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Core-Shell Capsules and Methods for Encapsulation Including Diffusion Through

Spherical Capsule Membranes

Technical Field

The present invention pertains to the field of encapsulation. In particular, the invention
relates to a method of encapsulation, a method for obtaining capsules, capsules obtainable by

the methods and core-shell capsules.

Prior Art and the Problem Underlying the Invention

The present invention pertains to the field of encapsulation, in particular to the production of
capsules, in particular microcapsules. Generally, capsules are defined according to the
diameter of the preparation, as micro capsules when smaller than 1 millimetre, as nano
capsules below one micrometer. Morphology of capsules depends on the process of
producing them, some processes yielding spherical capsules, other processes elliptical or still

other, for example irregular particulate forms.

Encapsulation is a technology that allows the chemically or biologically active substance to
be confined and protected against immediate reaction with the substances in its environment.
The reactive compound remains chemically identical, by physical separation from the other
compounds in the system. Its release is controlled or delayed. One way of separating the
chemically active core compound from its environment is to provide capsules having a core-
shell configuration. The shell function is achieved by a membrane, which in many cases is
expected to be very tight, or in other applications requires a gradual diffusion. The direction
of the flow is designed to be in one single direction, in the majority of the cases, flowing

away from the capsule core.

In most known processes, the particle size is the result from droplet separation and
consequently requires a certain amount of energy to achieve the desired separation of a

stream of liquid core material.

An objective of the present invention is to provide a unique platform technology, allowing

the making of very small capsules as well as rather large spheres, with only minimal changes
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to the orifice producing the droplets. It is thus an objective of the invention, to provide a
method of producing core-shell capsules that can be used for producing capsules over a
relatively wide size range, capsules that can have a diameter in the range of 1 um to 1 cm, or
even larger. The variability with respect to capsule size implies that the membrane thickness
differs and needs to be controllable and adjustable to the requirements of the final

application.

Furthermore many core-shell capsules are not entirely proof to liquid and wvolatile
ingredients, such as flavours or fragrances. It is thus an objective to provide capsules with a
core that comprises a liquid ingredient, and which is stable for prolonged time of storage,

even under dry and warm conditions.
The invention addresses further the problem of providing core-shell capsules made of
materials that do not cause any concern of toxicity, in dependence of the application for

which it is used.

It is also an objective to provide capsules that can conveniently be prepared from different

starting materials.

Another objective of the invention is to provide capsules that have a comparatively rigid
shell, which is susceptible of being ruptured upon exposure to pressure, so as to release its
content at a predetermined moment.

The present invention addresses the problems depicted above.

Summary of the Invention

Remarkably, the present inventors have provided a new method of producing core-shell
capsules, which is based on diffusional exchange through the membrane of core-shell
capsules. Surprisingly, the present inventors have overcome by using a multiple step process
the limitations of prior art methods, which virtually all are limited to small range of capsule

sizes, in general of small capsule sizes.

In an aspect, the present invention provides a method of encapsulation and/or a method of
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producing core-shell capsules, the method comprising the steps of: producing a shell of core-
shell capsules; and, exposing said shell to a medium comprising an active agent and allowing

for diffusion and/or osmosis of the active agent through said shell.

In an aspect, the present invention provides a method of encapsulation and/or a method of
producing core-shell capsules, the method comprising the steps of: producing precursor
core-shell capsules comprising a carrier core; exposing said precursor core-shell capsules to
conditions that result in the diffusion and/or osmosis of at least part of the carrier core

through the shell to the outside of the shell.

In an aspect, the present invention provides a method of encapsulation and/or a method of
producing core-shell capsules, the method comprising the steps of: producing precursor
core-shell capsules comprising a carrier core and an active agent; exposing said precursor
core-shell capsules to conditions that result in the diffusion and/or osmosis of at least part of
the carrier core through the shell to the outside of the shell, while said active agent remains

substantially in the inside of said capsules.

In an aspect, the present invention provides a method of encapsulation and/or a method of
producing core-shell capsules, the method comprising the steps of:

- preparing carrier beads from a carrier material,

- encapsulating said carrier beads with an appropriate film forming and/or polymeric
material so as to obtain carrier core-shell capsules;

- exposing said carrier core-shell capsules to a liquid and/or solubilizing medium,
wherein said carrier material is soluble or dispersible in said medium;

- removing said capsules obtained in the preceding step from said medium, so as to
obtain core-shell capsules comprising an active agent;

wherein said carrier material and/or said medium comprises an active agent.

In an aspect, the present invention provides a method of preparing core-shell capsules with a
core comprising an active agent, the method comprising:

- preparing a solid carrier core from a carrier material that is dissolvable in a liquid
and/or solubilizing medium;

- encapsulating said solid carrier core so as to obtain carrier core-shell capsules;

- exposing said carrier core-shell capsules so said medium for a duration sufficient to
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at least partially replace said carrier core of said core-shell capsules by said medium, thereby
obtaining core-shell capsules with a core comprising said medium;

- removing the core-shell capsules with a core from the medium;

wherein an active agent is mixed with said carrier material before and/or when forming said

solid carrier core, and/or wherein an active agent is contained in said medium.

In an aspect, the present invention provides a method of encapsulation by counter current
flow diffusion, the method comprising the steps of:

- preparing substantially spherical, self-sustained carrier beads from a carrier material,
said carrier beads having a diameter in the range of 1 um to 1 cm;

- encapsulate said self-sustained carrier beads with an appropriate film-forming
material to form a semi-permeable shell in order to obtain precursor core shell capsules;

- exposing said precursor core-shell capsules to a solubilizing medium containing an
active agent, wherein said carrier material is soluble and/or dispersible in said medium, so as
to favour diffusion of the dissolved and/or dispersed carrier material out of said precursor
core-shell capsules and/or diffusion of said active agent into the precursor core-shell

capsules, thereby obtaining core-shell capsules comprising an active agent.

In an aspect, the invention provides capsules obtainable by any one of the methods of the

invention.

In an aspect, the invention provides a core-shell capsule comprising a core comprising an
active agent, wherein at least part of said core and/or of said active agent has properties of or

comprises a liquid at 65°C.

In an aspect, the invention provides a core-shell capsule comprising a core comprising an

active agent, wherein at least part of said core and/or said active agent is a liquid at 65°C.

In an aspect, the invention provides a capsule comprising a core at least part of which is
liquid, comprises a liquid or has properties of a liquid at 45°C, preferably at 35°C and even
more preferably at 25°C, and a shell, and comprising an active agent, said shell comprising

cellulose acetate and/or a derivative thereof.

In an aspect, the invention provides a consumer end product comprising the capsules of the
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present invention.

In an aspect, the invention provides a pharmaceutical product, for example a pharmaceutical

composition comprising the capsules of the present invention.

In an aspect, the invention provides a therapeutic composition and/or a medicament. The

invention also encompasses a prophylactic composition and/or medicament.
Further aspects and preferred embodiments of the invention are defined herein below and in
the appended claims. Further features and advantages of the invention will become apparent

to the skilled person from the description of the preferred embodiments given below.

Detailed Description of the Preferred Embodiments

The present invention provides methods of producing core-shell capsules, capsules that can

be obtained by the method and core-shell capsules as defined herein.

The methods of the invention preferably comprise a step of preparing carrier cores or carrier
beads from a carrier material. For the purpose of this specification, the expressions "carrier
bead", "carrier core" and "primary core", "primary beads", "primary compound"”, "precursor
beads" and precursor "cores" are interchangeable and may be used for describing the same
principle. The expression "core" expresses the fact that said carrier beads and/or cores will
form the core of intermediate or precursor core-shell capsules. The expression "primary”
expresses that said carrying structure is transient and will generally be replaced by the active
agent or a medium as specified elsewhere in this specification. Preferably, said carrier beads
are self-sustained. The feature of being self-sustained refers to the fact that said beads are
sufficiently compact so as to function as a framework, allowing for the formation of a shell
around them in a further step. Said carrier beads may thus actually be liquid, for example in
the form of liquid beads that are suspended in a medium, so that said shell can be formed
around said carrier cores. According to a preferred embodiment, however, said beads are in a
solid state, for example in the form of a crystal or a non-crystalline solid state, for example
in a glassy state. Said feature of being self-sustained, for example solid, refers to the status
when being subjected to the step of shell-formation as being described elsewhere in this

specification.
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One of the innovative aspects in the in the method of the present invention is the making of a
primary, self-contained structure (core, beads), which serves as a scaffold to create a micro

spherical membrane around the primary core, as will be described further below.

In a still further, subsequent step said beads will preferably be exposed to conditions in
which the beads are preferably substantially disintegrated, for example solubilized and/or

suspended.

According to an embodiment, said carrier beads are substantially spherical.

According to an embodiment, said carrier beads have an average diameter of 1 um to 3 cm,
preferably 1 pm to 1 cm, preferably 100 um to 9.5 mm, more preferably 200 um to 9.5 mm,
still more preferably 400 um to 9 mm, even more preferably 600 um to 9 mm, and most

preferably 800 um to 8.5 mm.

According to a preferred embodiment, said carrier beads have a mean diameter of 1 to 9 mm,
1.5 to 8.5 mm preferably 2 to 8 mm, more preferably 2.5 to 7.5 mm, most preferably 3 to

7 mm, and finally 3.5 to 6.5 mm.

The carrier beads may be prepared from any suitable material. Preferred characteristics in
terms of melting point, solubility and diffusion characteristics of the material that is used for
preparing the carrier beads are disclosed elsewhere in this specification. According to an
embodiment, said carrier material of said carrier beads is water soluble and/or water
miscible. According to an embodiment, said carrier material of said carrier beads is selected
from PEG, water soluble saccharides, in particular water soluble mono-, di-, oligo-, and

polysaccharides, lipids, fats, waxes, for example.

According to an embodiment, said carrier material of said carrier beads is substantially free
of a water-soluble polymer comprising plural cationic or anionic groups. Preferably, said
carrier beads comprise less than 70wt.%, preferably less than 60wt.%, more preferably elss
than 50 wt.%, even more preferably less than 40 wt.% and most preferably less than 20wt.%,
for example less than 10 or 5 wt.% of water-soluble polymer comprising plural cationic or

anionic groups.
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According to an embodiment, said carrier beads comprise, preferably before said step of
encapsulating, less than 50wt.%, more preferably less than 40 wt.%, even more preferably
less than 30 wt.% and most preferably less than 20wt.%, for example less than 10 or 5 wt.%

of water.

According to an embodiment, said carrier material may have a melting point that is > 5°C,
preferably > 10°, more preferably > 15°C, even more preferably > 20°C, most preferably
> 25°C, in particular > 30°C, > 35°C, > 40°C, > 45°C, > 50°C and > 60°C.

According to an embodiment, said carrier material may have a melting point that is < 80°C,
preferably < 70°, more preferably < 60°C, even more preferably < 50°C, most preferably <
45°C. A low melting point can be advantageous for avoiding heating for obtaining the
carrier material, for example. This may be advantageous, for example, in case a volatile

active agent is present in the carrier material.

According to an embodiment, the melting point of said carrier material is in the range of
10°C to 100°C, preferably 20°C to 90°C, more preferably 30°C to 80°C, and most preferably
40°C to 70°C, in particular 43°C to 65°C.

While there exist many ways for producing carrier beads that may be used in the methods of
this invention, the solidification of droplets of liquefied carrier material is cited as an
example for the purpose of illustration. Accordingly, in an embodiment, said carrier beads
are obtained by providing liquid carrier material (for example, liquefied carrier material) and
adding droplets of liquid carrier material into a solidification medium, thereby obtaining said
carrier beads by solidification of said droplets. For example, said droplets may be obtained
by pumping said liquid carrier material through a nozzle into said solidification medium
and/or by dropping them into the solidification medium. Preferably, said solidification
medium is a liquid. Preferably, said solidification medium has a temperature that is below
the melting point of said carrier material when said droplets of liquid carrier material are

added.

According to an embodiment, the carrier beads comprise a gelled material. According to

another, preferred embodiment, the carrier beads are substantially free of a gelled material.
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According to an embodiment, the carrier beads comprise less than 80 wt.%, less than 70
wt.%, less than 60 wt.%, less than 50 wt.%, preferably less than 40wt.%, more preferably
less than 30 wt.%, and most preferably less than 20wt.% and even more preferably less than
10wt.% and less than Swt.% of a gelled material. The expression "gelled material"
preferably encompasses and/or consists of water-soluble polycationic or polyanionic
material which can be reversibly gelled, and/or which cannot be reversibly gelled. According
to an embodiment, a gelled material comprises alginate, in particular sodium alginate.

According to an embodiment, the gelled material comprises pectin.

According to an embodiment, said carrier material has a melting point that is higher than the
melting point of said preferably liquid solidification medium. Therefore, when being
contacted with the liquid solidification medium at a temperature that is below the melting
point of said carrier material, said liquefied carrier material solidifies and forms said self-

sustained carrier beads.

According to an embodiment, an active agent is added to said carrier material in said carrier
beads. For example, said active agent is admixed with said carrier material before and/or
when forming said carrier beads. According to an embodiment, said active agent is added to
liquid carrier material. According to this embodiment, the carrier beads comprise a mixture
of carrier material and active agent. In this embodiment, said carrier bead may comprise, for
example, 0 to 99 wt.%, 50 to 99 wt.%, preferably 60 to 98 wt.%, more preferably 70 to 97%
and most preferably 80-96 wt.% of carrier material and 1 to 50 wt.%, preferably 2 to 40
wt.%, more preferably 3 to 30 wt.% and most preferably 4 to 20 wt.%, respectively, of active

agent.

In accordance with an embodiment, the method of the invention comprises a step of forming

carrier beads from a mixture comprising a carrier material and an active agent.

According to an embodiment, said active agent is selected from any chemically active or
bioactive compounds. Preferably, said active agent is or comprises substances selected from
the group consisting of flavors, fragrances, sweeteners, pharmaceuticals, nutraceuticals,
vitamins, minerals, salts, plant extracts, enzymes, peptides, microorganisms, pigments,
oxidizing agents, surfactants, pesticides, and mixtures comprising two or more of the

aforementioned.
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According to an embodiment, said active agent is water.

According to another embodiment, said carrier beads are substantially free of said active
agent, and said active agent is added at a later moment, as disclosed elsewhere in this

specification.

According to another embodiment, a separate or specific active agent is absent, and/or said
solubilizing medium acts as active agent. Accordingly, said carrier beads are substantially or
totally free of an active agent and/or said solubilizing medium is substantially or totally free

of an active agent other than said solubilizing medium.

According to an embodiment, said carrier beads, comprising or not said active agent, may be
washed with appropriate solvents, such as acetone, and/or with a blend of solvents, for
example. This washing step is conducted, for example, before the subsequent encapsulation

step.

In an embodiment, the methods of the invention may comprise any one or a combination of
two or more of the steps selected from: producing a shell of core-shell capsules;
encapsulating said carrier beads with an appropriate film forming and/or polymeric material
so as to obtain carrier core-shell capsules; encapsulating said solid carrier core so as to
obtain carrier core-shell capsules; and encapsulate said self-sustained carrier beads with an
appropriate film-forming medium to form a semi-permeable shell in order to obtain

precursor core shell capsules.

Preferably, said carrier beads are encapsulated with an appropriate material that is capable of
forming a shell. In this manner, "carrier core-shell capsules”, also interchangeably referred to
as "precursor core shell capsules” are preferably obtained. The core of said carrier or
precursor core-shell capsules thus preferably comprises, consists essentially of and/or
consists of the carrier material, optionally admixed with the active agent, in case the active

agent was added in the carrier beads.

Said film-forming and/or polymeric material for forming said shell may be selected,

according to an embodiment, from materials comprising one or more selected from
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polysaccharides, polysaccharide-based materials, protein-based materials, polyvinyl alcohol,
polyvinyl acetate, polylactic-co-glycolic acid, polylactic acid, and combinations comprising

two or more of the aforementioned.

Examples of proteins and protein-based materials include milk proteins, such as whey
protein and/or casein protein, cereal proteins, such as wheat protein and zein protein from

corn, and gelatin.

According to an embodiment, said film-forming and/or polymeric material comprises less
than 10% by weight of protein, said 10% referring to the film-forming and/or polymeric
material. More preferably, said film-forming and/or polymeric material comprises less than
5% and even more preferably less than 3% by weight of protein, most preferably said film-

forming and/or polymeric material is substantially free of protein.

According to an embodiment, said film-forming and/or polymeric material comprises less
than 10% by weight of gelatin, said 10% referring to the film-forming and/or polymeric
material. More preferably, said film-forming and/or polymeric material comprises less than
5% and even more preferably less than 3% by weight of gelatin, most preferably said film-

forming and/or polymeric material is substantially free of gelatin.

Examples of polysaccharides and polysaccharide-based materials include cellulose acetate,
cellulose triacetate, cellulose phthalate, in particular cellulose acetate phthalate,
hydroxypropylcellulose, ethyl cellulose, cellulose derivatives in general, including other
cellulose derivatives than those specified herein, chitosan, chitin, Arabic gum, alginate,
pectin, pullulan, maltodextrin, cyclodextrin (e.g. cylcodextrin o, B and/or ), starch, modified

starch, and combinations comprising two and more of the aforementioned.

According to an embodiment, the film-forming material comprises one or more resins.

Preferably, said film-forming material comprises shellac.

According to a preferred embodiment, said film-forming and/or polymeric material is or
comprises cellulose and/or a derivative of cellulose, such as cellulose acetate, or a derivative
of cellulose acetate and/or cellulose triacetate, such cellulose acetate phthalate, for example.

Derivatives of cellulose, cellulose acetate and cellulose triacetate may be advantageous in
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certain situations as they generally have a weak solubility in many common solvents such as
pure water. They are, however, soluble in di- or triacetin and acetic acid solutions. Cellulose

acetate, for example, is authorized as an ingredient for some consumer products.

According to an embodiment, the said film-forming and/or polymeric material and/or the
shell of the capsules are substantially free of a gelled material. According to an embodiment,
the film-forming and/or polymeric material and/or the shell of the capsules comprises
<50wt.%, < 40wt.%, preferably < 30wt.%, and < 20wt.%, even more preferably < 15wt.%,
< 10wt.%, even more preferably <8wt.%, < 5wt.%, and most preferably <2.5 wt.% of a
gelled material. These percentages refer to the film-forming and/or polymeric material

forming the shell of the capsules and/or to the shell of the capsules as such.

The film-forming and/or polymeric material may be mixed with an additive so as to obtain a
shell that comprises a film-forming and/or polymeric material and the additive. The additive
may be selected, for example, from plasticizers and/or softeners, for example. For the
purpose of this specification, softeners are encompassed by the term "plasticizer".

Exemplary additives and plasticizers are specified elsewhere in this specification.

As will become apparent further below, the material for preparing the shell is preferably
carefully selected with respect to the membrane characteristics of the shell obtained with the
material. As described below, the shell material has to allow the diffusion from the core into
the solubilizing medium and, once the shell being at least partially, but preferably
substantially “emptied” from its primary core, the core medium will be replaced totally or
partially by the flow of the solubilizing medium and/or active compound into the micro-
spherical membrane. Besides the material from which it is prepared and the encapsulating
technique used, also the thickness of the shell may be adjusted in order to optimize diffusion

characteristics and/or permeability of the shell.

Having the above in mind, said shell may be prepared in any suitable manner. According to
an embodiment, said step of encapsulating said carrier beads comprises the step of applying
said film-forming and/or polymeric material onto the solid carrier beads. If there is an
additive to the film-forming and/or polymeric material, the additive may be applied at the

same time.
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In an embodiment, said step of encapsulating said solid carrier beads comprises the step of
atomizing a solution, dispersion and/or emulsion comprising a film forming material and a

solvent onto said solid carrier beads.

In some embodiments, the step of encapsulating said carrier beads with an appropriate film
forming and/or polymeric material may comprise the step of exposing the carrier beads to a
solution, dispersion and/or emulsion comprising a solvent and said film forming and/or
polymeric material and, if applicable, an additive. During the exposure of the carrier beads
with the solution, dispersion and/or emulsion the solvent is preferably removed, for example
by evaporation, and the film forming and/or polymeric material forms a shell of said carrier
beads. If the additive, for example a plasticizer is present, the additive and the film forming
and/or polymeric material is applied simultaneously. In some embodiments, the additive is

applied separately, in a preceding and/or subsequent, separate process step.

According to an embodiment, the carrier beads are suspended in an air stream or in an air
bed during when applying, in particular atomizing a solution, dispersion and/or emulsion
comprising a film forming and/or polymeric material and a solvent onto said solid carrier

beads.

In some embodiments, the step of encapsulating said carrier beads with an appropriate film
forming and/or polymeric material comprises suspending the carrier beads in a flow, swirl
and/or spout of air and contacting the suspended carrier beads with a solution, dispersion
and/or emulsion comprising said film forming and/or polymeric material. For example, said
solution, dispersion and/or emulsion may be sprayed onto said suspended carrier beads.
Preferably, a solvent of said solution, dispersion and/or emulsion is removed, for example by
evaporation, resulting in deposition of the film forming and/or polymeric material on the

carrier beads. In this manner, the precursor or carrier core-shell capsules may be obtained.

According to a preferred embodiment, the step of encapsulating said carrier beads with an
appropriate film forming and/or polymeric material, an, optionally, an additive, such as a
plasticizer, comprises the step of coating said carrier core. For example, the coating may be
performed by any one selected from the group consisting of a fluidized bed, a drum coater
and a Lodige coater. If a coating technique is used for preparing said shell and/or

encapsulating said core beads, said coating may be a first coating, and any one of the
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methods of the invention may comprise a step of applying a second coating, for example in
order to change (in particular reduce) the permeability or diffusion characteristics of the

shell, as is specified elsewhere in this specification.

Fluidized bed coating encompasses, for the purpose of this specification, swirled bed coating
and/or spouted bed coating, during which the carrier beads to be coated are suspended in

and/or air as in classical fluidized bed coating.

According to an embodiment, the method of the invention and in particular said the step of
encapsulating said carrier beads with an appropriate film forming and/or polymeric material
does not comprise the step of cross-linking. Preferably, the method and/or said step of
encapsulating does not comprise the step of cross-linking proteins, in particular gelatin,
and/or other film forming and/or polymeric materials. Preferably, said step of encapsulating
does not comprise the step of cross-linking proteins, in particular gelatin, with

polysaccharides, in particular gum arabic, alginate and/or pectin, for example.

Preferably, the shell and/or innermost layer of the core-shell capsules of the invention is
substantially free of cross-linked protein, in particular gelatin, and/or substantially free cross-
linked film forming and/or polymeric materials in general, such as gelatin cross-linked with

polysaccharides, such as gum arabic and/or alginate.

According to an embodiment, the method of the invention and in particular said the step of
encapsulating said carrier beads with an appropriate film forming and/or polymeric material
does not comprise a step of wall-hardening and/or cross-linking as found in coacervation, in
particular complex coacervation. Preferably, the method of the invention and in particular
said step of encapsulating is free of any step of adding cross linking agents, such as
glutaraldehyde, formaldehyde, transglutaminase, cross-linking plant extracts such as tannins
or genipin, CAS no. 692-77-8, for example. According to an embodiment, the capsules of
the invention are substantially free of a cross linking agents, such as glutaraldehyde,
formaldehyde, transglutaminase, cross-linking plant extracts such as tannins or genipin, CAS
no. 692-77-8, for example. Substantially free means that the capsules preferably comprise
< 10wt.%, more preferably <5wt.%, even more preferably <4wt.%, <3wt.%, <2wt.%,
< 1wt.%, <0.5wt.%, < 0.2wt.%, < 0.1wt.%, of a cross-linking agent, such as those specified

above. Preferably, the capsules of the invention are totally free of a cross-linking agent, such
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as those specified above.

According to an embodiment, the method of the invention and in particular said the step of
encapsulating said carrier beads with an appropriate film forming and/or polymeric material

does not comprise a step of oxidative wall-hardening and/or cross-linking.

While the invention preferably excludes any step of cross-linking as found in coacervation,
in particular in complex coacervation, the invention may encompass wall-hardening and/or

cross-linking, such as, for example, by exposure to UV.

Preferably, the shell, the entire multilayer shell and/or the innermost layer of the core-shell
capsules of the invention comprises less than 60 wt.%, less than 50 wt.%, preferably less
than 40 wt.%, more preferably less than 30 wt.%, even more preferably less than 20 wt.%,
and most preferably less than 10 wt.% of cross-linked protein and/or cross-linked film
forming and/or polymeric materials, in particular gum arabic and/or alginate. Preferably, the
shell, the entire multilayer shell and/or the innermost layer of the core-shell capsules of the
invention comprises less than 8 wt.%, preferably less than 5 wt.% of one or more selected
from cross-linked protein, in particular cross-linked gelatin, and/or cross-linked film forming

and/or polymeric material in general.

According to an embodiment, the step of encapsulating said carrier beads with an
appropriate film forming and/or polymeric material does not comprise and/or excludes a step
of coacervation. The step of coating the core-shell capsules preferably does not comprise

and/or excludes a step of coacervation.

According to an embodiment, the precursor or carrier core-shell capsules are not obtained by
coacervation. Preferably, the core-shell capsules are not obtained by coacervation and are

free of any step of coacervate.

Diffusion characteristics and/or permeability of the shell are closely related to the
characteristics of pore size, pore morphology and pore distribution of the micro spherical
membranes. As mentioned above, also membrane thickness may play role in the flow into
and/or out of the capsules. These parameters should be kept in mind and/or should be

determined or tested, in order to provide a shell that can be used for the purpose of the
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present invention.

The membrane or shell thickness is preferably adjusted so as to achieve the permeability
and/or diffusion characteristics as desired with respect to the invention, in particular as
required for the step of exposure to the solubilizing medium, where the carrier core should
move to the outside of the capsule. The permeability generally depends on the thickness of
the shell, and more specifically decreases with increasing thickness. The skilled person will
preferably adjust the thickness of the shell so as to optimize diffusion characteristics,

preferably also with regard to the material (active agent) to be encapsulated.

In accordance with the invention, the weight ratio between said carrier core and said shell of
said carrier core shell capsules is in the range of 1-40 wt.% shell and 60-99 wt.% core
material, preferably 2-30 wt.% shell and 70-98 wt.% core material, more preferably 3-25
wt.% shell and 75-97 wt.% core material, even more preferably 5-20 wt.% shell and 80-
95 wt.% core material, and most preferably 8-15 wt.% shell and 85-92 wt.% core material,
for example about 10 wt.% shell material. These weight ratios may also apply to the final
capsules comprising an active agent, if applicable, as disclosed further below, possibly after
a second coating step. In this case, the weight of the carrier core is simply replaced by the

mass of the core comprising the active agent.

According to an embodiment, the shell of the carrier core-shell capsules and/or precursor
core shell capsules comprises pores, optionally after further processing of the capsules

obtained after encapsulating said carrier beads.

According to an embodiment, the shell of the carrier core-shell capsules and/or precursor
core shell capsules is semi-permeable, optionally after further processing of the capsules

obtained after encapsulating said carrier beads.

According to an embodiment, the shell of the carrier core-shell capsules and/or precursor
core shell capsules has or is further processed to have membrane characteristics allowing for
diffusion and/or osmosis of said solubilizing medium and/or of a liquefied and/or dissolved

carrier material through said shell.

In case a particular processing step is required in order to render the shell permeable and/or
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porous as specified above, such a step may comprise a physical and/or a chemical treatment
that brings about said permeability. For example, the carrier core-shell capsules may be
exposed to a solution that is corrosive to the shell, resulting in pore formation or increase of
permeability after a given time of exposure, for example. For example, a solution having a
particular pH may be used to provide the necessary diffusion/permeability characteristics of
the shell. Generally, physical and/or a chemical treatment that may be used include the
exposure to pressure, to a change of temperature (increased and/or lowered temperatures), a

change of pH, and/or combinations of two or more of these, for example.

As will be specified further below, the methods of invention may comprise a further, e.g.
later step of chemically and/or physically treating the capsules to affect the diffusion and/or
permeability properties of the capsules, but with the opposed goal, in particular, in order to
decrease diffusion through the shell and/or permeability. In case there are two steps of
physical and/or chemical treatment to modify the membrane permeability properties, the step
for increasing diffusion/permeability may be a first step of chemically and/or physically
treating or processing said shell, and said later step of decreasing said membrane
diffusion/permeability properties may be a second, different step of chemically and/or

physically treating or processing said shell.

Preferably, at this stage, optionally after said further processing step, the membrane
characteristics of the shell of said carrier core shell capsules are such that said shell is
permeable to at least the carrier material, optionally after solubilizing or suspending the
carrier material. Preferably, the membrane characteristics of the shell at this stage are such
that the shell is permeable to an active agent, which is to be encapsulated or which may be

present in the capsules at this stage already.

Preferably, the membrane of said carrier core shell capsules has or is processed to have
properties that optimize and/or favor the diffusion of the active agent into the capsules
and/or the diffusion of a solubilized (for example melted or dissolved) and/or suspended
carrier material from the inside to the outside of the capsules, in particular under conditions

as specified below.

According to an embodiment, the methods of the invention may comprise the step of

exposing said precursor core-shell capsules to conditions that result in the diffusion and/or
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osmosis of at least part of the carrier core through the shell to the outside of the shell. For

example, these conditions may be provided by a medium.

The invention takes into consideration that optimal pore characteristics for diffusion out of
the microcapsule may be different from the characteristics favouring the diffusion into the

microcapsule.

According to an embodiment, the methods of the invention may comprise the step of
exposing said carrier core-shell capsules to a solubilizing medium, preferably a liquid

medium.

Preferably, said carrier material is soluble or dispersible in said medium, whether the

medium is liquid or gaseous, for example.

According to an embodiment, said carrier material of said carrier beads, said active agent
and said (preferably liquid) solubilizing medium are selected so that said carrier material and
said separate active agent, if present, are both soluble or dispersible in said medium,
optionally following chemical and/or physical treatment of said medium. For example, the
solubilizing medium may be provided at a temperature that is above the melting point of said
carrier material. In this manner, the carrier material is exposed to said temperature when said
carrier core-shell capsules are exposed to said medium. Preferably, said medium is liquid at

said temperature.

According to an embodiment, said active agent and/or said carrier material are soluble
and/or dispersible in liquid water, optionally following heating said water to a temperature of

up to 100°C, preferably up to 90°C, more preferably up to 70°C, most preferably up to 60°C.

According to an embodiment, said solubilizing medium is liquid at a temperature of 70°C,
60°C, 50°C, 40°C, 30°C, preferably 25°C, more preferably 20°, 15°C, even more preferably
10°C, 5°C, 0°C, and most preferably at 0°C or possibly even at -5°C, for example.

According to an embodiment, said medium is a liquid medium selected from the group
consisting of an aqueous solution, an alcohol-containing solution, a hydrophobic solvent,

oils, and mixtures comprising one or more of the aforementioned.
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The liquid medium may also be an emulsion, for example an oil-in-water emulsion, wherein

the oil comprises a hydrophobic active agent.

An exemplary way of exposing said carrier core-shell capsules so a solubilizing medium
comprises placing the carrier core-shell capsules inside a bath comprising said liquid
medium. The carrier core shell capsules may simply be transferred, for example dropped into

said liquid medium.

Preferably, during said step of exposing said carrier-core shell capsules to a liquid medium, a
substantial part of said carrier material is liquefied, for example dissolved, melted and/or

suspended.

Preferably, during said step of exposing said carrier-core shell capsules to said solubilizing
medium, said carrier material diffuses through said shell to the outside of said capsules.
Preferably, the liquid or solubilizing medium may diffuse through said shell into the
capsules. If an active agent was added to the medium, said active agent preferably diffuses
into the capsules together with said liquid medium. In particular, said medium may
comprise, consist essentially of or consist of said active agent. For example, said liquid
medium may be an essence, an essential oil, an extract, for example a plant extract, water, or

any other type of liquid active agent.

Preferably, said carrier core-shell capsules are exposed to said solubilizing medium for a
time that is sufficient to allow for diffusion or osmosis of a substantial part of said carrier

material through said shell to the outside of said shell.

Preferably, said carrier core-shell capsules are exposed to said liquid and/or solubilizing
medium for a duration sufficient to at least partially replace said carrier core of said core-
shell capsules by said liquid medium, thereby obtaining core-shell capsules with a liquid
core comprising said liquid medium. During this step, a substantial part of said carrier
material moves by diffusion and/or osmosis through said shell to the outside of said shell.
For example, more than 10 wt.%, preferably more than 20 wt.%, more preferably more than
30 wt.%, and most preferably more than 40 wt.%, of said carrier material moves out of said

carrier-core shell capsules.
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According to some embodiments, more than 50 wt.%, more preferably more than 60 wt.%,
most preferably 70 wt.% or more of said carrier material moves out of said carrier-core shell
capsules. While it is preferred that essentially all of the carrier material (up to 100 wt.%) is
removed from the inside of the capsules, it is generally observed that small or residual

amounts of the carrier material remain within the capsules.

The solubilizing medium, optionally comprising an active agent, may move, for example
diffuse to the inside of the shell at the same time while said carrier material is moving from
the inside to the outside of said shell. In this event, a diffusional exchange occurs through the
membrane of said shell of said carrier core-shell capsules. In other words, at least a partial
replacement of the carrier material by said solubilizing medium and/or said active agent

takes place.

In accordance with the above said, in an aspect or an embodiment, the methods of the
invention may be directed to methods of encapsulation and/or methods of providing core-

shell capsules having an active ingredient by counter-current flow diffusion.

Alternatively, it is envisaged that the carrier material moves and/or diffuses outside in a first
step, and said solubilizing medium and/or an active agent moves and/or diffuses to the inside
of the shell in a subsequent, separate step. It is also envisaged that a separate step is provided
specifically for letting the active agent, or a solution or dispersion containing it, into the
shell, following a preceding step in which the carrier material was removed from the carrier

core-shell capsules.

Furthermore, the invention also encompasses the embodiment that the active agent is present
together with said carrier core and that during exposure to the solubilizing medium only or
substantially only the carrier material diffuses out of the capsule shell, while the active agent

is retained within the shell.

By exposure of the carrier-core shell capsules to the solubilizing medium, and/or to a
medium comprising an active agent, core-shell capsules comprising a liquid core and/or an

active agent are preferably obtained.
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In an embodiment, the methods of the invention comprise a step of removing said core-shell
capsules with a liquid core, for example as obtained in the preceding step, from said
solubilizing and/or liquid medium. Conveniently, said capsules may be separated by

filtration, for example.

According to an embodiment, the methods of the invention comprise a step of removing
residual liquid and/or solubilizing medium and active agent, if applicable, from the surface

of said core-shell capsules.

It is also possible to dry the surface of the core-shell capsules as obtained following the
exposure to the medium and/or following the above, optional washing step. Preferably, said
core-shell capsules are dried with air or a gas having an appropriate temperature, for
example in an air and/or gas stream. Alternatively, or in addition, residual medium or solvent
may be removed from the surface of said core-shall capsules with the aid of an appropriate

absorbing medium, such silicate powder, for example.

While the capsules obtained above will be useful in many applications, the invention
encompasses ways of further processing said capsules, in particular in order to adjust or

modify the release characteristics and to control the release.

According to an embodiment, the methods of the invention may comprise the step of
chemically and/or physically treating or processing said shell of said core-shell capsules
comprising an active agent so as to modify the diffusion properties through the shell of said
core shell capsules. If the method of the invention comprises a previous, first step of
chemical and/or physical treatment, the present step is preferably a second step of chemical
and/or physical treatment. This time, the capsules comprise an active agent and the carrier

core has been substantially removed.

Accordingly, the methods of the invention preferably comprise the step of exposing said
core-shell capsules to conditions resulting in the change of the diffusion characteristics of the
shell of the capsules obtained in the preceding step, so as to reduce the capacity of the active
agent to diffuse through said shell and/or to the outside of the capsules, once at least part of

the carrier core has been moved out of said shell.
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Preferably, the treatment and/or processing of this step results in a reduction of permeability
of the membrane of the shell. Preferably, this treatment results in a better retention of the

core comprising the active agent within the shell.

Chemical and/or physical treatment for modifying permeability and/or diffusion
characteristics of the shell include, for example, exposure to a change of temperatures
(exposure to a higher and/or a lower temperature), exposure to pressure, exposure to a pH

change, and or applying a coating onto the core-shell capsules.

The methods of the invention may comprise the step of applying a coating on said core-shell
capsules comprising an active agent. This step is thus preferably conducted following the
step of exposing the cells to said liquid and/or solubilizing medium, optionally after an
intermediate washing step. At this stage, the core shell capsules already comprise, in their

core, the active agent and the carrier core has been substantially removed.

In case the step of encapsulating said carrier beads involved a coating step, the step of
coating said present core-shell capsules comprising the active agent may be referred to as a

second coating, while the former coating may be referred to as a first coating.

As the skilled person will understand, if a first and a second coating were applied, said
capsules will have a multi-layer shell. The shell of the capsules of the invention may
comprise only one (no second coating), two, three, four or even more layers. Preferably, the

multi-layer shell core-shell capsules comprise two or three layers in the shell.

According to an embodiment, the coating or shell of the capsules of the invention comprises
less than 10% by weight of protein, said 10% referring to the weight of the coating/shell.
More preferably, said coating comprises less than 5% and even more preferably less than 3%
by weight of protein, most preferably said coating is substantially free of protein. This
applies preferably to the first coating if there are more than one coatings. In another
embodiment, the maximum amount or absence of protein refers to any layer/coating. In an
embodiment, the maximum amount or absence of protein refers to the entire coating if there

are more than one coatings/layers.

According to an embodiment, the shell or coating of the capsules of the invention comprises
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less than 10% by weight of gelatin, said 10% referring to the weight of the coating/shell.
More preferably, said coating comprises less than 5% and even more preferably less than 3%
by weight of gelatin, most preferably said coating is substantially free of gelatin. This
applies preferably to the first coating/layer if there are more than one layers. In another
embodiment, the maximum amount or absence of gelatin refers to any layer. In an
embodiment, the maximum amount or absence of gelatin refers to the entire coating if there

are more than one coatings/layers.

Said chemical and/or physical treatment, for example said coating, results in a change of the
pore and/or permeability characteristics and in particular improves the retention of the active

agent inside the capsules.

Preferably, if a (second) coating is performed, such coating may be made by way of any
suitable film-forming and/or polymeric material. Exemplary film-forming and/or polymeric
materials are specified elsewhere in this specification, for example with respect to the first
coating, in particular the preparation of the first and/or innermost shell. Also in the second or
further coating, one or more additives, for example plasticizers may be present. Preferably, a

plasticizer is used.

One or more plasticizer may be present in the shell and/or the inner or first layer, which is
applied on the carrier beads by coating, for example. One or more plasticizers may be

present in the second or any further coating or layer.

According to a preferred embodiment, one or more additives, for example a plasticizers, may
be used to and/or assist in impermeabilization of the shell of the capsules of the invention. In
these embodiments, one or more additives, for example plasticizers, are present in a second
or subsequent layer/coating, but are preferably not or to a lesser extent present in the
innermost and/or first layer/coating. The additives of this embodiment are preferably capable
of limiting or reducing diffusion of the liquid core (solubilizing medium and/or active agent)
to the outside of the capsules. The additives are preferably used to render the capsules less

permeable and/or transmissible.

According to an embodiment, the additive, for example the plasticizer is not a film-forming

and/or polymeric material. In some other embodiments, the additive, for example the
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plasticizer may also be a film-forming and/or polymeric material. In some embodiments, the
the additive, in particular the plasticizer is not and/or is different from cellulose and/or a
cellulose and derivatives of cellulose, such as cellulose acetate, cellulose triacetate, or a
derivative of cellulose acetate and cellulose triacetate, such cellulose acetate phthalate, for

example.

According to an embodiment, the innermost or first layer and/or coating comprises less than
40wt.% of additives, for example plasticizers, said percentage referring to the weight of the
innermost or first layer and/or coating. Preferably, the innermost or first layer and/or coating
comprises less than 30wt.%, less than 20 wt.%, less than 10wt.%, less than Swt.% and most
preferably less than 3 et.% of additives, in particular plasticizers. According to an
embodiment, the innermost or first layer and/or coating is substantially or totally free of

additives, in particular plasticizers.

According to another embodiment, the innermost or first layer and/or coating comprises at
least 1 wt.%, preferably at least 2 wt.% more preferably at least 5 wt.% and most preferably
at least 10 wt.% of one or more additives, in particular plasticizers, said percentage referring

to the weight of the entire innermost layer/coating.

According to an embodiment, the second and/or any further layer (other than the first layer)
comprises, in percent by weight, more additive material, in particular plasticizer, than the
innermost and/or first layer/coating. According to a preferred embodiment, the innermost or
first layer is substantially free of an additive, in particular plasticizer, and the second, further
and/or any other layer comprises at least 1 wt.%, preferably at least 3 wt.%, more preferably
at least 5 wt.%, even more preferably at least 8 wt.% and most preferably at least 10wt.% of
one or more additives, plasticizers, said percentage referring to the weight of the layer

containing the plasticizer.

Preferably, a layer other than the first and/or innermost layer comprises more than 15 wt.%,
preferably at least 20 wt.%, more preferably more than 25 wt.%, even more preferably at
least 30 wt.% and most preferably at least 35 wt.% of one or more additives, in particular
plasticizers. For example, a layer other than the first and/or innermost layer comprises more
than 40 wt.%, for example more than 45 et.% of one or more additives, in particular

plasticizers.
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A more detailed understanding of plasticizers is given in the "Handbook of Plasticizers" of
George Wypych, William Andrew publishing and ChemTec Publishing defines and
classifies plasticizers, 2004. In this book, plasticizers are defined and classified, mechanisms
of action are given and specific plasticizers are discussed. A detailed discussion of

plasticizer function would go beyond this specification.

For the purpose of the present specification, "water" is not considered as a plasticizer or is
excluded from the definition of plasticizers. In as far as residual water can be considered as
being a "plasticizer”, any layer/coating may comprise at least one or more plasticizers in

addition to water, as in accordance with the embodiments specified in this specifications.

According to an embodiment, the at least one plasticizer is selected from the group of
liposoluble and watersoluble plasticizers, in particular from the liposoluble and watersoluble

plasticizers specified elsewhere in this specification.

According to an embodiment, said (liposoluble) plasticizer is selected from the group of
triacetin, dibutyl phthalate, dibutyl sebacate, diethyl phthalate, dimethyl phthalate,
acetyltributyl citrate, acetyltriethyl citrate, diacetylated monoglycerides, dibutyl sebacate,
mineral oil, benzyl benzoate, chlorbutanol, glycerin monostearate, lanolin alcohols, cellulose

acetate phthalate compatible.

According to an embodiment, said (water soluble) plasticizer is selected from the group of

polyvinylpyrrolidone (PVP) and polyvinyl alcohol (PVA).

According to an embodiment, said plasticizer and/or additive is further selected from triethyl

citrate, triacetin, benzyl benzoate, dibutyl phthalate, and 2,5-dimethylpyrazin.

In some embodiments of the capsule of the invention, the capsule comprises 0.1 to 30 wt.%,
preferably 0.5 wt.% to 20 wt.%, more preferably 1 wt.% to 15 wt.% and most preferably
2 wt. % to 10 wt % of an additive, particular a plasticizer. For example, the capsule of the

invention comprises 4 to 8 wt.% of an additive, in particular a plasticizer.

According to an embodiment, said capsules are coated with a substance comprising,
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consisting essentially of or consisting of a lipid, for example a wax and/or a fat, a lacquer,
and/or any other film-forming and/or polymeric material, such as cellulose acetate, cellulose

acetate phthalate, for example.

Examples of waxes are carnauba wax, bees wax, castor wax, candellila wax, paraffin wax.
Examples of other lipids are hydrogenated and/or fractionated oil, such as hydrogenated
and/or fractionated soybean or palm oil, mono glycerides, diglycerides, acetic acid esters,
datem, ascorbyl palmitate, calcium stearate, magnesium stearate, and potassium stearate, for

example.

The material of the second coating, second or subsequent layer, for example, may be chosen
in dependence of the desired release characteristics. The stability, integrity and/or
susceptibility of the second or subsequent coating/layer determine the retention and/or the
release of the active agent from the core, and may be selected accordingly. If release is to
take place only after mechanical damage of the capsule, the material for the second or
subsequent coating/layer is preferably selected so as to be relatively stable relatively with
respect to fluctuations of environmental parameters, such as the temperature, pH, for
example. In addition, in this case the capsule material may be rigid, resisting little or not at

all to mechanical constraints and/or pressure.

According to an embodiment, the material of the coating or second coating or layer can be
selected in dependence of its melting temperature. In this manner, the release of the core
from the capsules can be adjusted or controlled so as to be dependent of the temperature in
the environment of the capsules. The capsule may be prepared so as to release its content
from the core by change of temperature of the environment, when the wax coating melts

away the shell structure becomes permeable again, for example.

Alternatively, or in addition, when a change in the chemical environment occurs, such as a
pH change, this may result in a weakening of the shell integrity in dependence of the
material that was selected for said (second) coating. An example is an encapsulated
surfactant coated with cellulose acetate, for example as a second coating, exposed to an acid
environment. Under such an environment, the second layer will be destroyed and the content

of the capsule released.
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Said first and second coatings or layers of the core shell capsules of the invention may be

made from the same or different layers.

The invention relates to capsules that are obtainable by any one of the methods of the

invention.

According to an embodiment, the invention provides a core-shell capsule comprising a core
comprising an active agent, wherein at least part of said core and/or said active agent has
properties of or comprises a liquid and/or at least part of said core and/or said active agent,
respectively is a liquid at 60°C, preferably at 50°C, more preferably at 40°C, even more
preferably at 35°C, most preferably at 30°C, for example at room temperatures (25°C), or at
even lower temperatures, preferably 22°C, 20°C, 15°C, 15°C, 10°C and 5°C.

According to a preferred embodiment, at least a part of said core and/or said active agent has
the properties of a liquid or comprises a liquid. Preferably, substances that comprise a liquid
encompass compositions that comprise different substances which are present in different
conditions of aggregation, respectively, at least one substance being present in the form of a

liquid. For example, a gel is considered to be a liquid that is mixed with a solid.

Examples of substances of matter that comprise a liquid and that may function as an active
agent and/or core of the capsules of the invention are a gel, a wet spongy structure, a

suspension, an emulsion, a dispersion, a colloid, an aerosol, and a foam.

Substances that have properties of a liquid, including liquids, are substances that do not
resist strongly to a change of form, but which generally resist to exposure of pressure.
Liquids can preferably hardly be compressed. According to a general definition, a liquid is a
form of matter with a definite volume but no fixed shape. Examples of substances of matters
that are not strictly liquids but which have properties of a liquid and which may be used as at
least part of the core and/or active agent in the capsules of the invention may be selected
from semi-solids, such as liquid crystals and plastic crystals. Semi-solids, or quasi-solids are

also known as amorphous liquids.

According to an embodiment, a liquid, and a substance having the properties of a liquid

(such as semi-solids) is a substance having a viscosity in the range of 0.005 to 15'000
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centipoises at 60°C, preferably at 50°C, more preferably at 40°C, even more preferably at

35°C, most preferably at 30°C, for example at room temperatures (25°C), or at even lower

temperatures, preferably 22°C, 20°C, 15°C, 15°C, 10°C and 5°C.

According to an embodiment, a liquid, and a substance having the properties of a liquid
(such as semi-solids) is a substance having a viscosity in the range of 0.005 to 3'000
centipoises at 60°C, preferably at 50°C, more preferably at 40°C, even more preferably at
35°C, most preferably at 30°C, for example at room temperatures (25°C), or at even lower

temperatures, preferably 22°C, 20°C, 15°C, 15°C, 10°C and 5°C.

According to an embodiment, a liquid, and a substance having the properties of a liquid
(such as semi-solids) is a substance having a viscosity in the range of 0.005 to 1'000
centipoises at 60°C, preferably at 50°C, more preferably at 40°C, even more preferably at
35°C, most preferably at 30°C, for example at room temperatures (25°C), or at even lower

temperatures, preferably 22°C, 20°C, 15°C, 15°C, 10°C and 5°C.

According to an embodiment, a liquid, and a substance having the properties of a liquid
(such as semi-solids) is a substance having a viscosity in the range of 0.005 to 500
centipoises at 60°C, preferably at 50°C, more preferably at 40°C, even more preferably at
35°C, most preferably at 30°C, for example at room temperatures (25°C), or at even lower

temperatures, preferably 22°C, 20°C, 15°C, 15°C, 10°C and 5°C.

According to an embodiment, a liquid, and a substance having the properties of a liquid
(such as semi-solids) is a substance having a viscosity in the range of 0.005 to 200
centipoises at 60°C, preferably at 50°C, more preferably at 40°C, even more preferably at
35°C, most preferably at 30°C, for example at room temperatures (25°C), or at even lower

temperatures, preferably 22°C, 20°C, 15°C, 15°C, 10°C and 5°C.

Viscosity is preferably determined using a Brookfield DV-II+ viscometer on 0.50 mL of
sample at a temperature as specified above, (e.g. 60°C, 50°C, 40°C, 35°C, 30°C, 22°C,
20°C, 15°C, 15°C, 10°C, 5°C, preferably 25°C, as applicable).

According to an embodiment, in the above viscosity ranges expressed in centipoises, the

value of 0.005 is replaced by 0.899 centipoises, which is the viscosity of water.
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Preferably, at least part of said core, more preferably at least S0wt.%, more preferably at
least 60wt.% and most preferably at least 70wt.%, 80wt.% and 90wt.% of said core remains
liquid and/or keeps the liquid properties during a shelf life of three months when stored at
25°C and at a relative humidity of 50%.

Preferably, at least part of said core, more preferably at least S0wt.%, more preferably at
least 60wt.% and most preferably at least 70wt.%, 80wt.% and 90wt.% of said core remains
liquid and/or keeps the liquid properties during a shelf life of six months when stored at

25°C and at a relative humidity of 50%.

Preferably, at least part of said core, more preferably at least S0wt.%, more preferably at
least 60wt.% and most preferably at least 70wt.%, 80wt.% and 90wt.% of said core remains
liquid and/or keeps the liquid properties during a shelf life of nine months when stored at

25°C and at a relative humidity of 50%.

According to an embodiment, the core of said core-shell capsules comprises residual and
detectable amounts of said carrier material. For example, if said carrier material is PEG, said

core comprises residual PEG, in particular besides said active agent.

According to an embodiment, the shell of said core-shell capsules comprises cellulose
acetate and/or a derivative thereof, such as cellulose acetate phthalate, for example. Other

shell materials are mentioned elsewhere in this specification.

According to an embodiment, the shell of said core-shell capsules is multi-layered,
comprising at least two, at least three or more distinguishable layers. Said different layers
may comprise and/or consist of different materials and/or different compositions. For

example, said shell may comprise one or more coatings.

According to an embodiment, the core-shell capsules of the invention are substantially
impermeable to water. According to an embodiment, the core of the core-shell capsules of
the invention comprises water. According to an embodiment, the capsules of the invention
are impermeable to water, so that, when stored for 1 month at 25°C at a relative humidity

(rH) of 75%, at least some of the water is retained in the core of the capsule. Preferably,
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under these conditions, at least 40wt.%, more preferably 50wt.%, even more preferably at
least 60 wt% and most preferably at least 70 wt.% of the water is retained in the core of the

capsule, compared to the start of said 1 month period and/or to the initial water content.

According to an embodiment, the above percentages with respect to water retention apply to
storage times of 2 months, preferably 3 months, more preferably 4 months and most

preferably 6 months at at 25°C at a relative humidity (rH) of 75%.

According to an embodiment, the core-shell capsules of the invention have a mean diameter
of 1 um to 1 cm, preferably 50 um to 9.5 mm, preferably 100 um to 9.5 mm, preferably
200 pm to 9.5 mm, more preferably 400 um to 9 mm, even more preferably 600 pum to
9 mm, and most preferably 800 um to 8.5 mm. According to a preferred embodiment, said
core-shell capsules have a mean diameter of 1 to 9 mm, 1.5 to 8.5 mm preferably 2 to 8§ mm,

more preferably 2.5 to 7.5 mm, most preferably 3 to 7 mm, and finally 3.5 to 6.5 mm.

Particles having an average size (diameter) of Ium up to 1 mm are generally referred to as
microcapsules. The invention thus relates to and encompasses microcapsules and methods of
their preparation. In addition, the invention also relates to capsules that have an average
diameter of more than 1 mm, in particular up to 3 cm, preferably up to 1 cm. One of the
advantages of the invention lies in the fact that capsules having a small diameter and
capsules having a relatively large diameter can be produced. The present, technology can be
used to produce a wide range of capsules sizes in accordance with the requirements and/or

preferences for a consumer end product.

Average capsule size may be determined by laser diffraction analysis, in particular as
specified in the international standard ISO 13320-1. Preferably, a Malver mastersizer 3000 is
used. This methodology is useful for determining average capsules sizes in the range of

0.2 um to 3.5 mm.
For larger diameters (>3.5 mm), average diameter can be determined by manually
measuring, if applicable using a microscope, a statistically representative sample of the

capsules. The average is the arithmetic mean for the purpose of this specification.

The micro- and larger capsules of the present invention can be used in a huge variety of



10

15

20

25

30

WO 2014/009370 PCT/EP2013/064487
30

applications, taking into account their possibility of selecting a desired size. For example, the
invention encompasses consumer end products selected from detergents, food products,
clothes, shoes, furniture, vehicles, cars, electronic devices, just to mention a few. The
invention encompasses a consumer end product comprising the capsules of the invention.
The invention also encompasses a part of a consumer end product comprising the capsules of

the invention.

According to an embodiment, the consumer product of the invention is not a tobacco
product. According to an embodiment, the consumer end product is not a smoking article.
According to an embodiment, the consumer end product is not a cigarette. According to an

embodiment, the consumer end product is not a smoke-less oral tobacco product.

In particular, the part of the consumer end product is not the filter and/or is not the rod of a

smoking article.

The invention provides a pharmaceutical product and pharmaceutical composition
comprising the capsules of the present invention. In particular, the active agent and/or the
liquid and/or solubilizing medium may comprise, consist essentially of or consist of a
pharmaceutically active agent, a medicament, for example. The pharmaceutical product
and/or composition of the invention may be an orally administered product. It may be a
tablet or pill comprising the capsule of the invention, for example. Alternatively, the

capsules of the invention may themselves be a pharmaceutical product and/or composition.

The present invention will now be illustrated by way of examples. These examples do not

limit the scope of this invention, which is defined by the appended claims.

Examples:

Example 1: Preparation of a support and active agent core

Polyethylene glycol (PEG) 2000 having a melting point of 45-50°C (Merck, Germany) was
melted and maintained at a temperature of 60-65°C. 15 wt.% of menthol oil is mixed with

the PEG.
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A cooling bath was prepared with sunflower oil and kept at 10-15°C. The PEG-menthol
mixture was extruded through a nozzle of 1400 um (Nisco, Zurich, Switzerland) and

dropped in a drop-wise manner in the cooling bath.

Beads with a diameter of 2-4 mm were harvested with a sieve from the cooling bath and

washed with acetone.

Example 2: Formation of a shell

15 g cellulose acetate (Sigma Aldrich, CAS no. 9004-35-7) was dissolved in 100 ml acetic
acid. Once the cellulose acetate was completely dissolved, 80ml isopropanol was added
progressively to the solution. Isopropanol was added to dilute the acidity of the acetic acid
solvent and to assist in coating/solvent evaporation. The beads with the core structure of
Example 1 were coated in a fluidized bed (MP-1, Aeromatic, Niro, Germany) by atomization

of the cellulose acetate solution, with a weight ratio of 90% beads to 10% cellulose acetate.

Example 3: Replacement of carrier substrate from core

The coated beads of Example 2 were put in a water bath of 70°C and kept therein until

liquefaction of the core and absorption of water in the core.

Example 4: Wax-sealing of the coated beads with liquid core

A part of the beads comprising a shell and a liquid core of Example 3 were coated with
castor wax in a fluidized bed (same apparatus as in Example 2), up to a weight ratio of 5%

wax and 95% beads.

Example 5: Cellulose acetate-sealing of the coated beads with liquid core

The remaining part of the beads of Example 3 were fluidized-bed coated with cellulose
acetate instead of wax. In particular, 15 g cellulose acetate is dissolved in 100 ml acetic acid.
Once the cellulose acetate is completely dissolved, 80ml isopropanol was added

progressively to the solution.
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The beads obtained in Examples 4 and 5 were stored for 6 months at 25°C at a relative
humidity (rH) of 70. Upon crashing individual beads, the liquid content of the beads was

released. The active agent of the beads remained liquid in the beads during the 6 months.

Example 6: Preparation of a support and active agent core

Polyethylene glycol mixture of (PEG) 3000 (melting point of 50-56°) and PEG 1500
(melting point 42-48) in 80/20 proportion was melted and maintained at a temperature of 65-
70°C. 15 wt.% of menthol oil was mixed with the PEG mixture. Beads with a diameter of 2-

4 mm were prepared and washed as disclosed in Example 1.

Example 7: Formation of a shell

15 g cellulose phthalate (cellulose acetate phthalate, Sigma Aldrich, CAS no. 9004-38-0)
was dissolved in 100 ml acetic acid. Once the cellulose acetate was completely dissolved,
80ml isopropanol was added progressively to the solution. The beads with the core structure
of Example 6 were coated in a fluidized bed by atomization of the cellulose phthalate

solution, with a weight ratio of 90% beads to 10% cellulose phthalate.

Example 8: Replacement of carrier substrate from core

The coated beads of Example 7 were put in a water bath of 70°C and kept therein until

liquefaction of the core and absorption of water in the core.

Example 9: Wax-sealing of the coated beads with liquid core

A part of the beads comprising a shell and a liquid core of Example 3 were coated with a
mixture of waxes in a fluidized bed, up to a weight ratio of 5% wax and 95% beads. The wax
mixture was composed of 33.3% bees wax, 33.3% castor wax and 33.3% carnauba wax,

which waxes were melted in a mixture and sprayed on the beads.

Example 10: Cellulose phthalate-sealing of the coated beads with liquid core

The remaining part of the beads of Example 8 were fluidized-bed coated with cellulose
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phthalate instead of wax. 15 g cellulose phthalate was dissolved in 100 ml acetic acid. Once
the cellulose phthalate was completely dissolved, 80 ml isopropanol was added

progressively to the solution.
The beads obtained in Examples 9 and 10 were stored for 6 months. Upon crashing
individual beads, the liquid content of the beads was released. The active agent of the beads

remained dispersed in the beads during the 6 months.

Example 11: Preparation of a support and active agent core

PEG 2000 (melting point of 45-50°C) is melted and maintained at a temperature of 60-65°C.

15 wt.% of encapsulated tea-tree oil in chitosan in solid form is mixed with the PEG.
A cooling bath is prepared with sunflower oil and kept at 10-15°C. The PEG-tea-tree
encaspulated mixture are extruded through a nozzle of 500 um and dropped in a drop-wise

manner into the cooling bath.

Beads with a diameter of 1-2 mm are harvested with a sieve from the cooling bath and

washed with acetone.

Example 12: Formation of a shell

The beads with the core structure of Example 11 are coated with a weight ratio of 90% beads

to 10% cellulose acetate exactly as disclosed in Example 2.

Example 13: Replacement of carrier substrate from core

The coated beads of Example 12 are put in a water bath of 70°C and kept therein until

liquefaction of the core and absorption of water into the core.

Example 14: Fat-sealing of the coated beads with liquid core

A part of the beads comprising a shell and a liquid core of Example 13 are coated with fat in

a fluidized bed, up to a weight ratio of 5% fat and 95% beads. The fat is Bergazid fat
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(C1852, from Berg and Schmidt, Hamburg, Germany), which is melted and sprayed on the
beads.

Example 15: Cellulose acetate-sealing of the coated beads with liquid core

The remaining part of the beads of Example 13 are fluidized-bed coated with cellulose

acetate as disclosed in Example 5.

The beads obtained in Examples 14 and 55 are stored for 6 month at 25 ° C at 70 % rH.
Upon crashing individual beads, the liquid content of the beads is released. The active agent
of the beads remains liquid in the beads for up to 6 months.

Example 16: Preparation of a support and active agent core

Polyethylene glycol mixture of (PEG) 3000 (melting point of 50-56°) and PEG 1500
(melting point 42-48) in 80/20 proportion is melted and maintained at a temperature of 65-
70°C. No active ingredient is added at this stage. Beads with a diameter of 2-4 mm are

prepared and washed as disclosed in Example 1.

Example 17: Formation of a shell

The beads with the core structure of Example 16 are coated in a fluidized bed with cellulose

phthalate as disclosed in Example 7.

Example 18: Replacement of carrier substrate from core

The coated beads of Example 17 are put in a emulsion bath of 60°C composed of water 90%
w/w, menthol oil 8%w/w, tween20 1.5% w/w, span 40 0.5% w/w and kept therein until

liquefaction of the core and absorption of the emulsion in the core.

Example 19: Wax-sealing of the coated beads with liquid core

A part of the beads comprising a shell and a liquid core of Example 18 are coated with a wax
mixture as used in Example 9 in a fluidized bed, up to a weight ratio of 5% wax and 95%

beads.
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Example 20: Cellulose phthalate-sealing of the coated beads with liquid core

The remaining part of the beads of Example 18 are fluidized-bed coated with cellulose

phthalate as disclosed in Example 10.
The beads obtained in Examples 19 and 20 are stored for 12 month at 70°HR, at room
temperature. Upon crashing individual beads, the liquid content of the beads is released. The

active agent of the beads remained dispersed in the beads during the storage time.

Example 21: Preparation of a support and active agent core

Beads with a diameter of 2-4 mm were prepared and washed as disclosed in Example 16.

Example 22: Formation of a shell

The beads with the core structure of Example 21 were fluidized bed coated with cellulose

phthalate solution as disclosed in Example 7.

Example 23: Replacement of carrier substrate from core

The coated beads of Example 22 were put in a flavor bath of 60°C composed of thyme
essential oil of and kept therein until liquefaction of the core and absorption of the flavor in

the core.

Example 24: Wax-sealing of the coated beads with liquid core

A part of the beads comprising a shell and a liquid core of Example 3 were coated with the

wax mixture disclosed in Example 9 in a fluidized bed.

Example 25: Cellulose phthalate-sealing of the coated beads with liquid core

The remaining part of the beads of Example 23 were fluidized-bed coated with cellulose

phthalate as disclosed in Example 10.
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The beads obtained in Examples 24 and 25 were stored for 12 month at 70°HR, at room
temperature. Upon crashing individual beads, the liquid content of the beads was released.

The active agent of the beads remained dispersed in the beads for up to 12 months.

Example 26: Preparation of a further support core

Polyethylene glycol (PEG) 3000 (Merck, Switzerland) and Polyethylene glycol (PEG) 400
(Merck, Switzerland) were mixed at a weight ratio of 85% to 15% to achieve a melting point
of 45-50°C. The mixture was melted and maintained at a temperature of 60-65°C. The
melted PEG was extruded into a cooling bath as described in Example 1 and beads with an
average diameter of 2-4 mm were harvested with a sieve from the cooling bath and washed

with acetone.

Example 27: Formation of a shell with cellulose acetate

The beads with the core structure of Example 26 were coated as described in Example 2

(weight ratio of 90% beads to 10% cellulose acetate).

Example 28: Formation of a different shell with cellulose triacetate

15 g cellulose triacetate (Sigma Aldrich, CAS no. 9012-09-3) was dissolved in 200 ml acetic
acid. Once the cellulose triacetate was completely dissolved, the beads with the core
structure of Example 26 were coated in a fluidized bed by atomization (see Example 2) of

the cellulose triacetate solution, with a weight ratio of 90% beads to 10% cellulose triacetate.

Example 29: Replacement of carrier substrate from core

The coated beads of Example 27 and 28 were put in a water bath at 35°C and kept therein
until liquefaction of the core and diffusion of water into the core. In this example, water

alone is used as the active agent.



10

15

20

WO 2014/009370 PCT/EP2013/064487
37

Examples 30 to 39: Sealing of core-shell capsules of Example 29

In a series of experiments, the liquid-core capsules of Example 29 (both types of coatings)
were subjected to a further treatment for sealing the shell and making it impermeable to the
water (the encapsulate) retained within the shell of the capsule. In these further examples,
the coating material, or a mixture of a coating material and an additives (plasticizers) were
dissolved in one or two solvents and the capsules of Example 29 were coated in a fluidized
bed (MP-1, Aeromatic, Niro, Swiss) by atomization. Table 1 below lists the details in terms

of sealing materials, additives, solvents used and quantity.

In these examples, the sealing provides a second coating and/or a further layer on the shell of

said core shell capsules.

Table 1: Solvents and coating materials for Examples 30 to 39

Ex. | Solv.1 | Coating Amount | Solv.2 | Additive Amount weight
no. (ml) material | mat. 1 (g) (ml) mat. 2 ratio®
30 100 A 15 80 - - 95:5
31 200 B 15 - - - 95:5
32 100 A 15 80 C 12.5 89:6:5
33 200 B 15 - C 12.5 89:6:5
34 100 A 15 80 D 12.5 89:6:5
35 200 B 15 - D 12.5 89:6:5
36 100 A 15 80 E 12.5 89:6:5
37 200 B 15 - E 12.5 89:6:5
38 100 A 15 80 F 12.5 89:6:5
39 200 B 15 - F 12.5 89:6:5

Solv. 1: acetic acid; Solv. 2: isopropanol; *weight ratio of: Core-shell capsules obtained in
Example 29: Coating material : Additive (Examples 32-39);
Coating materials: A = cellulose acetate; B = cellulose triacetate;

Additives: C = benzyl benzoate; D = triacetin; E = triethyl citrate; F = Dibutyl phthalate.

For instance, Example 33 was conducted as follows: 15 g cellulose triacetate was dissolved
in 200 ml acetic acid. Once completely dissolved, 12.5 g of benzyl benzoate additive was

added progressively to the solution. It is noted that cellulose triacetate is not compatible with
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isopropanol, which is why the dilution of acetic acid with isopropanol is not conducted in
these example. The liquid core-shell capsules of Example 29 were coated in a fluidized bed
by atomization of the cellulose triacetate solution, with a weight ratio of 89% core shell
capsules (Ex. 29), 6% cellulose triacetate and 5% of benzyl benzoate (11% of second

coating altogether).

In Examples 32, 34, 36 and 38, isopropanol was added progressively to the solution of the
first solvent and the coating material. Then, the additive was added to the solution
comprising the two solvents and the coating material dissolved therein. Then, the capsules of
Example 29 were coated using the mixture of solvents, coating material and additive as

described above. Example 30 is conducted as Example 2.

In Examples 30 to 39 sealed core-shell caspules or core-shell capsules comprising two
separate coatings (multi-layer core shell capsules) were obtained. The capsules were stored
for 6 months at 25°C at a relative humidity (rH) of 75%. Upon crushing individual capsules,
the liquid content of the beads was released. The water remained inside the beads during the

6 months.
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Claims

1.

A method of producing core-shell capsules, the method comprising the steps of:
preparing solid carrier beads from a carrier material,

encapsulating said solid carrier beads with an appropriate film forming and/or
polymeric material so as to obtain precursor or carrier core-shell capsules comprising
a carrier core;

exposing said carrier core-shell capsules to a liquid and/or solubilizing medium,
wherein said carrier material is soluble or dispersible in said medium and wherein at
least part of the carrier core diffuses through the shell to the outside of the shell, so as

to obtain said core-shell capsules.

A method of encapsulation, the method comprising the steps of:

preparing solid carrier beads from a carrier material,

encapsulating said solid carrier beads with an appropriate film forming and/or
polymeric material so as to obtain precursor or carrier core-shell capsules;

exposing said carrier core-shell capsules to a liquid and/or solubilizing medium,
wherein said carrier material is soluble or dispersible in said medium;

removing said capsules obtained in the preceding step from said medium, so as to

obtain core-shell capsules comprising a liquid core.

The method of any one of steps 1 and 2, wherein said medium and/or said carrier

material comprises an active agent.

The method of any one of the preceding claims, wherein said carrier material
comprises an active agent, and wherein at least some of said active agent remains
and/or is substantially retained in the capsules during the step of exposing said carrier

core-shell capsules to a liquid and/or solubilizing medium.

The method of any one of the preceding claims, wherein said step of encapsulating
said solid carrier beads is free of a step of coacervation and/or is substantially free of

a step of cross-linking gelatin.

The method of any one of the preceding claims, wherein said step of encapsulating

said solid carrier beads comprises the step of spraying and/or atomizing a solution
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comprising a film forming and/or polymeric material and a solvent onto said solid

carrier beads.

The method of any one of the preceding claims, wherein said step of encapsulating
said solid carrier beads comprises the step of exposing the solid carrier beads to a
solution comprising a solvent and at least one film forming and/or polymeric material
and removing said solvent, in particular evaporating said solvent so as to obtain said

precursor or carrier core-shell capsules.

The method of any one of the preceding claims, wherein the shell of said carrier core-
shell capsules has, and/or is further processed to have, membrane characteristics
allowing for diffusion and/or osmosis of said medium and/or of a liquefied, dissolved

and/or dispersed carrier material through said shell.

The method of any one of the preceding claims, wherein said film forming and/or
polymeric material forming said shell of said carrier-core shell capsules is a material

comprising pores and/or wherein said shell is semi-permeable.

The method of any one of the preceding claims, wherein said film-forming and/or
polymeric material is or comprises cellulose acetate, cellulose triacetate and/or a

derivative of any one of the aforementioned, such as cellulose acetate phthalate.

The method of any one of the preceding claims, further comprising the step of
chemically or physically treating or processing said shell of said core-shell capsules
comprising an active agent so as to modify the diffusion properties through the shell

of said core shell capsules.

The method of any one of the preceding claims, comprising the step of applying a
coating on said core-shell capsules, thereby obtaining core-shall capsules comprising

a multi-layered shell.

The method of any one of the preceding claims, wherein during said step of exposing
said carrier-core shell capsules to said liquid medium, said carrier material diffuses

through said shell to the outside of said capsules, and/or the liquid medium diffuses
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through said shell into the capsules.

The method of any one of the preceding claims, wherein said carrier material of said
carrier beads is selected from PEG, water soluble saccharides, in particular water

soluble mono-, di- , oligo- and polysaccharides.

The method of any one of the preceding claims, wherein said carrier material of said
carrier beads, said active agent, if present, and said liquid medium are selected so that
said carrier material and said active agent are both soluble and/or dispersible in said
liquid medium, optionally following chemical and/or physical treatment of said

liquid medium.

The method of any one of the preceding claims, wherein at least a part of the core of
said core-shell capsules comprises an active agent, which has properties of a liquid

and/or is a liquid, preferably at a temperature of 35°C, preferably at 25°C.

The method of any one of the preceding claims, wherein at least a part of the core of
said core-shell capsules comprises and/or has properties of a liquid and/or is a liquid,

preferably at a temperature of 35°C, preferably at 25°C.

The method of any one of the preceding claims, wherein an additive, in particular a

plasticizer, is present in the shell of said core-shell capsules.

The method of any one of the preceding claims, wherein said coating comprises an
additive, in particular a plasticizer, and/or wherein the multi-layered shell comprises

an additive, in particular a plasticizer.

Capsules obtainable by the method of any one of claims 1 to 19.

A capsule comprising a core at least part of which is liquid, comprises a liquid or has
properties of a liquid at 35°C, preferably at room temperature (25°C), and a shell,

said shell comprising cellulose acetate and/or a derivative thereof.

The capsule of claim 20 or 21, wherein said core comprises an active agent.

The capsule of claim 20 to 22, wherein said shell is coated.
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The capsule of claim 20 to 23, wherein said shell is multi-layered.

The capsules of claim 20 to 23, wherein said core further comprises residual PEG.

The capsules of any one of claims 1 to claim 25, having a mean diameter of 1 um to

1 cm.

The core-shell capsules of any one of claims 1 to claim 26, wherein said core

comprises water, and wherein said shell is substantially impermeable to water.

A consumer end product comprising the capsules of any one of claims 20-27.
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