper Sf?id F &InGR88nildsId9AREd herein before in an amount of 1-100%, preferably 3-100% by

weight of the hydrophobic polymer.

The dispersed active component may be liquid, semi-solid or solid. Preferably,
the dispersed active component is solid at ambient temperature (20 °C).

The antisolvent employed in the present process may consist of a single

20  substance or alternatively it may consist of a mixture of substances. Thus, the
antisolvent may comprise a mixture of pressurised gases, optionally in combination
with one or more liquid components. The antisolvent may suitably contain co-solvents
up to a level of 10 wt.%, preferably up to a level of not more than 5 wt.%. Examples of
suitable co-solvents include ethanol, methanol, acetone, iso-pronanol and combinations

25  thereof.

According to a particularly preferred embodiment, the antisolvent is a
supercritical or nearcritical fluid having a pressure of at least 0.3xP. and a temperature
of at least T.-60 °C, P, representing the critical pressure of the main gaseous component
in the antisolvent and T, representing the critical temperature of that main gaseous

30  component.
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advantage that the fluid composition is not broken upon introduction into the mixing
chamber.

In the present process the fluid composition and the antisolvent are typically
admixed in a weight ratio within the range of 1:1000 to 1:10, preferably in a weight

20  ratio within the range of 1:200 to 1:50.

In the present process contact time between antisolvent and the microcapsules is
preferably kept as short as possible in order to prevent that components (e.g. the active
component) are extracted from these microcapsulates. Typically, average contact time
between microcapsules and antisolvent does not exceed 3 hours. More preferably, said

25  contact time does not exceed 60 minutes. Even more preferably the contact time does
not exceed 30 minutes, most preferably it does not exceed 10 minutes.

According to a particularly preferred embodiment, the microcapsules are
separated from the antisolvent whilst formation of new microcapsules continues. This
may be achieved, for instance, with the help of a cyclone or by collecting the particles

30  in a medium that is immiscible with antisolvent.
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The invention is further illustrated by means of the following, non-limiting

20  examples.

EXAMPLES

25  Example 1
Ethylcellulose (2.7g, Ethocel® 100, The Dow Chemical Company) was

dissolved into ethanol (87.3 g) by dispersing it in the solvent and applying stirring
using an IKA® Ultra-Turrax for 1 min followed by sonication for 20 min.
Subsequently powdered iron pyrophosphate (1.22 g) having a mean particle size
30 smaller than 5 um, was dispersed into the solution after which the dispersion was
stirred using the above mentioned high shear mixing device for 5 min.
The dispersion was rapidly transferred into a syringe pump, Isco® 260D, from

which the dispersion was pumped into a high pressure vessel via the inside tube of a
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fromthe filter. glae?gq égoél MO YIH MR 9'?'?@“15 W S Eda eden iy
i nvesti gat eg 4 011 NRI@soRfEn by dlspersmg 50 mg of the powder in 20 g water or acid

solution, respectively. Samples from the acid solution were taken after 1 hand 4 h. A

sample from water was taken after 8 days. Results are shown in Table 1.

Table 1
Medium Fe released (ppm) Fe released (%)
0.IN HCI - 1 hour 13.01 5.2%
0.1N HCI - 4 hours 29.8 11.9%
Water (neutral) — 8 days 0.38 0.2%

20
Example 2

The iron containing microencapsulate described in Example 1 was applied in
margarine. The microencapsulate powder was dispersed in the aqueous phase of the
margarine to provide 3 mg of iron per 20 g of margarine. In the same fashion a

25  margarine containing the same amount of supplemented iron was prepared using the
non-encapsulated iron pyrophosphate powder described in Example 1.

The microencapsulate powder could easily be dispersed and was not visible in

the mixture. The margarine containing the microencapsulate remained stable for at least

8 weeks upon storage at 4°C, as determined through the smell and colour of the



ina 0.INHC solution by dispersing 50 ng of the powder in 20 g water or
acid solution, respectively. Sanples fromthe acid solution were taken
after 1 hweandiooimi1A sanple fromwater was taken after @CEay009Re6UIbts are
shown in Table 1. Table 1 Medium Fe rel eased (ppm Fe released (% 0.1N HC
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m cr oencapsfdligivg containing solid iron(ll1)pyrophosphate was nade as
follows: Ethyl cellulose (Ethocel (r) 100 prem um) was dissolved into

et hanol by di speEthylngeihtmen (Erhecel8l V&8t pramtuappy§s A setvadringg ctisingg by
| KA Ut
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di spersed into this acidic aqueous sol ution. The dispersion was stirred
usi ng the Wlsi%rﬂ .10%%@ cmt@%n@ﬁ@érﬁrﬁ 245Hig aa@vﬁe@eﬂ%@nﬂatﬁqedw es%dnbrqmt es.

Sﬁ?fgg;ﬁné: peési bn ?ﬁg%%ﬁe1§§§$gq#§ﬁkggn ﬁﬁgﬁﬁgﬁﬂwggﬁﬁg eV|ce for
5 m nut es. Wpstirred using the above mentioned high shear mlxmg device for at least 5 minutes.
Subsequently, the ethyl cellulose solution was mixed with the aqueous chitosan
15  dispersion using the above mentioned high shear mixing device for 5 minutes. Upon
mixing, an emulsion was formed in which the iron pyrophosphate remained dispersed
as a solid phase. The formed emulsion contained: 1.31% Fe, 0.49% chitosan and 1.1%
ethyl cellulose.

The emulsion was rapidly transferred into a syringe pump, Isco® 260D, from

20 which the dispersion was pumped into a high pressure vessel via the inside tube of a
coaxial nozzle (Spraying systems®, 1650/64), that was mounted at the top of the
vessel. The high pressure vessel was 4 litres in volume. Before pumping in the solution,
the vessel was pressurized with CO; to 125 bar using a membrane pump (Orlita). The
CO; entering the high pressure vessel was heated to 48°C. The vessel was heated to

25  48°C as well, through an oil-heated jacket. The vessel was equipped with a stainless
steel sintered filter, which was mounted at the bottom of the vessel.

In total 59.66 ml of emulsion was added to the vessel at a rate of 1 ml/min. CO;
was simultaneously added to the top of the vessel through the outer passage of the
coaxial nozzle at a rate of 500 g/min. The CO; was removed via a tube the bottom of

30  the vessel. The pressure in the vessel was controlled via a valve connected to that tube
After spraying the dispersion, the vessel was flushed with CO, for another 15 min

before pressure was released. A powder was collected from the filter.
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another 15 mn before pressure was rel eased. A powder was collected from
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Chitosall - | ow mol ecul ar wei ght (1.85% was dissol ved into an aqueous
Example 5

Chitosan - low molecular weight (1.85%) was dissolved into an aqueous
solution of acetic acid (4.8%) by dispersing and further stirring it using an IKA® Ultra-
Turrax for 10 min followed by sonication for 30 min.

15 Subsequently fine powdered iron lactate was dispersed into the above
mentioned readymade solution after which the dispersion was stirred using the same
high shear mixing device for at least10 min.

The dispersion was rapidly transferred into a syringe pump, Isco® 260D, from
which the dispersion was pumped into a high pressure vessel via the inside tube of a

20  coaxial nozzle, that was mounted at the top of the vessel. The high pressure vessel was
4 litres in volume. Before pumping in the solution the vessel was pressurized with
carbon dioxide to 150 bar using a membrane pump (Orlita®). The carbon dioxide
entering the high pressure vessel was heated to 50°C. The vessel was heated to 50°C,
through an oil-heated jacket. The vessel was equipped with a stainless steel sintered

25  filter, which was mounted at the bottom of the vessel.

In total 86.70 ml of dispersion was added to the vessel at a rate of Iml/min.
Carbon dioxide was simultaneously added to the top of the vessel through the outer
passage of the coaxial nozzle at a rate of 722 g/min. The carbon dioxide was removed
via a tube the bottom of the vessel. The pressure in the vessel was controlled via a

30 valve connected to that tube After spraying the dispersion, the vessel was flushed with
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steel sintered filter, which was mounted at the bottom of the vessel.

In total 37.44 ml of dispersion was added to the vessel at a rate of 6ml/min.
Carbon dioxide was simultancously added via the T mixer with a similar Isco® 260D
20 pump (with a flow rate of 6mL/min).but also from the top of the big vessel through the

outer passage with a flow rate of 416 g/min. The carbon dioxide was removed via a

tube the bottom of the vessel. The pressure in the vessel was controlled via a valve

connected to that tube After spraying the dispersion, the vessel was flushed with carbon

dioxide for another 20 min before pressure was released. An iron lactate-chitosan-

25  cthylcellulose powder was collected from the filter.

Example 6

The release of iron from the microencapsulate obtained by the procedure
described in Example 5 was investigated in distilled water and in a 0.1M HCI solution
30 by dispersing 0.02 g in 20 g of distilled water or acid solution, respectively. Samples
from the distilled water and the acid solution were taken after 1 h and 4 h. Results are

shown in the table below.
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(Olita(rwp.2oba4@ar bon di oxi de entering the high pressBCce/Nes®o504r8s
heated to 400C. The vessel was heated to 400C, through an oil-heated
jacket. The vessel was equipped with a spainless steel sintered filter,

whi ch was nmounted at the bottom of the vessel. In total 37.44 m of

di spersi on s.added to the vessel f /m.n. .Carbon di oxi de was
si mul t aneous 3?11% ded via the T m xléér’j‘}e\%ﬁ%%f@%gﬁmﬁarﬁrﬂwﬁgsoe r) 260D punmp (with

a f1ow rate9dMaHehn Wurbut al so from ¥ top of tH¥®icg vessel through the
out er passafea MH(i -4 Houosw rate of 416 @3 n. The cHIWO¥G di oxi de was renoved

via a tube Dhgilkatisedp-ahotihe vessel . Theypressure igpg4ehe vessel was

control |l ed widilRd\@ksde ARppected to thatsg ube After (gpsaying the
di sper si on,—thevesSet—wWas f tusthiedw tir car porm aroxr de for anot her 20 mn

before pressure was rel eased. An iron | actate-chitosanethyl cellul ose powder
was collected fromthe filter. Exanple 6 The release of iron fromthe
m cr oencapskrampde @bt ai ned by the procedure described in Exanple 5 was

investigated in distilled ter d i 0, 1M HC. sol uti on by di spersing
0/02 g ' 20 g drndeeliFeks were P tgreRantet birunt o pEBery e P Sanpl os
from the di gtdolve@dnidiiioPRddik siﬂ%it%ﬂ&ls‘élx!eﬁf‘aﬂ@ﬁe[p%lﬁ@é(ﬁmiﬁ% Lehgd h and 4
h. Results are shown in the table bel ow. Medi um Fe rel eased %pw% % Fe

rel eased 0.IKA®MGra-Tutrakolgr 1 ningiz faldpvablbyosoniviatig for 24 mhiputes. Bibs@mendn. 9%
Distilled ter - lhour O ...02 0.24% Di sti.lled t - 4hours 0,..59 7.06%
Bcanpl o 7 BNty er Beerpoaniphys B BRE dime et dhe i ik Toierls "oow
was di ssol véishardibowat harsd uship e Sh®reshéi@iontd hightshéar swikingrteviaBdorappl yi ng
stirring using a IKA(r) Utra-Turrax for 1 mnute foll owed by sonication
for 20 mi nubB¥tesSubsequently, fine powdered iron pyrophosphate (3% was

SLSPSLSBE 1oL, LB AEHEREH B LSO LN SPAGE R R EEkOb 1 o

which the dispersion was pumped into a high pressure vessel via a long pipe provided
on top with a two nozzle (each of 0.1mm) T mixer as described in EP-A 1 494 796.
From one nozzle of the T mixer the Fe-pyrophosphate suspension in Ethocel solution
was pumped and from the opposite nozzle CO, was pumped into the long pipe. The

15 high pressure vessel was 4 litres in volume. Before pumping in the solution the vessel
was pressurized with CO; to 120 bar using a membrane pump (Orlita®). The CO,
entering the high pressure vessel was heated to 40°C. The vessel was heated to 40°C,
through an oil-heated jacket. The vessel was equipped with a stainless steel sintered
filter, which was mounted at the bottom of the vessel.

20 In total 120 ml of dispersion was added to the vessel at a rate of 6 ml/min. CO,
was simultaneously added to the top of the pipe (with a rate of 15mL/min) and through
the outer passage of the 4Lvessel with a rate of 25 kg/h. The CO; was removed via a
tube the bottom of the vessel. The pressure in the vessel was controlled via a valve
connected to that tube. After spraying the dispersion, the vessel was flushed with CO,

25  for another 10 min before pressure was released. A powder was collected from the
filter.

SEM micrographs of this powder are depicted in Figures 1 and 2. These

micrographs show that the microencapsulate comprised agglomerates of spherical
micronic-nano particles.

30



m nutes. The dispersion was rapidly transferred into a syringe punp,

I sco(r) 260D, from which the dispersion was punped into a high pressure
vessel viwoaoioangoipi pe provi ded on top with a two nozzl ecrteacmwsoOsl my) T
m xer as described in EP-A 1 494 796. From one nozzle of the T m xer the
Fe- pyrophosphat e suspensi on i n Ethocel | ution was punped and fromthe
opposite nozzle CO was punped into the I'ong pi pe. The high pressure vessel

was 4 litr j | ume. Before punping in the solution the vessel was
. 1 . .
pressurlzesé_)%%to 120 bar using a nenbrane punmp (Orlita(r)). The CO2

entering the hi ghwatesswoiublyessedncags|deaintdning a@@@ho]ibéi wahss efromas heat ed
to 400C, through an oi I - eat ed acket. The vessg was equi pped with a
stainl ess STRIME SOHIET & FF‘WV& dompepesis WSS ITUPNS t he bottom of ¢ he

vessel . In totalcgigfatt1o0f wil @&%[%Qﬁo%%qﬁ&%@olhﬁoﬁ B?aéé%%@ih (@kog vyate of
6 M/mn. CO2 was sinultaneously added to the top of the pipe (wth a rate

of 15nL/5m ndispemsng mrdlmgthet dteriog it esingadKage Udfra-{Theax forddgein. W splationat e of

25 kg/h. Th t t he .b h Th
oressure i venoy SEau Y & ek BT Pl W R RS L TR i b,
Af ter spraymMmot(he) daS REFss iy tab@edvasiSRisoNRE bl IsHETRdyith & Btik&of 0§ manot her
10 mn before ﬁp;ressure was rel eased. A powder was collected fromthe

filter. SEMNdifortbeystping wing the sapogshearimgdispice ferdd min. Hihgupasigic pil{RAt) 2.
These m crographs . sNaw, ‘iﬁ%ad u&ﬂﬁ smuéxﬂﬁﬂﬁ?ﬁ{% Hk%toﬁ v&a?%xééﬁﬂgﬁge%aﬁ{ﬁ{@{ es of

spherical mcroni c- nano i NSo

ni cr oenmapsdhkarig @@ﬁﬂe&bﬂﬁ ﬁgneo ﬂimsmhﬁll inpwgter ¢ratilsioh) from a maritinme source
as the active conponent was made as fol ]l ows: Chitosan was di ssol ved

into an aqueous l8neshately aber midpg.chaemnulsion, V@%traﬁyfeapéw é?l‘%ﬁjl RERUICUr t her
stirring itgth %%@?umg'ﬂ?&ﬁml Eh%%’n oi&wefsq{wn&;%%*ﬁtgghg%?%é%u&ﬁ Be(W@s then

war ned vmth ter t o approxi mate extrln
MD20 (799 was 1r$td¢stem|eﬁu ¢opxmti dextl@ titht dias swlunted abthesop ofnhagewet thahghj rrer

for 10 mn and further stlrrl sin e sane hig ari ce for 5
min. The nePRERGIS 25 AUMES EhH EEROR U HAT A 86 S8 UGBt T 'GRELRES t he
sol uti ofy WascfuXEd With BarbbE dRRIMR t81190 bar using a membrane pump. The carbon
dioxide entering the high pressure vessel was heated to 40°C. The vessel was heated to
40°C, through an oil-heated jacket. The vessel was equipped with a stainless steel
sintered filter, which was mounted at the bottom of the vessel.
In total 38.65 ml of dispersion was added to the vessel at a rate of 0.75 ml/min.
20  Carbon dioxide was simultaneously added to the top of the vessel through the outer
passage of the coaxial nozzle at a rate of 500 g/min. The carbon dioxide was removed
via a tube the bottom of the vessel. The pressure in the vessel was controlled via a
valve connected to that tube. After spraying the dispersion, the vessel was flushed with
CO; for another 20 min before pressure was released. An oil/chitosan/MD20 powder
25  was collected from the filter. This powder contained virtually no free fat, i.c. most of
the fat was effectively encapsulated in the chitosan/MD20 matrix.
Subsequently, the oil/chitosan/MD20 powder was dispersed in an ethanolic
solution of ethylcellulose (Ethocel®, Dow-Standard 100 premium) using a IKA®
Ultra-Turrax for 1 min, followed by sonication for 20 min. The dispersion so obtained
30 contained 2.5 wt.% of the oil/chitosan/MD20 powder and 1.5 wt.% of ethylcellulose.
The latter dispersion was rapidly transferred into a syringe pump from which
the dispersion was pumped simultancously with carbon dioxide into a high pressure

vessel via a heated pipe mounted at the top of a 4L (in volume) pressurised vessel. The



shearing device for 5 mn to forman oil-in-water enulsion. |Imediately
after m xing, the enmulsion was transferred into a high pressure syringe
punp, frowowhicah4dihe di spersion was punped into a hi gh pcesguo®/osessel via
the inside tube of a coaxial nozzle, that was nounted at the top of the
vessel . The high pressure vessel was 4 lL,itres in volunme. Before punping in
the solution the vessel was pressurized with carbon di oxide to 150 bar

using a ne r ' Qi r uy e vessel
wes et g RS H RV ed Wifh £8 08 0K b GE A e IobY R 0 VES

] acket . Thestwiaksﬁteemmw(fopmed:@m) hdndescsbezd mIEsPsA ]s4%79$iBﬁfmeqninfpuﬂg ar

whi ch was unt.ed at.the bott. the ve ‘ntotal 38,65 ni

di sper si on W& SEHERRf FEPOHEoNdS M disgersion eveéﬁre tyasigreﬁ%ufw%wé&ﬁr@aﬂ di oxi de

was si mul t apgesty lﬁﬂﬁiﬁ%sﬁlg trﬂé’m&ﬁﬁe rnf) hﬁlevc%?&ﬂ didhaoualitd@e mgher passage
of the coaxial nozzle at a rate of /mn. The carbon dioxide was

renoved i aprassurﬁb@sasdhezvabbeattcjdﬁoo%"ChEhwws@IwaS'ﬁaete@raeé(é"@r ¢hrowght dreoilressel was
controlled via . a ya connected to tha Af t ar.. spr i.n h

G aper st on. M fi Tl dReSSRRF i ulha tRtct P Bles et hish 58 Hre ipdores
pressure vvalﬁoﬁrgg@@t&ﬁgbotﬁﬂn@fﬂ{eevlaggepsan/ MD20 powder was collected fromthe
filter. This powder contained virtually no free fat, i.e. nost of the fat

was effectively I@ﬁ@tab%@(hﬂ%dfﬂhﬁquﬁéné‘f@ﬁﬁ@@@ﬁpmsﬁ@@?41r@te subseguent |y, the
| /ch
o1 e e AR U 9900 T 08 AP S SPTo

Ul tra- Tur r asyringé pdmpi(at,a fleat aneto bﬂ/na@)w bedtls® ﬂofrﬂﬁhe 26p (Bﬂthe biEhesgti sper si on

so obtained contained 2.5 w. % of the oil/chitagsan/ MD20 powder and 1.5 wt.%
of et hyl cel thiugléhe ouier nassage widh asfipsy s3te AL ke na%.mefafhoalrdé%ﬁiwam nto a

Syringe punp o%Qd“vM’%'tﬁEb ﬁlh%oﬂbﬁ%?rﬂ% s%@se‘ﬁ’aﬁeajw&%ﬁ% 1ﬁ'tﬁEJvcfts§é"%H%B%(trcYﬂe h

carbon dioxide 1nto a high pressure vesse la a heated pl pe nounted at the
top of a 4Lvi§aivalwolcomeytqurte st rutsed froegsaling fhbeipnppmomﬁlepvremcil desflusted a T

m xer with a. 0.3. Mm noz or edls ersi on and nl ess steel
Tubing (1 orvichitbd SRS Et daudotssdOmnERRR: prenghe F85rsnrbrbiRt AaTHG -t he
m xt ur e;0f &%Iﬁ%a@hﬂﬁ(ﬁ&hﬁe&lﬂés‘é%%@bp&ﬁ &ﬁle‘éﬁ%ﬁ%%'m Wit %51‘65&0%)%1 wi th
carbon di oxide to 120 bar using a nenbrane punp. The carbon di oxi de

entering t hamahisgheyrbsishateoveedbedl foas thmﬁadle&\@asmwer fhae 19egsel was heat ed
to 400C, through,an 0| heat ed cke i d wth a
st ai nl ess st eel l} FR é)\f' Hn?lhef g%(? Wﬁ}&ﬁn gl a 4 Sl[ate nor (F&]L][ 1}128(? ce such a

smell or taste after being dispersed in water. Microscopy and Raman analysis revealed

that oil was released when the powder is dispered in an acid aqueous solution having a

20 pHof 1.5

Example 9

Example 5 was repeated, except that this time, instead of a dispersion of iron

lactate, an aqueous dispersion of 0.1% tricalcium phosphate (release trigger
25  component) and 1% of a bitter peptide from a dairy source was prepared. In addition,
no chitosan was added and the concentration of acetic acid was changed to 3 %.

The powder obtained by spraying the aforementioned dispersion into the vessel
containing highly pressurized carbon dioxide, was subsequently coated by dispersing
the powder into an ethanolic solution of ethylcellulose, thereby producing a dispersion

30  containing both components in a concentration of 1.5 wt.%, and by further processing
this dispersion as described in Example 5.
A fine free-flowing off-white powder was produced that did not taste bitter,

acidic or salty. Also a dispersion of the powder in water of neutral pH was found to be



mounted at the bottomof the vessel. In total 43.60 m of dispersion was
added to the vessel at a rate of 6 m/mn. Carbon dioxi de was

si mul t anewo2bw/added via the T mixer with a simlar hi gRCpPNE2609M08045FT i nge
punmp (at a flowrate of 6 mM/mn), and also fromthe top of the big vessel
t hrough the outer passage with a flowrate of 416 g/ mn. The carbon dioxide
was renoved via a tube the bottom of thé vessel. The pressure in the vessel
was contr ol t : S e

i sper si on, "THeY LB AR KESPRRE R Rk B PRI TG 0 1
before pr esalaalﬁu\]mai peplidasddn bdughtaetof d loghlygicidic aqueous medium.

oi | / chi t osan/ MD20/ et hyl cel | ul ose powder was collected fromthe
filter.Mcroscopic analysis reveal ed that over 90 vol.%of the particles
was smaller than 15 mm The powder neither had an oily snmell in a dry state
nor did it produce such a snell or taste after being dispersed in water.

M croscopy and Raman anal ysis reveal ed that oil was rel eased when the
powder is dispered in an acid aqueous solution having a pH of |.5. Exanple
9 Exanple 5 was repeated, except that this tine, instead of a dispersion of
iron | actate, an aqueous dispersion of 0.1%trical ci um phosphate (rel ease
trigger conponent) and 1% of a bitter peptide froma dairy source was
prepared. In addition, no chitosan was added and the concentration of
acetic acid was changed to 3 % The powder obtai ned by spraying the

af orenenti oned dispersion into the vessel containing highly pressurized
carbon di oxi de, was subsequently coated by di spersing the powder into an

et hanolic solution of ethylcellul ose, thereby producing a dispersion
cont ai ni ng both conponents in a concentration of 1.5 wt.% and by further
processing this dispersion as described in Exanple 5. A fine free-flow ng
of f-white powder was produced that did not taste bitter, acidic or salty.
Al so a dispersion of the powder in water of neutral pH was found to

bet astel ess. This powder is stable in agqueous environnent of neutral pH,
but rel eases the encapsul ated pepti de when brought into a highly acidic
aqueous nedi um CLAIMS 1. A mcroencapsul ate conprising at |east 40 wt. % of
m crocapsul es having a dianeter of 0.1 mmto 25 mm and containing at least 1
wt . % of an active conponent,



said m crocapsul es conprising: - a core particle having a dianeter of 90 nm
to 23 mm representing 1-75 w. % of the m crocapsul e and contai ni ng at

| east 3%wb 20tv1a@ii ve conponent by wei ght of said corePpamizeddsoand - a
coating that fully envel ops the core particle, representing 25-99 w. % of
the m crocapsul e and containing at |east ,20 w.% of a hydrophobi ¢ pol yner
selected fromcellulosic ethers, cellulosic esters, zein, shellac, gluten,
pol yl act i deGLJgﬁqFophobi c starch derivatives, polyvinyl acetate pol ymers,

pol ymers or copolyners derived froman acrylic acid ester and/or a

met hacrylic acid ester and conbi nations thereof; wherein the core particle

contains 5-90% by weight of the.core particle of a release trigger
conponent a df%@lqr%eélcg%%ﬁt%@mﬁmﬁﬂ%ﬁ ﬁég@t %m/?/wg TRSFAIPS IS RWER, dr ophobi ¢

pol ymer of a peheaseror 9985 29%@8@%&&&&%% &k @%&?%to%ﬂg@c{ve%ﬁﬁ‘aﬁéﬂ}
being selected from - a water-swell able polyner having a water-uptake

capaci ty at 33ai0@uaredapkic? compfisihgss t han 20 wt. % and a wat er - upt ake
capacity at 37 0C and pH 2.0.of at |eas O w. % and - an edibl al.t
having & vator SRy g GemsRESocind 25he Bl RaR R m anc
a water sol ubil ity nftrodapsQe aal @otaidih Ot 1¢hsO3Rfof e dcBRS bompHhiby wlight

M croencapsul ate according to claim1l, wherein at a tenperature of 37 0C

(i) less than 0.9f sgidgfore pastielerdnde conponent is released within 1 hour when
20 g of the mc g@ﬁﬁgﬂ?a?h?fyeedvglo L AREG ee]?asrfiae %g%ﬂge&%&ﬁ?hﬁ?'v%tl%%f%t er and

(i1) at least 5% e actr've cohporien r el ease hour when 20
mg of the m croenta@aphaé end Sonthisipg s Rdsti0 v i a by didipBodbit belgmaat er of

whi ch the pH was previously adjusted to 1.0 with HO. 3. M croencapsualte
accordi ng to cl ackcteddrom celiesiesthesneliosicssivenpeitl delae ehiteht s an

The.pr ocedi ng ol A1 e R e R S A o R caso”
tri gger conponentolyrogsioheopalypemsentedfirotaasitrydiodeidpset endibt ymathatwlist 95%
by wei ght of t heac(i:(P gstteirna%d combinations thereof;
15 wherein the core particle contains 5-90% by weight of the core particle of a release
trigger component and/or the coating contains 3-100% by weight of the
hydrophobic polymer of a release trigger component, said release trigger
component being selected from:
- awater-swellable polymer having a water-uptake capacity at 37 °C and pH 7.0
20 of less than 20 wt.% and a water-uptake capacity at 37 °C and pH 2.0 of at least
50 wt.%; and
- an edible salt having a water solubility at 37 °C and a pH of 7.0 of less than 1

mg/ml and a water solubility at 37 °C and a pH of 2.0 of at least 5 mg/ml.

25 2. Microencapsulate according to claim 1, wherein at a temperature of 37 °C (i) less
than 0.2 % of the active component is released within 1 hour when 20 mg of the
microencapsulate is dispersed in 20 ml of distilled water and (ii) at least 5% of the
active component is released within 1 hour when 20 mg of the microencapsulate is
dispersed in 20 ml of distilled water of which the pH was previously adjusted to 1.0

30 with HCL

3. Microencapsualte according to claim 1 or 2, wherein the microencapsulate exhibits

an encapsulation efficiency of more than 95%



5. Mcroencapsul ate according to any one of the preceding clains, wherein
the rel ease trigger conponent contained in the coating is the

wat er - swewbDablogipahymer. 6. M croencapsul ate accordi ng POTAIRIENS0405 t he
precedi ng clains, wherein the waterswel |l able polyner is selected an

ani no- group containing polyner, preferaly an am no-group contai ni ng

pol ynmer sel ected from chitosan, am noal Kyl nethacryl ate copol yners,

pol yvi nyl am noacetate and conbi nati ons thereof. 7. M croencapsul ate
according to any one of the preceding clains, wherein the edible salt is
sel ect ed fréamMiardeocepbeste qpobmdpigad d=, preccdingt @smspwhéraingbe hgdroghabat e,
fumarate and copbi natigns thereof. 8. M croencapsul ate aTcorﬁﬁng to any one
of the precedPRg™Y &'%E'° r@\lﬁ%?éﬁ%?ﬁ@“@@?%é"&?ﬁﬁﬁ&ﬁ’éﬁ?n‘i o IRt L

250l ubl e

and/ or wat er - di spapiRl@st B M VepaRePRSYbAlR according to any one of the
precedi ng cl ai ns, erein the active conponent is selected frommnerals,

vitam ns, pharnaceutically active substances, m cro-organi sns, sterols,
car bohydratgs, ,.protein pepti.de am no i ds, carotenoids, .antioxi dants,
extracts, blt MPELGTTCAuIRRIaa™ 55 o Hr BreehiB RaiTondStatisgrcato, A
process of en¢apsytahpoiEnbbordsbhéd@ tﬁ@mﬂgmthbwva@qrrmtellam@@mﬁ{e!r.s' ng a
hydr ophobi ¢ pol ynmer by enploying: a fluid conposition conprising at | east
80 wt.% of solvent, 0.1-20 wt.% of dissolved hydrophobi c pol ynmer and

0. 002-20 wto Y00 R Al SRSLSLL ARLIY & f SIPANGELec RS, AN AR YN, DAt 118
gaseous at atnospherirc pressure;” sald antisolfvent having a pressure of at

| east 70 bar, satihSopolemtr Batidctcs ah ullim-gidup comthiddigyotymtrt prefdiebly an
anti sol vent, sai d hydrophobi c pol yner and said active conponent bei ng

i nsol ubl e i n EREOIHOUR SPVARINE ReAMEaselectod diup Ratnsan.paniyerky! masthargylatewat er
solubility at f St miRTOE! process conprises
t he successiv58@¥ pg&bgﬁﬁéﬁyhggﬁ%gﬁ%%g fﬂ%m%IU|%E%gﬁ%%§ition and the
antisolvent so as to achieve a condition of super saturation;

b.

recipitati he hydr ophobi ¢ .pol ymer onto the dj.spersed active c onent

P 0 P ’Pg l\Jhcroengapsﬁ)lgte accordﬁlg tg any one ofothe prece& né) clalsrns, wherein ﬁle ea{me
15 salt is selected from carbonates, phosphates, citrates, oxalates, succinate, fumarate

and combinations thereof,

8. Microencapsulate according to any one of the preceding claims, wherein the active
component is water-soluble and/or water-dispersible.
20
9. Microencapsulate according to any one of the preceding claims, wherein the active
component is selected from minerals, vitamins, pharmaceutically active substances,
micro-organisms, sterols, carbohydrates, proteins, peptides, amino acids,
carotenoids, anti--oxidants, extracts, bitter tasting substances, oils and combinations

25 thereof.

10. A process of encapsulating an active component in a matrix comprising a
hydrophobic polymer by employing:
¢ a fluid composition comprising at least 80 wt.% of solvent, 0.1-20 wt.% of
30 dissolved hydrophobic polymer and 0.002-20 wt.% of a dispersed active
component; and
e an antisolvent that is gaseous at atmospheric pressure, said antisolvent having a

pressure of at least 70 bar,



produce m crocapsules in which the active conponent is fully envel oped by a
coating, said mcrocapsul es having a vol une wei ghted average di aneter of
bet ween MOrmoand125 mm c¢ . collecting the m crocapsul eSTANIAI®®E@I7AL | Ng
them fromthe antisolvent. 11. Process according to claim 10, wherein the
solvent is selected fromCl-C4 al kanols,,,C1-C4 diols, G-C Mls, water and
conbi nations thereof. 12. Process accorél ng to claim1l, wherein the

sol vent s selaatedelramIeiionlor S8Rk A BHORNIAL saldIRuRiABERO! . wat er

and conbi nati ons thereo rocess according to any one-o arnms 10-12,
wher ei n t he apblyserwedbaid sctevesoppoacrtbemalin@lutiearthe antisobaht, ahdisdd 14.

Process accordin .any one of clainms 10-13, grein the fluid conposition
addi tional l'y g&#%afﬁﬂgc aglawgeﬁl%%aWteaiSéﬁB&%er%eFe%iﬂ%SSt%%gfngé@ﬁponent in
an amount of 1;LRO%HRYLNRLIEImMscl R ShYdsaphabpcorpol ymer, said rel ease
trigger conponent being selected from - a water-swellable polyner having a
wat er - upt ake eapaesitiyingthe3fuid Compdsippdh Fndtho finfisebent $rags t2Ackicyds eomdlitzon
wat er - upt ake cap%cité/ a{ 1%7 OC and pH 2.0 of at least 50 wt.% and - an

edi bl e salt havi Hg "B WAt"ET"°Sol ubility at 37 0C and a pH of 7.0 of less than

1 mg/m and apwelBtipatinghhé hjdtophobd pdl{menshtd tHdiffersed Ac@fe @mpddasttod

mg/ m . 15. Process according to any one of clains 10-14, wherein the
process yi el ds aprafiegeqeigeasppivlcatie wasdhdhel pefty crcompayers pefudly cavelppast biv .

coating, said microcapsules having a volume weighted average diameter of
10 between 10 nm and 25 pum,

c. collecting the microcapsules and separating them from the antisolvent.

11. Process according to claim 10, wherein the solvent is selected from C;-C4 alkanols,
C-C4 diols, C;-C4triols, water and combinations thereof.
15
12. Process according to claim 11, wherein the solvent is selected from methanol,

ethanol, n-propanol, iso-propanol, water and combinations thereof.

13. Process according to any one of claims 10-12, wherein the antisolvent is a

20 supercritical or near critical fluid.

14. Process according to any one of claims 10-13, wherein the fluid composition
additionally contains a dissolved or dispersed release trigger component in an
amount of 1-100% by weight of the hydrophobic polymer, said release trigger

25 component being selected from:
- awater-swellable polymer having a water-uptake capacity at 37 °C and pH 7.0
of less than 20 wt.% and a water-uptake capacity at 37 °C and pH 2.0 of at least
50 wt.%; and
- an edible salt having a water solubility at 37 °C and a pH of 7.0 of less than 1
30 mg/ml and a water solubility at 37 °C and a pH of 2.0 of at least 5 mg/ml.

15. Process according to any one of claims 10-14, wherein the process yields a

microencapsulate according to any one of claims 1-9.



