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ABSTRACT

The invention relates to a method for ionic gelation on solids for encapsulating
water-insoluble solids. The method uses negatively charged macromolecules and
soluble salts of polyvalent cations as shell-forming materials having a high adsorption
on the surface of the solid when subjected to thermal treatment. The shell-forming
material represents at least 10% of the weight of the dry microcapsule obtained. The
obtained microcapsule can be redispersed in water and treated by altering the
environment thereof in order to be used as an encapsulating medium for water-
soluble compounds and they can also be used as active ingredients and/or

excipients in the production of pharmaceutical or nutraceutical compositions.
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IONIC GELATION ON SOLIDS

TECHNICAL FIELD

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 Ilump formation), thereby producing a stable suspension of

microcapsules.

By varying the drying conditions and the surface chemistry of the suspended
microcapsules, it is 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

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-



10

15

20

25

CA 02922601 2016-02-26

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 ionic 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.

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 is 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).

This ionic gelation method has been applied to the encapsulation of polyphenols (2),
osteoporosis medications (4), probiotics (5, 8), antibiotics (7) and for generating
biocompatible capsules of active compounds (8). However, one of the main
inconveniences is 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 limiting its range of applications. 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.

The present invention, through a microencapsulation process, is 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

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. 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 material relative to the weight of the dry microcapsule.

According to another particular aspect, the invention relates to a process for
encapsulating a water-soluble compound in microcapsules comprising one or more
water-insoluble solids, comprising the following steps: a) providing an aqueous
suspension of microcapsules comprising two insoluble solids (A) and (B), wherein (A)
is stable and (B) is susceptible to degradation or dissolution in the presence of a
degrading or dissolving agent, independently selected from the group consisting of
metallic and non-metallic minerals, phyllosilicates, polymeric particles and insoluble
solids obtained via synthesis, extraction or bioprocesses; wherein said microcapsules
are prepared as in Claim 1; b) adding the degrading or dissolving agent to the

suspension of step a) until the degradation or dissolution of insoluble solid (B) is
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achieved; c) removing the excess of degrading or dissolving agent from the
suspension of step b); d) adding the water-soluble compound to the aqueous
suspension of step c); e) providing a solution of negatively charged macromolecules
selected from the group consisting of proteins, polysaccharides and mixtures thereof;
f) mixing the solution of macromolecules of step e) and the suspension of step d)
under stirring and lowering the temperature to sub-room temperature values between
5 °C and 20 °C; g) adding a source of polyvalent cations to the the aqueous
suspension of step f), to produce a shell of macromolecules on the insoluble solids;
and; h) increasing the temperature of the system between room temperature and
80°C.

According to another particular aspect, the invention relates to a product obtained
according to the process defined hereinbefore, comprising a water-soluble compound
encapsulated in a microcapsule of water-insoluble solids with a macromolecule shell,
wherein: the macromolecule is selected from the group consisting of proteins,
polysaccharides and mixtures thereof; the water-insoluble solid is selected from the
group consisting of metallic and non-metallic minerals, phyllosilicates, polymeric
particles and insoluble solids obtained via synthesis, extraction or bioprocesses; the
water-soluble compound is selected from the group consisting of vitamins, colorings,
flavorings, scents, biocides, fertilizers, drugs, proteins, polysaccharides and mixtures
thereof; at least 80% of the macromolecules are adsorbed on the water-insoluble
solid surface; and the water-soluble compound is diffused into the water-insoluble

solid.

According to another particular aspect, the invention relates to a composition
comprising a the product as defined hereinbefore, wherein the microcapsules

encapsulating the water-soluble solid are in the form of agglomerates.

According to another particular aspect, the invention relates to a water-soluble
compound encapsulated in a microcapsule of water-insoluble solids with a

macromolecules shell, wherein: the shell-forming macromolecules are selected from

3a
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the group consisting of proteins, polysaccharides and mixtures thereof;, and the
water-insoluble solid is selected from the group consisting of metallic and non-
metallic minerals, phyllosilicates, polymeric particles and insoluble solids obtained via
synthesis, extraction or bioprocesses; at least 80% of the shell-forming
macromolecules are adsorbed on the water-insoluble solid surface; and the water-

soluble compound is diffused into the water-insoluble solid.
BRIEF DESCRIPTION OF THE FIGURES

FIGURE 1. Scanning electron micrograph of a calcium carbonate microcapsule,

using sodium caseinate 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).

3b
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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

The invention relates to a process for the preparation of microcapsules 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 is 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.

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.

The microcapsules in aqueous suspension can later be dried by spray-drying, where
the morphology of the microcapsules can be modified by varying the drying
temperature, the pH, the concentration of macromolecules and the concentration of

polyvalent cations. For the dry system, it is possible to prepare individual capsules or
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capsule aggregates with spherical and/or toroidal morphologies. The particle
diameter of the agglomerates can vary between 0.2 and 2,000 micrometers.

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:
a) Elaborating a solution of macromolecules that possess negative charges in their

molecular structure.
b) Adjusting the pH of the macromolecule solution and cooling it.
c¢) Elaborating a suspension of water-insoluble solids, adjusting its pH.

d) Mixing the macromolecule solution from step a) with the suspension of water-

insoluble solids, stirring the system and controlling its temperature.

e) Adding a solution of polyvalent ions to the suspension of water-insoluble solids in

the presence of negatively-charged macromolecules.

f) Repeating the addition of macromolecule and polyvalent ion solutions to the
microencapsulated solid system to increase the thickness of the shell of the

microcapsule.
g) Heating the microcapsule suspension.

h) Spray-drying the agueous 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.
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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 insoluble solids
obtained by synthesis, extraction or bioprocesses, can also be encapsulated using

the process described herein.

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 adjusted to change the absolute value of the zeta potential, which can
promote the adsorption of the charged sheli-forming macromolecules. In principle, we
seek to produce a pH that maximizes electrostatic attraction between the surface of
the solid and the macromolecules without destabilizing the suspension, which can be

monitored according to the average particle size.

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 is 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.

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
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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.

To achieve adequate hydration and interaction between the macromolecules and the
surface of the water-insoluble solids, it is appropriate to decrease the temperature of
the system to below-room temperature values, preferably less than 10°C and

temperatures closer to 5°C are even more preferable.

In order to induce ionic gelation of the macromolecules on the surface of the
insoluble solid, a source of polyvalent cations is 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.

In a preferred embodiment, calcium chloride is 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 surface of the insoluble
solid is carried out, the temperature of the system is increased to induce ionic

gelation, which is achieved at temperatures around 25°C. In some cases, the
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temperature of the system can be increased to 80°C. By increasing the temperature
of the suspension in the presence of polyvalent cations, the solid-containing
microcapsule is 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 is 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.

Due to the agglomerates' stability and inter-particle spaces, these can be used to
store compounds inside these spaces. Thus, in an additional embediment 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.

A preferred embodiment of the invention 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 is 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.

The compositions that contain the invention's microcapsules can be solid, semi-solid

or liquid, and can be prepared using conventional methods widely known in the field,
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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 is illustrated by the following examples. However, these examples do not

limit the scope if the invention.
EXAMPLES

EXAMPLE 1 Preparation of Calcium Carbonate Microcapsules.

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 6.5. Separately, 41.2 g ofa
calcium carbonate suspension (67% w/w) was prepared. lts 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

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 chioride dihydrate solution
(4.1% wiw) 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 m*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.

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. lts pH was
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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™.

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

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 distiled 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.

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 cresy! violet. The 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.

Calcium carbonate microcapsules (90% CaCOs;, 10% sodium caseinate) obtained

according to Example 1 were placed in the hopper of a 36-station Rimek® rotary

10
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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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CLAIMS:

1. A process for encapsulating one or more water-insoluble solids in microcapsules by
means of ionic gelation, comprising the following steps:

a) providing a solution of negatively charged macromolecules selected from the
group consisting of proteins, polysaccharides and mixtures thereof;

b) providing an aqueous suspension of the water-insoluble solid independently
selected from the group consisting of metallic and non-metallic minerals, phyllosilicates,
polymeric particles and insoluble solids obtained via synthesis, extraction or bioprocesses;

c) mixing the solution of negatively charged macromolecules from step a) and
the aqueous suspension from step b) under stirring and lowering the temperature to sub-
room temperature values between 5 °C. and 20 °C,;

d) adding a source of polyvalent cations to the aqueous suspension of step c), to

produce a shell of macromolecules on the insoluble solids; and

e) increasing the temperature of the system between room temperature and

80°C.

2. The process according to Claim 1, wherein the pH of the solution from step b) is

adjusted to achieve an absolute zeta potential above 5 mV.

3. The process according to Claim 1, wherein steps ¢) and d) are repeated one or more

times to increase the thickness of the shell that covers the insoluble solid.

4. The process according to Claim 1, wherein the microcapsules are subjected to an

additional drying step with a spray dryer at temperatures equal to or greater than 180 °C.
5. The process according to Claim 1, wherein the one or more insoluble solids are

selected from the group consisting of insoluble calcium salts, kaolin, silica, and metallic

oxides.

13

Date Regue/Date Received 2020-12-23



6. The process according to Claim 1, wherein the concentration of insoluble solids in

the aqueous suspension of step b) is between 5% and 70% (w/w).

7. The process according to Claim 1, wherein the negatively charged macromolecule is

sodium caseinate.

8. Microcapsules obtained according to the process of Claim 1, wherein:

said microcapsules comprises one water-insoluble solid encapsulated in a
macromolecules shell;

the shell-forming macromolecules constitute at least 10% of the total weight of the
microcapsule; and

at least 80% of the shell-forming macromolecules are adsorbed on the surface of the

water-insoluble solid.

9. The microcapsules according to Claim 8, wherein the water-insoluble solid is
selected from the group consisting of calcium carbonate, calcium phosphate, silica, titanium

dioxide and kaolin.

10. A composition comprising the microcapsules according to Claim 8, wherein the

encapsulated insoluble solid is in the form of agglomerates.

11.  The composition according to Claim 10 further comprising pharmaceutically,

cosmetically, or nutraceutically suitable carriers.

12. A process for encapsulating a water-soluble compound in microcapsules comprising
one or more water-insoluble solids, comprising the following steps:

a) providing an aqueous suspension of microcapsules comprising two insoluble
solids (A) and (B), wherein (A) is stable and (B) is susceptible to degradation or dissolution
in the presence of a degrading or dissolving agent, independently selected from the group
congsisting of metallic and non-metallic minerals, phyllosilicates, polymeric particles and

insoluble solids obtained via synthesis, extraction or bioprocesses;
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wherein said microcapsules are prepared as in Claim 1;
b) adding the degrading or dissolving agent to the suspension of step a) until

the degradation or dissolution of insoluble solid (B) is achieved,

c) removing the excess of degrading or dissolving agent from the suspension of
step b);

d) adding the water-soluble compound to the aqueous suspension of step c);

e) providing a solution of negatively charged macromolecules selected from the

group consisting of proteins, polysaccharides and mixtures thereof;

f) mixing the solution of macromolecules of step e) and the suspension of step
d) under stirring and lowering the temperature to sub-room temperature values between 5
°C and 20 °C;

g) adding a source of polyvalent cations to the aqueous suspension of step f), to
produce a shell of macromolecules on the insoluble solids; and

h) increasing the temperature of the system between room temperature and

80°C.
13.  The process according to Claim 12, wherein the insoluble solid A is selected from
the group consisting of calcium phosphate, kaolin, silica, metallic oxides, and mixtures

thereof.

14. The process according to Claim 12, wherein insoluble solid (A) is calcium

phosphate.

15.  The process according to Claim 12, wherein insoluble solid (B) is selected from the

group consisting of calcium carbonate, metallic oxides, and mixtures thereof.

16.  The process according to Claim 12, wherein insoluble solid (B) is calcium

carbonate.
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17.  The process according to Claim 12, wherein the degrading or dissolving agent is
selected from a pH modification agent, a complexing processes agent, a photodegradation

agent and a hydrolysis agent.

18.  The process according to Claim 12, wherein the degrading or dissolving agent is a

pH modification agent.

19.  The process according to Claim 12, wherein the water-soluble compound from step
d) is selected from the group that consists of vitamins, colorings, flavorings, scents,

biocides, fertilizers, drugs, proteins, polysaccharides and mixtures thereof.

20.  The process according to Claim 12, wherein steps f) and g) are repeated one or more

times to increase the thickness of the shell that covers the microcapsule.

21.  The process according to Claim 12, wherein the microcapsules are subjected to an

additional drying step with a spray dryer at temperatures equal to or greater than 180°C.

22.  The process according to Claim 12, wherein an additional drying step is carried out

to dehydrate the microcapsule.

23.  The process according to Claim 12 wherein the concentration of microcapsules
containing insoluble solids in the aqueous suspension of step a) is between 1.0% and 70.0%

(Wiw).

24.  The process according to Claim 12, wherein the negatively charged macromolecule

is sodium caseinate.
25. A product obtained according to the process of Claim 12, comprising a water-

soluble compound encapsulated in a microcapsule of water-insoluble solids with a

macromolecule shell, wherein:
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the macromolecule is selected from the group consisting of proteins,
polysaccharides and mixtures thereof;

the water-insoluble solid is selected from the group consisting of metallic and non-
metallic minerals, phyllosilicates, polymeric particles and insoluble solids obtained via
synthesis, extraction or bioprocesses;

the water-soluble compound 1is selected from the group consisting of vitamins,
colorings, flavorings, scents, biocides, fertilizers, drugs, proteins, polysaccharides and
mixtures thereof’

at least 80% of the macromolecules are adsorbed on the water-insoluble solid
surface; and

the water-soluble compound is diffused into the water-insoluble solid.

26.  The product according to Claim 25, wherein the macromolecules constitute at least

10% of the total weight.

27.  The product according to Claim 25, wherein the macromolecule is sodium

caseinate.
28.  The product according to Claim 25, wherein the water-insoluble solid is selected
from the group consisting of calcium carbonate, calcium phosphate, silica, titanium dioxide

and kaolin.

29. A composition comprising a product according to Claim 25, wherein the

microcapsules encapsulating the water-soluble solid are in the form of agglomerates.

30.  The process according to Claim 1, wherein the source of polyvalent cations is

water-soluble calcium chloride.
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31. A water-soluble compound encapsulated in a microcapsule of water-insoluble solids
with a macromolecules shell, wherein:

the shell-forming macromolecules are selected from the group consisting of
proteins, polysaccharides and mixtures thereof; and

the water-insoluble solid is selected from the group consisting of metallic and non-
metallic minerals, phyllosilicates, polymeric particles and insoluble solids obtained via
synthesis, extraction or bioprocesses;

at least 80% of the shell-forming macromolecules are adsorbed on the water-
insoluble solid surface; and

the water-soluble compound is diffused into the water-insoluble solid.
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