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DESCRIPTION

TECHNICAL FIELD

[0001] The invention relates to a process for encapsulating water-insoluble solids that includes
the addition of a negatively charged macromolecule to an aqueous suspension of the insoluble
solid, followed by a thermal treatment and the addition of divalent ions to form a shell that
covers the solid. The thermal treatment of the macromolecule and the addition of calcium salts,
at the appropriate times and concentrations, induce the high adsorption (>80%) of these
compounds to the surface of the Insoluble solid particles, without causing colloidal
destabilization (aggregate or lump formation), thereby producing a stable suspension of
microcapsules.

[0002] By varying the drying conditions and the surface chemistry of the suspended
microcapsules, it I1s possible to change the degree of aggregate formation of the dry
microcapsules. This makes it possible to generate microcapsules of individual molecules or
particle agglomerates.

BACKGROUND

[0003] The encapsulation of water-insoluble solids can be achieved by physical, physico-
chemical, or chemical processes. Physical processes, such as spray-drying, fluidized bed
coating or supercritical fluid spray coating all subject the material to be dried at above room
temperature conditions, which can degrade thermolabile compounds (1). Therefore, physico-
chemical processes, such as coacervation, or chemical processes, such as interfacial
polymerization or enzymatic cross-linking, are microencapsulation alternatives that maintain
the chemical integrity of the compounds to be encapsulated (2). The physico-chemical
microencapsulation processes used to encapsulate insoluble solids usually employ methods
based on ionic interactions, such as ionic gelation, acid precipitation, coacervation and layer-
by-layer processes (2). These processes employ charged macromolecules, such as proteins,
polysaccharides or synthetic polyelectrolites that Interact electrostatically with other
macromolecules or oppositely charged ions in the solution or on the surface of the solid to be
encapsulated. Thus, a polymeric complex matrix gel that coats the solid of Interest Is
generated. Microencapsulation by means of ionic gelation has advantages over the other
methods based In 1onic interactions, because it only uses one charged macromolecule, thereby
simplifying the system and the costs of the process, as well as allowing greater control over the
viscosity of the work system. lonic gelation consists of the extrusion or emulsification of a
charged macromolecule (e.g. sodium alginate) incorporated into drops, In a counter ion (e.g.
calcium chloride) solution, leading to the immediate gelation of the exterior of the drop upon
contact.
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[0004] After that, the counter ions continue their diffusion toward the particle's interior and
cause Its complete gelation. However, the diffusion mechanism of the counter ion usually
causes a heterogeneous gelation of the particle, which i1s not convenient for applications
wherein the release kinetics of an active compound must be controlled (3). lonic gelation
through an internal gelation mechanism solves the drawback of diffusion gelation by employing
an Inactive form of the counter ion that is activated (e.g. by a change in pH) only after it Is
mixed with the macromolecule (3).

[0005] This ionic gelation method has been applied to the encapsulation of polyphenols (2),
osteoporosis medications (4), probiotics (5, 6), antibiotics (7) and for generating biocompatible
capsules of active compounds (8). However, one of the main inconveniences I1s the high
porosity of the matrix-forming gel of the microcapsule, which allows a quick diffusion of the
encapsulated compounds (9-11). This issue can be solved by generating a gel matrix based on
proteins or a mix of proteins and polysaccharides through heating, enzymatic cross-linking, or
acidification (1). Obtaining a gel matrix of the microparticle by heating (12) or acidification may
not be viable for compounds that are sensitive to those environmental conditions, and In the
case of cross-linking, its usage possibilities and cross-linking effectiveness are determined by
the type of protein used, thereby Iimiting its range of applications. SONG HUIY| ET AL:
"Microencapsulated probiotics using emulsification technique coupled with internal or external
gelation process”, 29 March 2013, discloses a process for entrapping yeast cells in alginate
solution by addition of CaCl2. Also the option to add suspended CaCO3 powder to the alginate
solution, emulsification and acidification for release of calcium and Iinternal gelation iIs
disclosed.

[0006] The prior art of the microencapsulation process by ionic gelation shows the need to
generate a low-porosity gel matrix for the microparticle, based on proteins or a mix of proteins
and polysaccharides, under conditions that do not include excessive heating nor acidification of
the medium In its production.

[0007] The present invention, through a microencapsulation process, I1s able to achieve the
formation of a matrix of charged macromolecules on the surface of water-insoluble solids,
generating microspheres by controlled adsorption of the macromolecules to the surface of the
solid In the presence of polyvalent ions at low temperature and its gelation by increasing the
temperature to room temperature or higher, depending on the type of macromolecule being
used.

BRIEF DESCRIPTION OF THE INVENTION

[0008] The present invention develops a process for the microencapsulation of water-insoluble
solids through ionic gelation of macromolecules in the surface of the suspended solid particles
with diameters between 0.1 and 1,000 micrometers as defined by the claims. The suspended
microcapsules can be dried using processes, such as spray-drying, to generate microspherical
dry or agglomerated microcapsules that contain at least 10% by weight of shell-forming
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material relative to the weight of the dry microcapsule.

BRIEF DESCRIPTION OF THE FIGURES

[0009]

FIGURE 1. Scanning electron micrograph of a calcium carbonate microcapsule, using sodium
caseilnate as the shell-forming compound (Example 1).

FIGURE 2. Scanning electron micrograph of a calcium carbonate microcapsule, using sodium
caseinate as the shell-forming compound (Example 1).

FIGURE 3. Scanning electron micrograph of an acid-treated calcium carbonate/calcium
phosphate microcapsule, using sodium caseinate as the shell-forming compound (Example 2).

FIGURE 4. Optic photomicrograph of acid-treated calcium carbonate/calcium phosphate
microcapsules with encapsulated cresyl violet (Example 2).

FIGURE 5. Particle size distribution of calcium carbonate microcapsules, using sodium
caseinate as the shell-forming compound (Example 1).

FIGURE 6. Particle size distribution of acid-treated calcium carbonate/calcium phosphate
microcapsules, using sodium caseinate as the shell-forming compound (Example 2).

DETAILED DESCRIPTION OF THE INVENTION

[0010] The Invention relates to a process for the preparation of microcapsules as defined by
the claims, with water-insoluble solids, using charged macromolecules as shell-forming
compounds. Shell formation is achieved by ionic gelation induced by the addition of polyvalent
cations to the suspension of insoluble solids once the system iIs at sub-room temperature,
which allows a controlled gelation of the charged macromolecules. A subsequent temperature
Increase consolidates the shell-formation on the insoluble solid particles. The process can be
repeated to increase the shell thickness of the microsphere-like microcapsule.

[0011] The microcapsules prepared by this process can be single particles or particle
agglomerates, depending on the concentration of the charged macromolecules and polyvalent
cations. The typical diameter of the capsules prepared by the ionic gelation microencapsulation
process Is between 0.1 and 1,000 micrometers. The wet system typically produces spherical
capsules.

[0012] The microcapsules In agueous suspension can later be dried by spray-drying, where
the morphology of the microcapsules can be modified by varying the drying temperature, the
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pH, the concentration of macromolecules and the concentration of polyvalent cations. For the
dry system, it is possible to prepare individual capsules or capsule aggregates with spherical
and/or toroidal morphologies. The particle diameter of the agglomerates can vary between 0.2
and 2,000 micrometers.

[0013] The shell-forming process using macromolecules and divalent ions allows for the
retention of more than 80% of the shell-forming material on the surface of the capsule, which
makes the process more efficient. Less than 20% of the shell-forming material remains In
solution after the encapsulation process. The water-insoluble solid encapsulation process of
the present invention consists of the following steps:

1. a) Elaborating a solution of macromolecules that possess negative charges in their
molecular structure.

2. b) Adjusting the pH of the macromolecule solution and cooling it.

3. ¢) Elaborating a suspension of water-insoluble solids, adjusting its pH.

4. d) Mixing the macromolecule solution from step a) with the suspension of water-
Insoluble solids, stirring the system and controlling its temperature as defined by the
claims.

5. e) Adding a solution of polyvalent ions to the suspension of water-insoluble solids in the
presence of negatively-charged macromolecules as defined by the claims.

6. f) Repeating the addition of macromolecule and polyvalent ion solutions to the
microencapsulated solid system to iIncrease the thickness of the shell of the
microcapsule.

/. Q) Heating the microcapsule suspension.

8. h) Spray-drying the aqueous microcapsule suspension to obtain dry individual or
agglomerated capsules. In an additional embodiment of the Invention, the dry
microcapsules can again be added to water and acid-treated, in order to use them as a
medium for encapsulating water-soluble compounds, such as vitamins, dyes, flavorings,
molecules with biocidal activity, fertilizers, drugs, proteins, polysaccharides, among
others.

[0014] The features of the process for the encapsulation of water-insoluble solids, as well as
the features of the capsules obtained by this process are described. These features can be
exchanged to describe the process as well as the capsules. Preferably, the water-insoluble
solids should have a charged surface when placed in water or another protic solvent, due to
the dissociation of its functional groups resulting from interaction with the solvent. Metallic and
non-metallic minerals are the preferred insoluble solids for the encapsulation process of the
present invention. However, other insoluble solids, such as phyllosilicates, polymeric particles
and iInsoluble solids obtained by synthesis, extraction or bioprocesses, can also be
encapsulated using the process described herein.

[0015] The formation of charges on the surface of the solid can be monitored by measuring
the zeta potential, with absolute values usually above 5 mV. The pH of the system can be
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adjusted to change the absolute value of the zeta potential, which can promote the adsorption
of the charged shell-forming macromolecules. In principle, we seek to produce a pH that
maximizes electrostatic attraction between the surface of the solid and the macromolecules

without destablilizing the suspension, which can be monitored according to the average particle
size.

[0016] The proper particle diameter of a water-insoluble solid to be encapsulated by the ionic
gelation method of the invention must be greater than 0.1 micrometers and can even reach
several millimeters. The suspension's polydispersity 1s not a hindrance to the
microencapsulation process, because the process Is homogeneous In the whole system.
Neither the morphology, roughness nor porosity of the water-insoluble solid particles are a

hindrance to their microencapsulation, because shell formation is uniform across the surface of
the solid.

[0017] To achieve a homogeneous encapsulation process, the solid concentration In the
system must usually remain below 50%, preferably closer to 30% and, depending on the size
and geometry of the particle, this value can be decreased to as little as 1%. In the interest of
achieving a homogeneous encapsulation process, it Is necessary to constantly stir the solid

suspension. Usually, stir speeds faster than 500 s!' are enough to prevent particle
sedimentation, however, even greater stirring speeds may be needed depending on the size of
the suspended particle to be encapsulated. The shell-forming macromolecules are typically
negatively charged proteins, polysaccharides or synthetic polymers. The proteins include milk
proteins, gelatin, proteins from vegetable sources, albumins and mixtures thereof. Some of
these proteins' salts, such as sodium caseinate and calcium caseinate, can also be used.
Polysaccharides useful in shell-formation include hydrocolloids such as gum arabic, xanthan
gum, alginate salts, cellulose derivatives, pectin salts, carrageenans, guar gum and mixtures
thereof.

[0018] To achieve adequate hydration and interaction between the macromolecules and the
surface of the water-insoluble solids, it is required to decrease the temperature of the system
to less than 10°C and temperatures closer to 5°C are even more preferable.

[0019] In order to Induce ionic gelation of the macromolecules on the surface of the insoluble
solid, a source of polyvalent cations i1s added to the suspension of solids in the presence of the

macromolecules. The source of polyvalent cations should be a water-soluble salt or a slightly
water-insoluble salt.

[0020] In a preferred embodiment, calcium chloride 1s employed as the source of polyvalent
cations, which can be added directly to the system or, preferably, in a solution with a
concentration of up to 2 M. Likewise, the calcium chloride solution can be frozen and added as
pieces of ice to the water-insoluble solid suspension. The addition of macromolecules and
polyvalent cations at low temperature can be repeated several times to vary the thickness of
the shell of the microcapsule, controlling the concentration of each component so as to avoid
agglomeration of the suspended particles. Once the adsorption of the macromolecules to the
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surface of the insoluble solid is carried out, the temperature of the system Is increased to
Induce 1onic gelation, which i1s achieved at temperatures around 25°C. In some cases, the
temperature of the system can be Iincreased to 80°C. By increasing the temperature of the
suspension In the presence of polyvalent cations, the solid-containing microcapsule i1s formed.
The ionic gelation process leads to high adsorption, greater than 80%, of the macromolecules
to the surface of the water-insoluble solid. The microcapsule suspension can then be dried,
preferably spray-dried, to obtain dry microcapsules with water-insoluble solids. Depending on
the drying conditions and the macromolecules used as shell-formers, it 1s possible to produce
Individual microcapsules or microcapsule agglomerates with shapes ranging from spherical to
toroidal agglomerates, which retain their agglomerate identity, despite being re-dispersed In
water.

[0021] Due to the agglomerates’ stability and inter-particle spaces, these can be used to store
compounds Inside these spaces. Thus, in an additional embodiment of the invention, a
suspension In water of agglomerated microcapsules can be mixed with water-soluble
compounds and allow for their diffusion into the inter-particle spaces. These water-soluble
compounds can interact with the macromolecules present on the surface of the solid, inducing
their adsorption, and are later trapped Inside the agglomerated microcapsule due to the
formation of a macromolecule film by ionic gelation on the outermost part of the agglomerate.

[0022] A preferred embodiment of the Iinvention consists of products that contain a water-
soluble compound encapsulated In a microcapsule of water-insoluble solids with a
macromolecule shell or encapsulated in an agglomerate of microcapsules of water-insoluble
solids. The shell-forming material Is preferably at least 10% of the total weight and the
preferred macromolecule 1s sodium caseinate. In an additional embodiment of the invention,
the water-insoluble microcapsules obtained by ionic gelation can be used as active ingredients
and/or as diluents, excipients or carriers in the preparation of pharmaceutical or nutraceutical
compositions.

[0023] The compositions that contain the invention's microcapsules can be solid, semisolid or
liquid, and can be prepared using conventional methods widely known in the field, among them
are: mixing, granulation, compression, and others, depending on the pursued composition. In a
preferred embodiment, the invention's microcapsules are used as an active ingredient and/or
as an excipient for direct compression In processes for producing tablets, and can be
accompanied by one or more excipients, diluents and pharmaceutically, cosmetically or
nutraceutically suitable carriers. The Invention iIs Illustrated by the following examples.
However, these examples do not limit the scope If the invention.

EXAMPLES

EXAMPLE 1 Preparation of Calcium Carbonate Microcapsules.
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[0024] 54.0 g of a sodium caseinate solution (5% w/w) was prepared by hydration for at least 2
hours, and cooled to 5 °C. Ilts pH was adjusted to 6.5. Separately, 41.2 g of a calcium
carbonate suspension (67% w/w) was prepared. Its pH was adjusted to 6.5, it was cooled to 5
°C and it was mixed with the sodium caseinate solution. To achieve a proper mixture of the

system, it was stirred at a stir speed of at least 500 s,

[0025] Once the mixture was completed, it was left to stand for 10 minutes at 5 °C to ensure
the homogeneity of the system. Then, 4.8 g of a calcium chloride dihydrate solution (4.1% w/w)
was slowly added. After this addition, the system was stirred for 5 minutes and its temperature
was increased to 25°C until a suspension of microcapsules was obtained. The suspension was

then spray-dried using a Buchi-290 spray-dryer at an entry temperature of 180°C, 32 m3/h of
suction, inlet pump speed of 5 mL/min and 1052 L/h air intake.

EXAMPLE 2. Preparation of Calcium Carbonate-Calcium Phosphate microcapsules
treated with acid to incorporate a water-soluble compound.

[0026] 54.0 g of a sodium caseinate solution (5 % w/w) was prepared by hydration for at least
2 hours, and cooled to 5 °C. Its pH was adjusted to 6.0. Separately, 41.2 g of a calcium
carbonate-calcium phosphate solution (67% w/w) was prepared. Its pH was adjusted to 6.0, it
was cooled to 5 °C and it was mixed with the sodium caseinate solution. To achieve a proper

mixture of the system, it was stirred at a stir speed of at least 500 s™7.

[0027] Once the mixture was completed, it was left to stand for 10 minutes at 5°C to ensure
the homogeneity of the system. Then, 4.8 g of a calcium chloride dihydrate solution (4.1% w/w)
was added over a period of 2 minutes. After the addition, the system was stirred for 20 minutes
and the temperature was increased to 25°C until a suspension of microcapsules was obtained.
This suspension was then dried in a Buchi-290 spray dryer at an entry temperature of 200°C,

32 m3/h of suction, inlet pump speed of 6mL/min and 1052 L/h air intake.

[0028] Then, 40g of a calcium carbonate-calcium phosphate microcapsule suspension (25%)
was prepared and treated with 100 mL of a 1 M solution of ascorbic acid until the
decomposition of the calcium carbonate in the microcapsule was deemed complete. Then, the
suspension was washed with distilled water to remove the remaining ascorbic acid. The treated
microcapsules were retrieved by sedimentation and the wet solid obtained was used to
prepare a microcapsule suspension (2%) In the presence of cresyl violet (0.5 ppm). This
suspension was cooled to 5 °C for 1.5 hours and then solid sodium caseinate was added to

produce a 1% solution.

[0029] Afterward, a solution of calcium chloride dihydrate (2 M) was slowly added to achieve a
calcium concentration of 20 mM In the final suspension. The system was left to stand for 30
minutes at 5 °C and then at 25 °C to induce the microencapsulation of the cresyl violet. The
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cresyl violet microcapsule suspension was then washed to remove any non-encapsulated
water-soluble dye.

EXAMPLE 3. Production of tablets by direct compression, using calcium carbonate as
an active ingredient.

[0030] Calcium carbonate microcapsules (90% CaCOj3, 10% sodium caseinate) obtained

according to Example 1 were placed in the hopper of a 36-station Rimek® rotary tablet press.
The tablet press pressure was set to 25 MPa and a 1390 mg average tablet weight with a
processing speed of 500 tablets per minute. The tablets produced by direct compression had
an average hardness of 15 kPa and showed good performance In a dissolution test.
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Patentkrav

1. Fremgangsmade til indkapsling af et vanduoplgseligt faststof i mikrokapsler ved

hjaelp af ionisk gelering, omfattende de fglgende:

a) udformning af en oplgsning af negativt ladede makromolekyler valgt fra

gruppen bestaende af proteiner og polysaccharider;

b) udformning af en vandig opslaamning af et vanduoplgseligt faststof valgt
fra gruppen af metalliske og ikkemetalliske mineraler, phyllosilikater,
polymerpartikler og uoplgselige faststoffer opnaet via syntese, ekstrahering
eller bioprocesser; eller valgt fra gruppen bestaende af uoplgselige
calciumsalte, kaolin, silika og metalliske oxider;

c) tilsaetning af oplgsningen af negativt ladede makromolekyler fra trin a)
til den vandige opslaamning fra trin b) under omrgring og saenkning af

temperaturen til mindre end 10°C;

d) tilsaetning af en kilde af polyvalente kationer til den vandige opslaamning

af trin ¢) indtil en skal der daekker det uoplgselige faststof er dannet;

e) ggning af temperaturen af systemet til mellem stuetemperatur og 80 °C;
Og

f) eventuelt, udseettelse af produktet af trin e) for t@grring med en

sprgjtetgrrer ved temperaturer lig med eller stgrre end 180 °C.

2. Fremgangsmaden ifglge krav 1, hvor pH’en af oplgsningen fra trin b) justeres

for at opna et absolut zetapotentiale over 5 mV.

3. Fremgangsmaden ifglge krav 1, hvor trinnene ¢) og d) gentages for at gge

25 tykkelsen af skallen der deekker det uoplgselige faststof.

4. Fremgangsmaden ifglge krav 1, hvor koncentrationen af uoplgselige faststoffer

| den vandige opslaamning af trin b) er mellem 5 % og 70 % (vaagt/vaegt).
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5. Fremgangsmaden ifglge krav 1, hvor det negativt ladede makromolekyle er

natriumcaseinat.

6. Fremgangsmaden ifglge krav 1, hvor kilden af polyvalente kationer er

5 vandoplgseligt calciumchlorid.

7. Mikrokapslerne opnaet i henhold til fremgangsmaden ifglge kravene 1 til 6,

omfattende et vanduoplgseligt faststof indkapslet i en makromolekyleskal, hvor:

det vanduoplgselige faststof er valgt fra gruppen bestaende af metalliske
10 og ikkemetalliske mineraler, phyllosilikater, polymerpartikler og uoplgselige

faststoffer opnaet via syntese, ekstrahering eller bioprocesser; eller valgt

fra gruppen bestaende af uoplgselige calciumsalte, kaolin, silika, metalliske

oxider;

makromolekylerne er valgt fra gruppen bestaende af proteiner og

15 polysaccharider;

naevnte makromolekyleskal udgegr mindst 10 % af den totale vaegt af den

torre mikrokapsel; og

mindst 80 % af makromolekylerne er adsorberet pa overfladen af det
vanduoplgselige faststof.
20

8. Sammensatning omfattende mikrokapslerne ifglge krav 7 som en aktiv
bestanddel, som et fortyndingsmiddel, excipiens til direkte kompression eller

baerer.

25 9. Sammenseaetning ifglge krav 8, hvor mikrokapslerne er en aktiv bestanddel,
vderligere omfattende en farmaceutisk, kosmetisk eller nutraceutikum egnet

baerer.

10. Fremgangsmade til indkapsling af en vandoplgselig forbindelse i mikrokapsler

30 omfattende vanduoplgseligt faststoffer, omfattende de fglgende trin:
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a) indkapsling af to vanduoplgselige faststoffer, (A) og (B), hvor (A) er
stabil og (B) er modtagelig for nedbrydning eller oplgsning, i mikrokapsler

med ionisk gelering, ved:

1) udformning af en vandig oplgsning af negativt ladede
makromolekyler valgt fra gruppen bestaende af proteiner og

polysaccharider;

i) udformning af en vandig opslaeamning af to vanduoplgselige
faststoffer (A) og (B), hvor (A) og (B) er uathangigt valgt fra
gruppen bestaende af metalliske og ikkemetalliske mineraler,
phyllosilikater, polymerpartikler og uoplgselige faststoffer opnaet via

syntese, ekstrahering eller bioprocesser;

iii) tilseetning af oplgsningen af negativt ladede makromolekyler fra
trin i) til den vandige opslaamning fra trin ii) under omrgring og

saenkning af temperaturen til mindre end 10 °C;

iv) tilseetning af en kilde af polyvalente kationer til den vandige

opsleeamning af trin ¢);

V) ggning af temperaturen af systemet mellem stuetemperatur og
80 °C; og

vi) eventuelt, udsaettelse for et yderligere tgrringstrin med en
sprgjtetgrrer ved temperaturer lig med eller stgrre end 180 °C;

b) udformning af en vandig opslaamning af mikrokapsler af trin a);

c) tilseetning af et nedbrydende eller oplgsende middel til opsleeamningen af
trin b) indtil nedbrydningen eller oplgsningen af uoplgseligt faststof (B) er

O
opnaet;

d) fjernelse af det overskydende nedbrydende eller oplgsende middel fra

opslaamningen af trin ¢);

e) tilseetning af en vandoplgselig forbindelse til den vandige opslaamning af

trin d), tillade det at diffundere ind i mikrokapslerne;

f) udformning af en oplgsning af negativt ladede makromolekyler valgt fra

gruppen bestaende af proteiner og polysaccharider:
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g) tilseetning af oplgsningen af makromolekyler af trin f) til opslaamningen
af trin e) under omrgring og seenkning af temperaturen til mindre end 10
OC’

h) tilsaetning af en kilde af polyvalente kationer til den vandige opslaamning

af trin g) indtil en skal der daekker mikrokapslerne er dannet;
1) ggning af temperaturen af systemet mellem stuetemperatur og 80 °C;

j) eventuelt, udseettelse for et yderligere tgrringstrin med en sprgjtetgrrer

ved temperaturer lig med eller stgrre end 180 °C, og

k) eventuelt, udfgrelse af et yderligere tgrringstrin for at dehydrere
mikrokapslen.

11. Fremgangsmaden ifglge krav 10, hvor uoplgseligt faststof (A) er valgt fra
gruppen bestaende af calciumphosphat, kaolin, silika, metalliske oxider og
blandinger deraf, og det uoplgselige faststof (B) er valgt fra gruppen bestaende af

calciumkarbonat, metalliske oxider og blandinger deraf.

12. Fremgangsmaden ifglge krav 10, hvor det uoplgselige faststof (B) er

calciumkarbonat.

13. Fremgangsmaden ifglge krav 10, hvor det nedbrydende eller oplgsende
middel er valgt fra et pH-modificerende middel, et kompleksdannende

proceshjaelpestof, et fotonedbrydningsmiddel og et hydrolysemiddel.

14. Fremgangsmaden ifglge krav 10, hvor det nedbrydende eller oplgsende

middel er et pH-modificerende middel.

15. Fremgangsmaden ifglge krav 10, hvor den vandoplgselige forbindelse fra trin
e) er valgt fra gruppen bestaende af vitaminer, farvestoffer, aromastoffer,
duftstoffer, biocider, ggdningsmidler, laeagemidler, proteiner, polysaccharider og

blandinger deraf.
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16. Fremgangsmaden ifglge krav 10, hvor pH’en af oplgsningen fra trin ii) og trin

b) justeres for at opna et absolut zetapotentiale over 5 mV.

17. Fremgangsmaden ifglge krav 10, hvor trinnene iii) og iv) og trinnene g) og h)

5 gentages for at gge tykkelsen af skallen der deekker det uoplgselige faststof.

18. Fremgangsmaden ifglge krav 10, hvor koncentrationen af mikrokapsler
indeholdende uoplgselige faststoffer i den vandige opslaamning af trin b) er
mellem 1 % og 70 % (vaegt/vaegt).

10

19. Fremgangsmaden ifglge krav 10, hvor det negativt ladede makromolekyle er

natriumcaseinat.

20. Fremgangsmaden ifglge krav 10, hvor kilden af polyvalente kationer er

15 vandoplgseligt calciumchlorid.

21. Produkt opnaet i henhold til fremgangsmaden ifglge et hvilket som helst af
kravene 10 til 20, omfattende en vandoplgselig forbindelse indkapslet i en

mikrokapsel af vanduoplgselige faststoffer med en makromolekyle skal, hvor:

20 makromolekylet er valgt fra gruppen bestaende af proteiner og

polysaccharider;

det vanduoplgselige faststof er valgt fra gruppen bestaende af metalliske

og ikkemetalliske mineraler, phyllosilikater, polymerpartikler og uoplgselige

faststoffer opnaet via syntese, ekstrahering eller bioprocesser; eller valgt
25 fra gruppen bestaende af uoplgselige calciumsalte, kaolin, silika, metalliske

oxider;

mindst 80 % af makromolekylerne er adsorberet pa overfladen af det

vanduoplgselige faststof; og

den vandoplgselige forbindelse er diffunderet ind i interpartikulaere

30 mellemrum.
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