006/091 081 A1 |1 0001 0 000 O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
31 August 2006 (31.08.2006)

lﬂb A 00 0 O O

(10) International Publication Number

WO 2006/091081 Al

(51) International Patent Classification:
B01J 13/02 (2006.01) A23L 3/00 (2006.01)

(21) International Application Number:
PCT/NL2006/000092

(22) International Filing Date:
22 February 2006 (22.02.2006)

(25) Filing Language: Dutch
(26) Publication Language: English
(30) Priority Data:

1028383 23 February 2005 (23.02.2005) NL

(71) Applicant (for all designated States except US): FRIES-
LAND BRANDS B.V. [NL/NL]; Blankenstein 142,
NL-7943 PE Meppel (NL).

(72) Inventor; and

(75) Inventor/Applicant (for US only): POORTINGA, Al-
bert Thijs [NL/NL]; Spadelaan 54, NL-7331 AL Apel-
doorn (NL).

(74) Agent: WINCKELS, J.ht.; C/o Vereenigde, Johan De
Wittlaan 7, NL-2517 JR The Hague (NL).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: MICROCAPSULES

o (57) Abstract: The invention relates to capsules, in particular to microcapsules which are suitable to be used in foods, and to
methods for the preparation of such capsules. The invention further relates to foods, in particular dairy, such as cheese, in which
such capsules have been processed. According to the invention, microcapsules are provided, comprising a capsule, which capsule

=

comprises gelled casein.



10

15

20

25

WO 2006/091081 PCT/NL2006/000092

Microcapsules

The invention relates to capsules, in particular to microcapsules
which are suitable to be used in foods, and to methods for the preparation of
such capsules. The invention further relates to foods, in particular dairy,
such as cheese, in which such capsules have been incorporated.

Use of (micro)capsules for, for instance, pharmaceutical purposes is
known per se. Also, microcapsules are used in the food industry, for instance
for adding fragrances or flavorings.

In general, encapsulation takes place by emulsifying the material to
be encapsulated (in liquid or solid form), or dispersing this material in an
aqueous solution of the capsule material. By manipulating the solubility for
the capsule material, for instance by adding particular ions, such as calcium
(WO-A-03/018186), or by adding materials which form a coacervate with the
already dissolved capsule material (EP-A-0 856 355), the capsule material
precipitates on the core. Another method is to add a cross-linker to the core
which cross-links dissolved capsule material on the core and thus makes it
precipitate. Another possibility to enable a capsule to be formed is to make
the solvent for the capsule material evaporate (US-A-5 601 760). In order to
gain more control of the capsule size, an oil-in-water-in-oil emulsion (o/w/o
emulsion) may also be made, with the primary emulsion containing the
substance to be encapsulated and the water phase containing the capsule
material. After cross-linking of the capsule material, the capsule can be
separated from the oil (WO-A-04/022 220). These methods can only be used
to encapsulate materials which are poorly soluble or insoluble in water or
aqueous solutions.

With the aid of a variant of the above method, aqueous solutions can

also be encapsulated. The aqueous solution is emulsified in a non-polar
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substance (the 'oil' phase). In a number of cases, the oil phase contains the
dissolved capsule material. A capsule can now be formed by evaporating‘the
oil phase (CA-A-2 126 685), or, for instance, by slowly dissolving water in
the oil phase, so that the oil-soluble capsule material precipitates
(US-A-2002/0 160 109). Another possibility is having a water-soluble and an
oil-soluble component react/complex in the water-oil interface, such as for
instance in CA-A-1 148 800.

Further, protein-based capsules are known from, for instance,
US-A-4 147 767, US-A-4 349 530 and GB-A-2 224 258. In all these
publications, a protein solution (with the substance to be encapsulated
added thereto) is emulsified in oil (with or without an emulsifier dissolved
therein), the proteins are cross-linked and the particles thus created are
separated from the oil, for instance by centrifuging, filtering, washing or a
combination of these processes. In order to bring about the cross-linking of
the proteins, heating takes place (US-A-4 147 7 67) or a cross-linker, such as
glutaraldehyde (US-A-4 349 530) or a carbodiimide (GB-A-2 224 258) is
added. These different manners of encapsulation have some drawbacks for
use in foods. Thus, heating usually leads to protein denaturation, which
usually causes undesired off-flavors. It is not allowed to use glutaraldehyde
in the preparation of foods.

The present invention contemplates providing (micro)capsules which
do not have the drawbacks of the capsules of the prior art. The present
invention further contemplates providing a product which can be added to
foods without any problems, for instance to specifically influence the
structure, the viscosity and/or the texture of the food.

It has been found that this can be realized by making capsules from
casein, which at least partly forms a network. Therefore, the present
invention relates to at least one microcapsule, comprising a capsule, which
capsule comprises gelled casein. "Gelled casein” is understood to mean that

the casein is enabled to form physical bonds and/or chemical bonds and thus
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form a network. Preferably, colloidal casein (calcium caseinate) is used,
because this gels well by means of coagulation. In the literature, no mention
has yet been made of capsules comprising gelled-out colloidal casein.

The formation of the casein network in the capsules according to the
invention is preferably carried out enzymatically, in particular by means of
coagulation (i.e. the gelling of casein by the enzyme chymosin). However,
the network may also be formed by acidifying the casein solution.

A suitable method for forming the capsules according to the invention
comprises the following steps:

- forming a solution of casein in a suitable solvent, in most cases
water. A suitable concentration for the casein is between 0.5 and 15 wt.%.
This solution is maintained at a low temperature, preferably lower than
15°C, more preferably 10°C or less. To the water, material to be
encapsulated can be added;

- then, at a low temperature, the gelling agent, preferably coagulant,
is added to this solution;

- the thus obtained solution is emulsified in a non-polar phase, in
most cases in an oil, for instance sunflower oil or olive oil. Preferably, edible
oils are used, but non-edible oils may optionally be used as well. However,
in principle, any liquid in which water can be emulsified is usable.
Preferably, for forming the emulsion, an emulsifier is used, such as
Span™85 or Span™80. The HLB number ("Hydrophile-Lipophile Balance",
as defined by W.C. Griffith in J. Soc. Cosmet. Chem., Vol. 1 (1949) 311) of
the emulsifier used should preferably be lower than 7.

- The emulsion is subjected to conditions in which the
network-forming reaction takes place, in most cases by heating, for instance
to a temperature of more than 25°C, more preferably to a temperature of
26-35°C, for instance approx. 30°C.

- Then the casein capsules thus formed in the oil phase and filled

with water (with or without a substance to be encapsulated therein) can be
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transferred to an aqueous solution. This can be done by laying the oil with
the casein capsules therein onto an aqueous solution. After some time, the
capsules sink from the oil phase to the water phase under the influence of
gravity. This process can be accelerated by centrifuging. The process can
also be accelerated by choosing conditions in which the action of the
emulsifier added to the oil phase is reduced or cancelled out. Examples
thereof are choosing the right temperature (usually a lowest possible
temperature) or adding an emulsifier with a high HLB number (higher

than 7), such as for instance TweenT™20, to the water phase on which the oil
phase lies.

For some applications, it is not necessary to separate the capsules
from the oil. The oil with the capsules therein can, for instance, be added
directly to oil-continuous systems, such as for instance butter. Another
option is again (mildly) emulsifying the oil with the casein capsules therein
in an aqueous phase. This results in an emulsion of oil droplets in water,
with the oil droplets being filled with the water trapped in the casein
capsules.

Use of casein is very advantageous with use of the capsules in cheese
because, in this case, use is made of a pure cheese-specific material.

In addition to the encapsulation use, the capsules can also be added
to foods to provide them with structure/viscosity.

The capsules according to the invention contain approx. 95 wt.% or
more water, preferably approx. 97 wt.% of water and approx. 3 wt.% of
casein.

The microcapsules according to the invention preferably have an
average diameter of between 0.1 and 1000 pm, more preferably between 1
and 500 pum, typically between 10 and 100 pm.

Use of the casein capsules according to the invention in, for instance,
foods, in particular in dairy, such as cheese, can yield a number of

advantages, such as for instance a considerable saving of materials.
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Cheese, for iﬁstance, normally contains 40 wt.% of water and 30 wt.%
of casein. Due to uses of the capsules according to the invention in cheese,
the water/casein ratio becomes 33 instead of 1.3 on the plate where the
capsule according to the invention ends up. In this manner, it is possible to
reduce the protein content of the cheese, with an increase of the moisture
content. Further, it is possible to replace a part of the amount of casein
normally used in cheese by water, because, due to their structure, the
capsules have a greater water-binding capacity than casein in a
conventional form. This enables an increase in the moisture content of the
cheese.

An important advantage of the capsules according to the invention as
an additive to cheese over conventional additives, such as for instance whey
protein-based or starch-based additives, is that casein is a "cheese-specific"
material. So, with addition of the capsules to cheese, no ingredients are
added to cheese which are not already normally present in cheese. Of
course, this also holds for the addition to other foods, in particular to dairy.
This means that adding the capsules need not lead to off-flavors.

A further advantage of the capsules according to the invention is that
the casein can be cross-linked, that is, gelled by means of coagulation.
Coagulation is a natural and food-grade manner of processing, unlike
adding glutaraldehyde-based cross-linkers, or other cross-linkers, as is
proposed in the prior art, and unlike making proteins cross-link by means of
heating, which can lead to protein denaturation, which may result in
undesired flavor changes.

Another advantage of the capsules according to the invention is that
they can disintegrate at a low pH, in particular at a very low pH as it is
prevalent in the stomach. This fact can be used, for instance by
encapsulating components with a bad taste, while these components can
subsequently still be digested well. Many of the capsules from the

above-mentioned prior art do not have this property.
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An interesting discovery was made when an attempt was made to
make the capsules without using an emulsifier in the oil phase. It has been
found that, in that case, aggregates of casein capsules are created in the oil.
When the oil is subsequently emulsified in water, then these aggregates go
over to the water phase, taking along the oil trapped among the aggregated
capsules. Thus, an oil-in-water emulsion is created in which the fat droplets
are filled with aggregated casein capsules. These emulsions can be used for
low-fat applications. Also, this emulsion is excellently suitable for
encapsulating water-soluble components in the casein capsules in the oil
droplets. In fact, the emulsion described is a so-called double emulsion.
Double emulsions of water-in-oil-in-water are known in the literature and
are used more often to encapsulate water-soluble components in the
innermost water phase. However, double emulsions known so far always
use oil-soluble emulsifiers. It is known that these emulsifiers can increase
the solubility in the oil of encapsulated material. As a result, encapsulated
material generally escapes quickly from the innermost water phase. The
double emulsion described herein will not have this drawback. In principle,
a same double emulsion can be realized with the aid of capsules which are
formed by cross-linked proteins other than casein. Therefore, the present
invention also relates to an oil-in-water emulsion, in which the oil droplets
are filled with capsules according to the invention, of which emulsion, the
oil phase is preferably at least substantially emulsifier -free. More
preferably, according to the invention, the oil phase is completely
emulsifier-free.

The invention will now be explained on the basis of examples. Unless

stated otherwise, all ratios are weight ratios.

Example 1
A solution of 1-5% of casein (casein obtained from milk by

microfiltration and spray-drying of the retentate) was prepared in water
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with a temperature of 10°C. Thereto, about 0.5 ml of coagulant/liter water
was added. The obtained casein solution was then dispersed in a weight
ratio of 1:5 in sunflower oil, to which 0.2% of Admul WOL™ emulsifier
(HLB value of about 1) had been added, utilizing a stirrer (Kinematica
Polytron PT3000, Switzerland). The oil was then heated to 30°C and
maintained at this temperature for 20 minutes. A part of the thus obtained
o/w emulsion was then poured onto a 1% aqueous solution of Tween™ 20 in
a tube and was then centrifuged for 15 minutes at 5000 g.

The same treatment was carried out with pure water, i.e. water to
which no Tween™ 20 had been added.

In both cases, the centrifuging step resulted in the transfer of an
important part of the water droplets surrounded by casein to the aqueous
phase. The thus obtained globules were dyed, utilizing Rhodamine B. Then,
the samples were examined with the aid of a confocal scanning laser
microscope (CSLM). The results of the Tween-free sample are shown in
Fig. 1. The scale of Fig. 1 is the same as the scale of Fig. 2. At the bottom
right in Fig. 2, a marking is shown which indicates a length of 80 pm.

It follows from Fig. 1 that the average diameter of the capsules was

approx. 30 pm.

Example 2

Example 1 was repeated, but now Span™ 85 was used as an
emulsifier. Span™ 85 is an oil-soluble emulsifier which is moderately
hydrophilic (the hydrophilic/lipophilic balance, HLB is 1.8). Due to the
higher HLB, the capsules could be transferred from the oil to the water
phase even easier than in Example 1 by laying the capsule-containing oil on
water. Under the influence of gravity, within an hour, the capsules largely
moved from the oil to the water phase. A CSLM image of the thus obtained

capsules is shown in Fig. 2.
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Example 3

Example 1 was repeated, but now no emulsifier was added to the oil
phase. After the heating step, the capsules were formed in the oil. Now, the
capsules were found to have formed aggregates in the oil. Now, the
(aggregates of) capsules were not separated from the oil, but the oil was
emulsified (in a weight ratio of 1 to 10) with the aid of a stirrer in water
with 0.5% of casein added thereto. A thus formed CSLM image of the oil
droplets in water is shown in Fig. 3. In this Figure, the oil phase colors
green, the protein phase red and the water phase black. Fig. 3 shows that
oil droplets have been formed which are again filled with (aggregated)

casein capsules.
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9
CLAIMS
1. A microcapsule comprising a capsule, which capsule comprises gelled
casein.
2. A microcapsule according to claim 1, wherein the casein has been

gelled with the aid of enzymes, preferably with the aid of coagulant.

3. A microcapsule according to any one of the preceding claims, which is
filled with a polar, preferably aqueous, liquid, or is filled with a gas,
preferably air.

4. A microcapsule according to any one of the preceding claims, which is
filled with a solution, a suspension or a dispersion of one or more
components in a polar liquid.

5. A miérocapsule according to any one of the preceding claims, with a
diameter of between 0.1 and 1000 pum.

6. A microcapsule according to any one of the preceding claims, with a
moisture content of 50 wt.% or more, preferably 80% or more, in particular
97% or more.

7. An oily phase with microcapsules according to any one of the
preceding claims therein.

8. An aqueous phase with microcapsules according to any one of the
preceding claims 1-6 therein.

9. An oil-in-water emulsion in which the oil droplets are filled with
microcapsules according to any one of the preceding claims 1-6.

10. An emulsion according to claim 9, wherein the oil phase is at least
substantially emulsifier-free.

11.  An emulsion according to claim 10, wherein the capsules comprise
cross-linked proteins other than casein.

12. A food, preferably dairy product, comprising microcapsules according

to any one of claims 1-6.
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13. A cheese according to claim 12.
14. A method for the preparation of microcapsules, comprising the steps
of:

- emulsifying, at a temperature of <25°C, a casein solution with an

5  enzymatic gelling agent, preferably coagulant, added thereto in an oil with

an emulsifier added thereto;

- heating the thus obtained emulsion to a temperature at which the
gelling agent becomes active;

- maintaining the emulsion at this temperature for a period which is

10 sufficiently long to form a capsule; and
- optionally separating the microcapsules from the oil phase.

15.  Microcapsules obtainable according to the method of claim 14.
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