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ENCAPSULATED AMORPHOUS CALCIUM CARBONATE COMPOSITIONS
FIELD OF THE INVENTION

The present invention relates to edible compositions comprising amorphous

calciom carbonate, and to food products comprising these compositions,
5  BACUKGROUND

Calenum 1s considered to be one of the most important nuinerals in the human body.
It is required for maintaining bone muneral density, is essemtial for exoeviosis of
ncurotransmitters, takes part in the contraction of muscle cells, replaces sodmm as the

depolarizing mineral in the heart, and participates in many other physiological functiouns.

10 The broavailabihty of calcium may be defined as the fraction of dietary calcium
that 1s potentiaily absorbable by the imtestine and can be used for physiological fimctions,
particudarly bone mineralization, or to limit bone loss (Gueguen et al | J. Am. Coll. Nutr |
2000, Vol 19(2), pages 1198-1368). Thus, in order to meet dictary calcium
recommendations, the bicavailability and replenishment of calowm from supplemental

15 resources should be considered in addition to the natural calcium content of foods.

Average dietary intakes of calcium in the U.S. are well below the recommended
dictary allowance {(RDA} for every age and gender group, especially in fomales. Only
about 23% of boys and 10% of gitds ages 9 o 17 are estimated to meet the
recommendations. Dairy foods provide 75% of the calcum in the American diet.

20 However, it is typically during the most cntical period for peak bone mass development

that adolescents tend to replace milk with soft drimks.

The UK reference nuinent intake (RN for calcium for adulis aged over 19 vears
is 700 mg/day, roquirements are higher durmg childhood, adolescence and during

lactation. A high proportion of teenage boys and girls and women aged 19-24 vears fail to

(e
[

meet the lower reference mutrient mtake (LRNI} for calcium, i.¢. their intakes are hkely to

be inadequaice.

A wide number of foods contain calctum, but the amount of calcium, provided per

100g or per serving, and efficiently absorbed by the body and further transferred to
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specific needed areas 1o the body, vary considerably. The major source of calciom in
Western dicts is oulk and milk products, followed by corcals and cercal products.
However, the bicavatlability of calcium from milk and mulk products is in the region of

309% of their calchum content.

W

The calcnm present n food articles, whether obtained from natural sowrces or
synthetic precipitates, may comprise both orgapic and morganic calcnum salts. Calcium
carbonate ~ an morganic phase of calcium - is an authorized food additive and the mam
compound form commercially used in the nutrient supplement market. Calciam carbonate
has six known polvmorphs, three of which are ashvdrous crvstalline (1., calcite,
10 aragonite, and vatenite), two of which are hvdrated {(i.¢., ¢rystalline monohvdrocalcite and

ikaite), and one of which 1s hydrated amorphous, namely, amorphous calcium carbonate
(ACC). The most thermodynamically stable of these phases 1s calette, whereas the least
stable 18 ACC. ACC ig a transient polvmorph that precipitates out of a supersaturated
solution following Ostwald’s step rule. If not stabilized by any clement or compound,
15 ACC will crystallize rapidly and completely into one of the five more stable polymorphs
within seconds. Solubility studies suggest dramatic differences between the calcium
carbonate polvmorphs. While crvstalline phases arc conswdercd poorly soluble, the

amorphous polymorph 1s approximately 120 times more soluble than calcite.

In nature, ACC is utilized by a small number of organisms, mamly crustaceans and

20 other mvertebrates that developed capabilities for stabilizing ACC n transient mineral
deposition sites. These organisms require an exceptional officient mineral source for the
periodical mobilization, absorption and precipitation of calcium. In some crustaceans, such

as the freshwater crayfish, ACC 1s stored 1n large quantitics in specialized transient storage
organs, named gastrobiths, Several techmgues bave been reported for the synthesis and

25 stabilization of synthetic ACC, mcluding using phosphor-amino-acids, which aliows
stabilizing ACC for more than 4 months under ambient conditions (Meiron ¢t al., J. Bone

Min. Res., 2011, Vol. 26{2), pages 364-372).

A highly-bicavailable source of calcium could beneficially be used for example in
the food industry, enabling high gastrointestinal (GI) absorption of ionic caleium, which
30 can be readidy used by a mammalian organism for physiological functions. Specifically,

amorphous calciom carbonate can be used as a food additive fo produce food articles
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having high dietary availability of calcium, provided that the amorphous phase thereof is
stable in the foods during manufacture, at storage and/or aficr cxposure to ambicnt

humidity when the food container is opened by the consomer.

WO 2005/115414 discloses, for example, gastrolith organs ground to a fine
powder, which is useful as pharmaceutical and notracentical caleium compositions. WQ
2009/053967 discloses, for example, phamaceutical and sutraceutical compositions
comprnsing syathetic ACC stabilized by phosphorylated peptides or anuno acids. WO
2014/024191 discloses, for example, a method for preparing a stable amorphous calcium
carbonate, which can be obtained either in suspension or as a powder. The method
comprises stepwise combination of a soluble calcium salt, a soluble carbonate, a first and

second stabilizer, and a water nuscible organic solvent.

Yet, even stabilized ACC is vulnerable to premature dissolution and/or
crystatlization due to environmental conditions, such as high moisture or humdity, low
pH and/or elevated temperatures. Such destabilization conditions occur, for example,
during the processing or storage of various commercial food products. It is therefore a
challenge to mcorporate ACC mio food items so it remains amorphous from the time of

production to the time of consumplion.

Micro-encapsulation 1s a useful and widely used tool to mprove the delivery of
bioactive compounds, particularly probictics, minerals, vitamins, phyvtosterols, lntein, fatty
acids, lycopene and antioxidants, inio foods. Several microencapsulation technologies
have been developed for use in the food industry and show promise for the production of
so called “functional foods”. Microencapsulation promotes the dehvery of vitamins and
minerals to foods mainly by preventing their mteraction with other food components, for
example, ron bioavatlability is severely affected by interactions with certain food
mgredients {c.g. tanmins, phytates and polyphenols). Additionally, won catalyzes the
oxidative degradation of fatty acids and vitamins. Liposome encapsulation technology i
often used to deliver iron into fluid food products, as it reduces the ability of the iron to
react with food components. More, by encapsulating calcium lactate 1n lecithin liposomces,
it was possible to fortify soymitk with levels of calcium eguivalent to those found in cow’s
miik, while preventing undesirable calcium-protein reactions (Champagne and Fustier,

Carrent Upinion 1o Biotechnology, 2007, Vol. 18, pages 184190}

PCT/TL2015/050784
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There are wvarnous known processing techunology approaches to produce
encapsulation and delivery systoms: spray-drving, frecze dryving and related processes for
food ingredient and nutraceutical encapsulation; spray cooling and spray chilling for food
ingredient and sutraceutical encapsulation; co-extrusion for food mgredients and

5  uutracentical encapsulation (Encapsulation Technologies and Delivery Systems for Food

Ingredients and Nutraceuticals, Woodhead Publishing, 2012, ISBN: 078-0-85709-124-6}.

There remains a need in the field of functional foods, particularly in the field of

caletum-enriched foods, for broavailable, amorphous calcium carbonate formudations.
SUMMARY OF THE INVENTION

10 The present invention provides encapsulated and stable amorphous calcium
carbonate (ACC) compositions, comprising ACC cores and encapsulation matrixes. The
compostiions may be nsed in a variety of food products, and are particularly useful as a
food additive wx foods comprising high water content or acidic pH. Thus, the encapsulated,
stable ACC composition may provide the benefits of an amorphous form of calciom

15 carbonate, such as an enhanced bicavarlability of calcium. The disclosed encapsulated
ACC compositions are stable for fong periods of storage even at erystallization-promoting
conditions, ncluding, infer afio, high humidity, acidic environment or clevated

temperatures.

The present invention provides, in one aspect, an encapsulated amorphous calcium

20 carbonate (ACC) composition, comprising a phuality of ACC particles comprising an
ACC core, comprising ACC and at least one agent stabilizing the ACC in amorphous
form, and an cncapsulation matnx comprising at lcast onc coating laver, wherein the at

least one coating layer comprises an encapsulating agent selected from the group

congisting of a film forming polymer and a ipid, and wherein the at least ove coating layer

b
[

at least partly coats the ACC core.

In ceortain embodiments, the ACC substantially remams i amorphous form upon
exposure to extemal temoperature of at least 50 “C. In certain cmbodiments, the ACC
substantially remains i amorphous form upon exposure to aguecus media. fn cortain

embodiments, the ACC substantially remains in amorphous form upon exposure to water,
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In certain embodiments, the ACC substantially remains i amorphous form apon exposure
to acidic media. In certain embodiments, the ACC substantially remains in amorphous

form upon exposure to acidic media, having a pH of about 4 1o about 5.

In certam embodiments, the film formung polymer 1s selected from the grou
S J &

W

consisting of celhdose, a celhdose derivative, methyl methacrvlate, and any combination
thereof Fach possibility represents a separate embodiment of the mvention. In certam
emboduments, the celiulose derivative is selected from the group consisting of cthyl
celfulose, methyl cellulose, hvdroxypropyt celbilose, hydroxypropyl methyl cellulose,
methyl ethyl celludose, ethyl hyvdroxyethyl cellulose, carboxymethyl cellulose, and any

160 combination thereof. Hach possibility represents a separate embodinient of the invention.

in certain embodiments, the lipid 15 sclected from the group consisting of an edible
wax, a fatty acid, a fatty acid ester, an oil, and any combination thereof. In certain
embodiments, the edible wax 1s selected from the group consisting of beeswax, candelilla

wax, carnauba wax, Japan wax, soy wax, alfa wax, rice-bran wax. bavberry wax, castor

Ju—
o

wax, montan wax, microcrvstalline wax, paraffin wax, and anv combination therecf In
certain embodiments, the fatty acid 1s selected from the group consisting of steanc acid,
olete acid, palmitic acid, lavrie acid, and any combination thereof. In certain embodiments,
the fatty acid ester s a glycende stearate or a sucrose polystearate. In certain
embodiments, the oil is selected from the group consisting of a vegetable od, hiquid
20 paraffin, a medium-chain triglvcende oil, and anv combination thereof Each possibility

represents a separate embodiment of the mvention.

In certain embodiments, the encapsulation matnx further comprises at least one
agent sclected from a nataral resm, a biocompatible polvmer, a prolamine protem, an
agent stabilizing the ACC, a surfactant, a color and a pigment. Each possibility represents

25 a separate embodiment of the invention. In certam embodiments, the coating layer which
comprises a lipid further comprises at least one agent sglected from a natoral resin, a
biocompatible polvmer, a prolamine proiein, an agent stabilizing the ACC, a surfactant, a

color and a pigment. Each possibility represents a separate cmbodiment of the invention,

in certmn embodiments, the natural resin 1s Shellac. In certain embodiments, the

30 biocompatible polymer is selected from the group consisting of polyvinylpyirolidone
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(PVE), polvethylene glveol (PEG), polyvinyl alcohol (PYVA), and any combination thereof,
In certain embodiments, the prolamine proten 15 Zem, In certain embodiments, the ACC
stabilizing agent is independently at cach occurrence selected from the group consisting of
an organic acid, a sulfunic ester of a hvdroxyl carboxylic actd, a splfuric ester of a
bydroxyl carboxylic acid, an organcamine compound, an organic compound comprsing a
hydroxyl, an organophosphorous compound or a salt thereof, a bisphosphonate compound,
an organophosphate compound, an organophosphonate compound, an  inorgamc
phosphorous acid, a polvphosphate compound, an organic surfactant, a bio-¢ssential
inorganic ion, and any combination thercof. In certain embodiments, the surfactant is
selected from the group consisting of a polysorbate, a sorbifan ester, a polvoxyethylene
fatty acid ester, a sucrose ester of a fatty acid, glveerol monostearate, stearoyl lactylate,
lecithin, and anv combination thereof Each possihility represents a separate embodiment

of the invention.

In certain embodimenis of the compositions described above, the weight ratio
between the ACC core and the encapsulation matrix s 1110 to 181, In certain
embodiments of the compositions described above, the weight ratio between the ACC core
and the encapsulation matrix i1s 15 to 5:1. In certain embodiments of the compositions
described above, the weight ratio between the ACC core and the encapsulation matrix is
1:3 to 3:1. In certain embodiments of the compositions described above, the weight ratio
between the ACC core and the encapsulation matrix is 1:2 to 2:1. In certain embodiments
of the compositions described above, the weight matio between the ACC core and the

encapsulation mattx s 11

In certain embodiments of the compositions described above, the encapsulation
matrix comprises at least two coating lavers. In certam embodiments, the encapsulation
matrix comprises at least two coating layers which comprise a film forming polviner,
wherein the film fornuing polvmcr in cach layer may be the same or different. In cortain
embodunents, the encapsulation matnx comprises at least one coafing layer which
comprises a film-forming polymer, and at least one coating layer which comprises a lipid.
In certain cmbodiments, the cncapsulation matrix compriscs at loast two coating layers

which comprise a lipid, wherein the lipid in cach layer may be the same or different.

PCT/TL2015/050784
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in certain embodiments of the compositions described above, the encapsulation
matrix comprises at least three coating layers. In certain embodiments, the encapsulation
matrix comprises at least one coating layer which comprises a film forming polymer, and
at least two coating layers which comprise a lipid, wheremn the lipid may be the same or
different. In certain embodiments, the encapsulation matrix comprises at least two coating
layers which comprise a film forming polvmer, wherein the film forming polymer may be

the same or different, and at least one coating layer which comprises a lipid.

in certain embodiments of the compositions descrnibed above, the ACC core further

comprises silica.

In certain embodiments of the compositions described above, the encapsulating

matrix completely coats the ACC corg.

in certain embodiments of the compositions described above, the composition 1s
mert when mixed with a food article. In certain embodiments of the compositions
described above, the composition, when mixed with the food anicle, does not alter the
taste of the food article. In certain embodiments of the compositions described above, the
composition, when mixed with the food article, does not alter the color of the food article.
In certam embodiments of the compositions described above, the composition, when

mixed with the food article, does not alter the pH of the food article.

in certain emboduments of the compositions described above, at least 70% of the
calcium carbonate is retained in amorphous form, and remains undissolved, after the
composition 18 exposed to an aguecus medium for at least four davs. In certain
cmbodiments of the compositions described above, at least 20% of the calcium carbonate
i3 retained in amorphous form, and remains undissolved, after the composition is exposed

to an agueous mediom for at feast one week.

In certain embodiments of the compositions described above, at least 20% of the
calcium carbonate is retained in amorphous form after the composition 15 cxposed to an
acidic medmm for at least one week. In certain embodiments of the compositions
described above, at least 10% of the calcium carbonate 1s retained in amorphous form after

the composition 15 exposed to an acidic mednmn for at least three weeks.

PCT/TL2015/050784
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In certain embodiments of the compositions described above, at least 20% of the calcium
carbonate is retained in amorphous form after the composition is exposed to an aqueous medium
at 95°C for at least 2 minutes. In certain embodiments of the compositions described above, at
least 20% of the calcium carbonate is retained in amorphous form after the composition is
exposed to 1,200 Watt microwave radiation for at least 1.5 minutes.

The present invention n further provides, in another aspect, a food product, comprising at
least one of the encapsulated ACC compositions described above.

In certain embodiments, the food product is a dairy product. In certain embodiments, the
dairy product comprises fermented milk. In certain embodiments, the dairy product is acidic. In
certain embodiments, the dairy product is a yogurt. In certain embodiments, the food product
requires heating at a temperature of at least 50 °C before consumption. In certain embodiments,
the food product is selected from the group consisting of a canned food product, a frozen food
product and a powdered food product.

According to one aspect of the invention, there is provided a solid encapsulated amorphous
calcium carbonate (ACC) composition, comprising a plurality of solid ACC particles each
comprising:

i. an ACC core, comprising stabilized ACC comprising at least one agent stabilizing
the ACC in amorphous form, and

ii. an encapsulation matrix completely covering the ACC core and comprising at
least two coating layers, wherein the at least two coating layers comprise a first inner
coating layer that contacts the ACC core and comprises a film forming polymer and at least
one other outer coating layer comprising a lipid, wherein each one of the at least two
coating layers at least partly coats the ACC core, the film forming polymer is selected from
cellulose, a cellulose derivative, methyl methacrylate, and any combination thereof, and
wherein the lipid is selected from an edible wax, a fatty acid, a fatty acid ester, an oil, and
any combination thereof,

wherein the encapsulation matrix maintains calcium carbonate in amorphous form upon

exposure to humidity or aqueous media and wherein the core is solid.

Date Regue/Date Received 2022-04-07
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All the above and other characteristics of the invention and of embodiments thereof will
be further understood through the following illustrative and non-limitative description of
embodiments thereof, with reference to the appended drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1A: X-ray diffraction (XRD) pattern of encapsulated ACC composition (Formulation 5).
Figure 1B: XRD pattern of encapsulated ACC composition (Formulation 5), after 30 min
immersion in water.
Figure 2A: XRD pattern of encapsulated ACC composition (Formulation 11), after 30 min
immersion in water.
Figure 2B: XRD pattern of encapsulated ACC composition (Formulation 12), after 30 min

immersion in water.

Date Regue/Date Received 2022-04-07
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9
Figure 2. XRD pattern of encapsulated ACC composition (Formulation 13), after 30
min Immersion in water.

Figure 21: XRD pattern of cncapsulated ACC composition (Formulation 14}, after 30

min Inunersion 1 water,

5 Figure 2E: XRD patiern of encapsvlated ACC composition (Formulation 13}, afier 30

min immersion in water.

Figure 2F: XRD patiern of encapsulated ACC composition (Formulation 16), after 30

min immersion in water.

Figure 3A: Scanning clectron microscope (SEM) umage of encapsulated ACC

10 composition (Formulation 11}, x50600 magnification.

Figure 3B: SEM mage of encapsulated ACC composition (Formulation 11}, %2000

magnification.

Figure 30: SEM 1mage of encapsulated ACC composition (Formulation 153, x5000

magnification.

15 Figure 3B SEM mmage of encapsulated ACC composition (Formulation 13), x2000

magnification.
Figure 3E: SEM image of non-encapsulated ACC, x30,000 magnification.

Figure 4A: XRD patiern of encapsulated ACC composition (Formuldation 17), after 30

min inmersion in water.

20 Figere 4B: XRD pattern of encapsulated ACC composition (Formulation 18}, after 30

min inumersion in water,

Figure 4C: XRD paticrn of encapsulated ACC compesition (Formulation 19}, after 30

min gnmersion in water.

Figure 41: XHD pattern of encapsulated ACC composttion (Formulation 20), after 30

25 min {ounersion 1n water,
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10
Figure 5A: optical microscope image of encapsulated ACC composition (Formufation
21).

Figure 5B: optical nucroscope tmage of encapsulated ACC composition (Formulation

22).

Figure 3C: optical microscope image of encapsulated ACC composition {(Formulation

23).

Figure 6: Dissolution of calcium in vogurt hquid phase from: (¢) Formulation 21, (=)
Formulation 22, { 4) Formulation 23, (x) cryvstalline calcium carbonate (CCCO), (*} non-

encapsulated ACC and (&) yoguri {control).

Figure 7TA: XRD pattern of encapsulated ACC composition (Formulation 21} mixed with

vogurt; XRD performed on the first day of the experiment.

Figure 7B: XRD pattern of encapsulated ACC composition (Formulation 21} mixed with

vogurt, XRD performed oo the last day of the experiment.

Figure 8A: XRD pattern of cncapsulated ACC composition (Formulation 22) mixed with

vogurt, XRD performed on the first day of the experiment.

Figure 88: XKD pattern of cncapsulated ACC composition (Formulation 22) mixed with

vogurt; XRD performed on the last dav of the expeniment.

Figure 9A: XRD pattern of encapsulated ACC composition (Formulation 23} nuxed with

vogurt; XRD performed on the first day of the expenment.

Figure 9B: XED pattern of encapsulated ACC composition (Formulation 23) mixed with

vogurt; XRD performed on the last day of the experiment.

Figure 10: XRD paticm of the non-encapsulated ACC muxed with vogurt, XRD

performed on the first day of the experiment.

Figure 11: XRD pattern of encapsulated ACC composition (Formulation 32}

PCT/TL2015/050784
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Figure 12A: XRD pattern of cncapsulated ACC composition (Formulation 27) mixed

with vogurt; XRED performed after the first week of the expenment.

Figure 12B: XRD pattern of encapsulated ACC composition (Formulation 27} mixed with

vogurt; XRD performed after the sccond week of the experiment.
Figure 13: XRD paticm of encapsulated ACC composition (Formulation 45).
DETAILED DESCRIPTION OF THE INVENTION

Amorphous calcium carbonate was reported to be a more sohuble and absorbable
source of calcium carbonate in dietary supplements than the crvstalline phase of calcium
carbonate. However, the present inventors, as well as others, have found that ACC, even if
stabilized, has a low swability in agueous and/or acidic environmenis. When exposed to
such environments, ACC 1s rapidly converted mio crystalline phases of calcium carbonate.
{Une of the major technical challenges v encapsulating ACC 1s that the carrer matenial of
encapsulates used in food products or processes should be food grade and able to form a
barnier between the active agent and its surroundings. However, due to the lack of stability
of amorphous calcium carbonate even at normal humidity {about 60% relative humidity,
RH), 1ts low bulk density and poor compressibility, the development of encapsulated-ACC

products and the cffectivencss of such encapsulations are considered very challenging,

The present inventors have found that i 15 sot trivial to nucroencapsulate ACC,
inter afia. because the encapsulation components are required to be approved for the
designated use thereof, the encapsulation process requires clevated temperatures, and the
final product apphication, such as food or cosmetic product, may require heating during
manufacturing or processing. In addition, the texture characteristics of the final product
should not be affected by the addition of the encapsulated ACC thereto. Specifically, the
organoleptic characteristics of food products, such as the taste, may be affected by ¢.g. the
encapsulation ingredients, the encapsulation ingredients, a change of pH when some of the
ACC is dissolved in the food media {for example for ACC incorporated irdo vogurt).
More, undesired powder buccal feelng may potentially be felt due to the presence of

microencapsulated granules. Indeed, all ingredients of the encapsulation formulation or the

PCT/TL2015/050784
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ACC core should be inert for the final product in which it is incorporated to prevent spoilage

of the quality of the final product, during its production, storage or consumption.

The present invention discloses, for the first time, ACC compositions that substantially
overcome the technological challenges described above. As further disclosed herein for the first
time, the present invention discloses that the formation of one or more ACC-coating layers of
different properties, provides commercially-useful encapsulated ACC compositions, which are
stable in a water-containing and/or acidic environments, are substantially stable upon exposure to
high temperature, and do not alter the look-and-feel of products, including food, into which they are

incorporated.

The present invention provides, in one aspect, an encapsulated amorphous calcium carbonate
(ACC) composition, comprising a plurality of ACC particles comprising an ACC core, comprising
ACC and at least one agent stabilizing the ACC in amorphous form, and an encapsulation matrix
comprising at least one coating layer, wherein the at least one coating layer comprises an
encapsulating agent selected from the group consisting of a film forming polymer and a lipid, and

wherein the at least one coating layer at least partly coats the ACC core.

The term "encapsulated" refers to a process of physically interacting ACC cores with an
encapsulation matrix comprising one or more encapsulation layers, without the ACC changing its
chemical or structural characteristics. The term "encapsulated” is also intended to include situations
in which the ACC is not completely encapsulated within or by the encapsulation matrix, that is,
situations in which at least part of the ACC in a composition is not interacting with the

encapsulation matrix.

As used herein, the active ingredient comprises or consists of stable ACC. In certain embodiments,
the active ingredient further comprises, in addition to ACC, at least one additional active agent
intended for human use or consumption. Non limiting examples of such additional active agents
include nutraceutical agents, food additives, vitamins, minerals and oils. In certain embodiments, the
stable ACC core comprises gastrolith organs, or a portion thereof ground to a fine powder,
essentially as described in WO 2005/115414. In certain embodiments, the stable ACC core
comprises any other biologically generated ACC

Date Regue/Date Received 2021-10-18
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harvested from any other natural resource. In certain embodiments, the stable ACC core is
produced by chemical synthesis means. In certain embodiments, the stable ACC comprises

a combination of harvested natural and synthesized stable ACC.

The active ingredient of the encapsulated stable ACC composition may comprise

W

one or more cosmetic agent, matraceutical agents or food additives in addition to the stable

ACL, for example. Mg, Zn, phosphate, Vitamins B, €, or I, folic acid and/or ATP.

{n some embodiments, at least 30% by wi. of the active ingredient is encapsulated
withm the encapsulation matrix of the encapsulated stable ACC composition. In some
ernbodiments, at Jeast 70% by wi. of the active ingredient is encapsulated within the

10 encapsulation matrix of the encapsulated stable ACC composition. In some embodiments,
o

at least 90% by wi. of the active mgredient is encapsulated within the encapsulation matrix

of the encapsulated stable ACC composition.

In some embodiments, the ACC comprises more than about 30% by wt. of the

active ingredient. The active ingredient may tfurther include a nutraceutical agent or a food

15 additive. In certamn embodiments, the ACC constitutes at least 10% by wit. of the active
ingredient In certain embodiments, the active ingredient of the encapsulated stable ACC

coniposition cansists of stable ACC.

The term “encapsulation” as used herein refers 10 a process 1o entrap one substance
within another substance, thereby producing particles with particle size of a few
20 nanometers {am) 1o a few millimeters {(mm}. As used herein, “particle size” means the
longest dimension of a given particle, in any cross section thereof, meluding, for example
a diamcter m case of substantiallv ball shaped particles. The entrapped substance bocomnes
protecied or partially protecied from external chemicals, and may be referred to as “core

bH]

matertal”, “fll7, “internal phase”, or “payload phase” The encapsulating substance may

[

be referred to as “coatimg”, “film”, “membrane”, “shell”, “carrier matenal”, “wall

material”, “external phase”, “external coverage”, or “matrix”

According to the principles of the present mvention, the encapsulated ACC
composifion comprises an encapsulation matrix upon the application of which the

amorphous form of calcium carbonate 1s maimntained. it 15 disclosed herein for the first time
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that encapsulated stable ACC maintained at least about 70% of the amorphous form
thereof in agucous media for at lcast as long as 4 days.

The terms "amorphous”, "amorphous phase”, "amorphous form" and "amorphous

state” can be used interchangeably, and they indicate a polymorph which 13 in a phase,

W

form or state which s not in any of the crystalline or dissolved forms of calcium

carbonate.

In some cmbodiments of the invention the encapsulating procedure provides a
matrix material, wheremn the stable ACC 1s distnbuted throughout the encapsulating
matrix. In some embodiments, the encapsulating procedure provides a core~-shell matenial,

10 structure wherein the stable ACC s enclosed within a shell of the encapsulating material.

In some cmbodiments, the active ingredient particles are homogencously
encapsulated within the encapsulation matrix. In some embodiments, the active ingredient
particles are agglomerated within the encapsulation matrix. The encapsulated ACC may
include particles having a mean particle size of about 0.1-100 wm, such as 0.5-50 pm, 1-10

15w, or 0.1-4 pm. In some embodiments, the particles of the encapsulated stable ACC
comprise agglomerates containing smaller particles. The encapsulated ACC may include
agglomerates having a mean particle size of about 0.1-1000 pm, sach as 6.2-300 pm, I-

100 pm, or 5-50 ym. Each possibility represents a separate embodiment of the mvention.

In certain cmbodiments, the compositions of the present mvention comprise
20 particles having a mean particle size of about 0.1-50 um. In certain embodiments, the
compositions of the present mvention comprise particle agelomerates having a mean

patticle size of about 0.2-1000 pm.

In some embodiments, the encapsulated stable ACC composition comprises up o

about 15 wi% watcr. In somc cmbodiments, the encapsulated stable ACC composition

25 forms particles having a mean particle size of about 0.1-100 um. In some embodiments,
the composition comprises particke agglomerates having a mean particle size of about 0.2-

1066 pm.

In some embodiments, the stable ACC is present m a welght percent of at least

about 8% wt. of the total weight of the encapsulated stable ACC composition. Optionally,



CA 02956048 2017-01-23

WO 2016/016893 PCT/TL2015/050784

W

the stable ACC is present in a weight percent of at least about 30% of the total weight of
the encapsulated stable ACC. In some cmbodiments, more than about 50% wi of the
stable ACC composition 1s dispersed and embedded within the encapsulation matrix. In
certain embodiments, the compositions of the present inveation are substantially free of

>3 water.

The term "encapsulation matrix” as vsed herein encompasses all the coating layers
that at least partly coat the ACC core. Thus, in case the encapsulation matux contamns
multiple coating layers, these lavers together constitute the encapsudation matrix. Smee not
all coating procedores guarantee full coating of the ACCT cores, the term "encapsulation

10 matrix" as used herein further cocompasses the excipients used m all the coatmg steps 10
coat the ACC cores, regardless of their relative surface coverage of the ACC cores. For the
same reason, the term "encapsulation matrix” as used herein encompasses coating layers
which fully coat the ACC cores or any coat applied beforehand, as well as partial coating

lavers which only partly coat the ACC cores and/or any coat applied beforehand.

Ju—
o

The term "coating layer" as used herein indicates the layer of material covering at
lcast part of an ACC core or an intcrmediate coating layver. The coating lavers as deseribed
herein may be mittally apphed as a fluid or liguid to allow a degree of self-assembly or
relocation of the coating after deposition, ¢ g driven by differences in surface energy.
Afier the coating laver achieves a desired patterning, the coating layver may be hardened,
20 e.g by cunng and/or drving. As used herein, the term '

&

‘coating” is used to mdicate the

process of applving a layer of material.

The term “film formung polymer” as used herein refers to a polymer capable of
forming, by itsclf or n the presence of an awaliary film-forming agent, a continuous and

adherent film on a support.

b
[

The term “film-forming polymer” denotes mainly edible polvmers chosen from
cellulose derivatives, such as, for example, hydroxypropyimethyl celluloses (HPMC),
ethyl celluloses (EC), methyl celluloses (M), carboxy-methyl celluloses. hydroxypropyl
celluloses (HPC) or cellulose acetates or phthalates, carrageenans, sodivm, potassium or
ammonium alginates, or film-forming modified starch derivatives, such as, for example,

30 dextring, maltodextring, guar gum, gurn tragacanth, gum arabic or xanthan gum,
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The term “lipid” is widely known and used in the art and is used herein to
generally retfer to any naturally occurring molecule that contains hydrocarbons and is

insoluble in water.

In certain embodiments, the ACC substantially remains in amorphous form upon

[

exposure of the encapsulated composition to external iemperature of at least 50 °C. In
certain embodiments, the ACC substantially remaing in amorphous form apon exposure of
the encapsulated composition to agucous media. In certain embodiments, the ACC
substantially remams in amorphous form upon exposure of the encapsulated composition
to water. In cortain embodiments, the ACC substantially remains in amorphous form upon
10 exposure of the encapsulated composition to acidic media. In certain embodiments, the
ACC substantially remains in amorphous form upon exposure of the encapsulated

conmposition to acidic media, baving a pH of about 4 to about 5.

It is to be understood that the present invention encompasses any encapsulating

agent or a material, which is capable of providing stabilization of ACC m aqueous

15 conditions for at least one week, for example such that the ACC retains at least 20% of the
amarphous phase thereof and/or that the encapsulated composition retams at least 20% of

the mmtial content of the ACC. Fach possibility represents a separate embodiment of the

invention.

The phrase “substantially stable to external temperatures, humidity or acidity” as
20 used herein generally means that the ACC, upon interaction with the encapsulation mairix,
becomes significantly less accessible and/or sensitive to the temperature, to the water
content and/or to the pH of the ouwtside enviromment, e.g. any medium to which the

composition may be added.

As used herein, the phrase “mcreased ACC stability upon exposure of said

(]

composition to bamudity” relates to the difference m stability upon exposure of the
composition to humidity, e.g. to a humid environment, such as water, between naked ACC
cores and encapsulated ACC cores. Exemplary, non-limiting methods to detemmine the
stability of ACC composition in agueous media arc provided in the Examples scction
below. The term “undissolved” as used herein generally means “does not form caloium

30 ions”.
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As used herein, the phrase “mcreased ALC stability upon cxposure of said
composition to acidity” relates to the diffcrence in stability upon cxposure of the
composition to acidity, e.g. to an acidic environment, such as yogurt, between naked ACC

cores and encapsulated ACC cores.

As wsed herein, the phrase “mereased ACC stability upon exposure of said
composition to a high temperatore” relates to the difference in stability vpon exposure of
the composition to a temperature above 50 °C, e.g to warm covironment or ingredient,
such as melied wax during coating, between naked ACC cores and encapsulated ACC

COTES,

As used herein, the terms “mereased ACC stability i aqueous media”, “increased

2]

ACC stability in acidic media”, and “increased ACC thermal stabibity” rclate to the
respective stability of the encapsulated ACC composition of the present invention as
compared to the non-encapsulated stable forms of ACC. The term “naked ACC cores” as
used herein refers to ACC cores, comprising ACC and at least one agent stabilizing the

ACC in amorphous form, which are not encapsulated.

In some cmbodiments, the cncapsulated stable ACT compositions retain at least
50% of the amorphous phase of ACC in an agueous medium for at ieast one week. In
certain embodiments, the encapsulated stable ACC composition retains at least 60% of the
amorphous phase of ACC in an agueous medium for at least one week, optionally at least
70% of the amorphous phase, at least 30% of the amorphous phase, or at least 90% of the
amorphous phase, at least 95% of the amorphous phase, or even at least 98% of the
amorphous phase of ACC in an agueous medium for at least one week. Each possibility
represents a separate embodiment of the invention. In some preferred embodiments, the

ACC, which retains the amorphous phase thereof, 1s an undissolved ACC.

In some embodiments, the encapsulated stable ACC composition retains at least
40% of the amorphous phase of ACC in an aquecus mediam for at least two weeks.
Optionally, the encapsulated stable ACC composition retains at least 40% of the
amorphous phase of ACC in an aqueous medium for at least three weceks, or even for at

least a month or for at least two months, Each possibility represents a separate
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embodiment of the invention. In some preferred embodiments, the ACC, which retains the
amorphous phase thereof, 15 an undissolved ACC,

In some cmbodiments, the encapsulated stable ACC composition retains at least

70% of the amorphous phase of ACC 1n an aqueous medium for at least four days, or at

W

teast 80% of the amorphous phase, at least 90% of the amorphous phase, at least 85%, or
gven at least 98% of the amorphous phase thereof Fach possibility represents a separate
embodument of the invention. In certain preferred embodiments, the ACC, which retains

the amorphous phase thereof] 1s an undissolved ACC.

The agueous medium may comprise water, solution, dispersion, gel, emulsion or

10 suspension. In some embodiments, the aqueous medium includes a water-containing food
article. The agucous medium may be present during manuotacturmg of the food when
containing the stable ACC. The agueous medium may be present during the processing of

the food when contamung encapsulated stable ACC. The agueous medium may be present

dunng the storage of the food containing encapsulated stable ACC.

15 In some embodiments, the encapsulated stable ACC composition retains at least
40% of the amorphous phase of ACC in acidic agueous media for at least one week, such
as, for example 50% of the amorphous phase, 60% of the amorphous phase, 70% of the
amorphous phase, 80% of the amorphous phase, 90% of the amorphous phase, 95% of the
amorphous phase or 38% of the amorphous phase of ACC. Each posatbility represents a

20 scparate embodiment of the imvention. In some preforred embodiments, the ACC, which

retains the amorphous phase thereof, is an undissolved ACC,

In some embodiments, the acidic aqucous medium comprises acidic solution,
dispersion, gel, emulsion or suspension. Optionally, the agueous medium includes or

consists of a water-containing actdic food article. The pH of the acidic medium may be

b
[

a range of about 2-6.3, such as for example. 3-6, 4-55 or 4.5-5.

Optionally, the encapsulated stable ACC composition retains at least 40% of the
amorphous phase of ACC for at least one week upon exposure to atmospheric humidity,
such as, for example 50% of the amorphous phase, 60% of the amorphous phase, 70% of

the amorphous phase, ¥0% of the amorphous phasc, 0% of the amorphous phase, 95% of
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the amorphous phase or 98% of the amorphous phase of ACC. In some embodiments, the

encapsulated stable ACC retains at least 409% of the amorphous phase of ACC for at least
. 3 - ay WPt O : . £ 5

one week upon exposure to atmospheric humidity, such as, for example for ons month, six

months, one vear or two vears or longer.

W

In certain embodiments of the compositions described above, at least 70% of the
calciom carbonate is retained i amorphous form, and remains undissolved, afier the
composition 15 exposced to an agueous medium for at least four days. In certamn
embodiments of the compositions described above, at least 20% of the calcium carbonate
is retamned in amorphous form, and remains undissolved, after the compostiion s exposed

16 to an agueous medium for at least one week.

in certain embodiments of the compositions described above, at least 20% of the
calcium carbonate is retained in amorphous form after the composition is exposed 1o an
acidic medinm for at least one week. In certam embodiments of the compositions

described above, at least 10% of the calcium carbonate is retained 1o amorphous form after

Ju—
o

the composition is exposed to an acidic medinm for at least three weeks. Exemplary, non-
bmiting methods to deternune the stability of ACC composition in acidic media are
provided 1n the Examples section below. The term “acidic medium™ as used herein
gencrally refers to a medium having a pH <7, <6, <5

about 42~ 4.5,

<4, <3 or <2, preferably pH of

20 In certain embodiments of the compositions described above, at least 20% of the

calcium carbonate is retained in amorphous form after the composition is oxposed fo an
agueous medium at 95°C for at least 2 minutes. In certain embodiments of the
compositions described above, at lcast 20% of the calcium carbonate 1s rotamed m
amorphous form after the composition is exposed to 1,200 Watt microwave radiation for

25 atleast 1.5 mumutes.

In ceriain embodiments, the fibm forming polymer s selected from the group
consisting of cellulose, a cellulose denvative, methyl methacryvlate, and any combination
thereof. Hach possibility represents a separate embodiment of the invention. In cerfain
embodiments, the cellulose derivative is selected from the group consisting of cthyl

30 cellulose, methyl cellulose, hydroxypropyl cellulose, hydroxyvpropyl methvl cellnlose,
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methyi ethyi cellulose, ethyl hydroxyethyl celinlose, carboxymethyl cellulose, and any

combination thereof. Each possibifity represents a separate embodiment of the invention.

In certain embodiments, the kipid 1s selected from the group consisting of an cdible

wax, a fatty acid, a fatty acid ester, an oil, and anv combination thercof In cerfain

W

embodiments, the edible wax 1s selected from the group consisting of beeswax, candelilla
wan, camauba wax, Japan wax, soy wax, alfa wax, rice-bran wax, bavberry wax, castor
wax, montan wax, microerystalline wax, paraffin wax, and any combination thereof. In
certain embodiments, the fatty acid is sclected from the group consisting of stearic acid,
oletc acid, palmitic acid, lauric acid, and any combination thereof. In certain embodiments,
10 the fatty acid ester is a glyceride stearate or a sucrose polystearate. In certan
embodiments, the oil is selected from the group consisting of a vegetable oil, hiquid
paraffin, a mediam-chain tnglveeride oil, and any combination thereof. Each possibility

represents a separate embodiment of the invention.

In certain embodiments. the encapsulation matrix further comprises at least one

Ju—
o

agent sclected from a natural resin, a biocompatible polvmer, a prolamine protein, an
agent stabilizing the ACC, a surfactant, a color and a pigment. Each possibility represents
a separate embodiment of the invention. In certain embodiments, the coating laver which
comprises a lipid further comprises at [cast one agent selected from a natwal resin, a
biccompatible polymer, a prolanine protein, an agent stabilizing the ACC, a surfactant, a

20 color and a pigment. Fach possibility represents a separate embodiment of the invention.

The torm “natural resin” as used herein generallv refers to a plant exuodate. The

non-limiting example of a natural resin 1s shellac (which has E number E904 when used as

a food additive). The cocapsulated stable ACC composition may compriac about 2-90%

wt. natural resin. Both zein and shellac are used in food industry, imrer afia, as glazing

25 agents. In some embodiments, encapsulated stable ACC composition compnises about 2~
40% wt. natural resin. In some embodiments, encapsulated stable ACT composition

30/

comprises about 5-22% wt. natural resin.

In certain embodiments, the natural resin is Shellac. In certain embodiments, the

biocompatible polvimer is sclected from the group consisting of polyvinvipyrrolidone
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(PVP), polyvethylene glveol (PEG), polyvinyl alcchol (PYVA), and any combination thereof.

In certain embodiments, the prolaming protem 1s Zem.

The term “edible wax” as used hercin refers to synthetic waxes that are suitable for

human consumption, such as food-grade petroleum products, or natural waxes obtamed

W

from plants, insects (similar (o honey bees) or amimals. In some embodiments, the edible
wax 18 selected from the group consisting of besswax, candelilla wax, carpauba wax,
Japan wax, soyv wax, alfa wax, rce-bran wax, bavberry wax, castor wax, monian wax,
microcrystalline wax, paraffin wax and combinations thereof. Each possibility represents a
separate embodiment of the mvention. According to some embodiments, the edible wax is
10 sclected from the group consisting of candelilla wax, beecswax, paraffin wax and
combinations thereof. Each possibility represents a separate embodiment of the mvention.
In some embodiments. the encapsulated stable ACC composition comprises candelilla
wax, or beeswax or a combination thereof The encapsulated stable ACC composition may
comprise about 5-60% wt. cdible wax. In some cmbodinents, the encapsulated stable
15 ACC composition comprises about 3-50% wt. edible wax. In some embodiments,

encapsulated stable ACC composition comprises about 15-26% wi. edible wax.

The term “fatty acid” as ased hercin generally refers to a carboxylic acid with a
long aliphatic tail {chain), which is either saturated or unsabwated. The non-limiting
exaraples of suitable fatty acids melude most fatty acids, having hvdrocarbon chains of 6-

20 24 carbons, or 10-24 carbons, 14-22 carbons, or even 16-20 carbons. In other
embodiments, the fatty acid is selected from the group consisting of oleic acid, stearic
actd, palmitic acid, and lauric acid. The fatty acid may be saturated or unsaturated. In
some preferred embodiments, the fatty acid is saturated. In certain embodiments, the fatty
acid comprises stearic acid. The encapsulated stable ACC composition may comprise

25 about 1-60% wit. fatty acid. In some embodiments, encapsulated stable ACC composition
comprises about 1-25% wi. fatty acid. In other embodiments, encapsulated stable ACC

composition comprises about 1-10% wt. fatty acid.

The torm “fatty acid ester” as used herein generally refers to a type of ester that
results from the combination of a fatty acid with an alcohol. In some embodiments, the
30 fatty acd ester comprises glveerol monostearate. The cncapsulated stable ACC

conposition may compiisc about 3-60% wi. fatty actd ester. In some embodiments,
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encapsulated stable ACC composition comprises about 2-30% wit. fatty acid ester. In some
cmbodiments, encapsulated stable ACC composition compriscs about 5-22% wi. fatty acid
ester. In other embodiments, encapsulated stable ACC composition comprises about 1-
10% wt. fatty acid ester. In other embodiments, the fatty acid ester is a glvecenide stearate

5  orasucrose polystearate.

The term “o1l” as used herem gencrally refers to a nonpolar chemical substance
that is a viscous liguid at ambiont tomperatures and is both hydrophobic and lipophilic.
Optionally, the oil comprises vegetable oils, liquid paraffin, medium chain tnglyeeride oils
or combinations thereof. In some cmbodiments, the o comprises a vegetable o, The

16 non-lmmiting example of a suitable vegetable oil is a palm oil. In other embodiments, the
encapsulated stable ACC comprises a medium-~chain tnglyveende oil. The encapsulated
stable ACC composition may comprise about 10-60% wit. oil. In some embodiments,
cncapsulated stable ACC composition comprises about 10-30% wt. il In certain
embodiments, the oil is selected from the group consisting of a vegetable o, hiquid

15 paraffin, a medivm-chain triglveeride o1l, and any combination thereof. Each possibility

represents a separate embodiment of the invention.

A bioccompatible polymer suitable for use as the encapsulating agent in the present

invention may be biodegradable or non-biodegradable. The non-limiting cxamples of a
biccompatible non-biodeogradable polvmer include polyethylene glveol (PEG) and

20 polyvinyl alcohol (PVA). The biodegradable polvmer may comprise a polyester, such as,
for example a polviactic acid, polvglyeolic acid or a poly(lactic-co-glveolic acid). The
encapsulated stable ACC composition may comprise about 20-60% wt. biccompatible
polymer. In some embodiments, encapsulated stable ACC composition comprises about
25-55% wt. biocompatible polvmer. In some embodiments, encapsulated stable ACC

25 composition comprises about 30-40% wt. biocompatibie polyvmer. In certain embodiments,
the biocompatible polymer ts selected from the group consisting of polyvinvlpyrrolidone
(PVP), polvethylene glveol (PEG), polyvinyl aleohol (PVA), and any combination thereof.

Each possibibity represents a separate embodiment of the invention.

The proteins useful for encapsulation of the stable ACC may include sov proieins,
30 datry proteins and/or gelatin. The non-hmating example of a suitable protein is zein. The

encapsulated stable ACC composition may comprise about 5-90% wt. protein.
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According to some embodiments, the encapsulated stable ACC composition

v

comprises a surfactant or cmulsifyving agent. The teros "surfactant”, or "omulsifving
agent” may be used interchangeably. A surfactant may comprise a non-ionic, cationic,
anionic, amphoteric surfactant or combinations thereof. According to some embodiments,

the surfactant 18 a non-tomic surtactant.

Noo-limiting  examples of possible non-ionic orgamic  surfactants  include
polysorbates, such as polyoxyethviene sorbitan monolaurate (Tween 20), polyoxyethylene
sorbitan monopalmitate {Tween 40), polyoxyethylene sorbitan monostearate (Tween 60)
and polyoxyethylene sorbitan monooleate (Tween 80): glyceryl stearate; polyoxyethyiene
(POE) fatty acid esters, such as Myrj 435, Myrj 49, Myrj 52 and Myry 39; sorbitan fatty
acid esters, such as sorbitan monolaurate (Span 20), sorbitan movnopalmitate {Span 40},
sorbitan monooleate (Span 80}, sorbitan monostearate (Span 603, mono/diglyveerides of
octanoic/dectanoic acids, such as but not limited to Imwitor-742, Imwitor-308,;
polv{oxyethylene) alkylyl ethers, such as poly{oxvethviene) cetyl ether (Brij 52, By 36,
Brij 58), polv(oxvethviene) pabmityl ether, polvethylene oxide hexadecyl cther,
polvethylene glveol cetyl ether, and the hke; polyethoxylene castor ol derivatives, such as
Cremophor EL, ELP and RH 40; PEG-6 octanoic/decancic glyeerides, such as Sottigen
767 and the like; polyoxvethylene glycerol tricleate, such as but not limited to Tagat TO;
decaglycerol mono/dicleate, such as Caprol PGER6( and the hike; sucrose esters of faity
acids, such as but not limited to a sucrose ester of palm oil; and a combination thereof.

Each possibility represents a separate embodiment of the tnvention.

In certain embodiments, the surfactant is selected from the group consisting of a
polysorbate, a sorbitan ester, a polvoxyethvlene fatty acid ester, a sucrose ester of a fatty
acid, glveerol monostearate, stearovl lactyvlate, lectthin, and anv combination thereof. Each

possibility represents a separate embodiment of the mvention.

Non-limiting examples of possible cationic surfactants include phosphatides, such
as phosphatidyl choline and the like; quaternary ammonium cationic surfactants, such as
hexadeeylitrimethyl ammonium bromide and the bike; pyninudinium cationic surfactants,

such as, but not limited to dodecyl pyridinium chloride; and a combination thereof.

PCT/TL2015/050784
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The anionic surfactants usefid in the preparation of the encapsulated stable ACC
mclude sodium atkyl sulfates, such as, but not limited to sodium lauryl sulfate; sodium
atkyl sulfonates: sodium atkyl aryl sulfonates, sach as sodium dodecyl benzene sulfonate
and the like; sodmum stearate; dioctyl sodiwm sulfosuccinate; sodium cholate, and

combinations thercof. Each possibility represents a separate embodiment of the invention.

The amphoternic swrfactant may  mchide  fecthin,  N-dodecyl  alanine,
cocamidopropyl amino betaine or a combination thercof. Each possibility represents a

separate embodiment of the wnvention.

The type and the amount of surfactant may be determined by a person skilled in art
s0 as to obtain the Hydpophile-Liphophile Balance (HLB) of the surfactant or the
surfactant mixture suitable for the oil-in-water emulsions. In some cmbodiments the
euncapsulated stable ACC composition comprises polysorbates, sorbitan fatty acid esters
polvoxyethylene fatty acid esters or combinations thereof. Fach possibility represents a

separate embodiment of the invention,

Encapsulated stable ACC composition may comprise about 3-60% wt. surfactant.
In some embodiments, the encapsulated stable ACC composition comprises about 3-50%
wt. surfactant. In some embodiments, the encapsulated stable ACC composition comprises
about 25-50% wit. surfactant. In some embodiments, cuncapsulated stable ACC

composition comprises about 13-36% wi. surfactant.

In certain embodiments, the encapsulation matrix further comprises at least one
surfactant. The term “surfactant” as used herein generally refers to a compound which
lower the surface tension {(or intertacial tension) between two liquids or between a liguid
and a solid. In certain embodiments, the surfactant is selected from the group consisting of
a polysorbate, a sorbitan ester, a polyoxvethylene fatty acid ester, a sucrose ester of a fatty

actd, glycerol monostearate, stearoyl lactylate, lecithin, and any combination thereof.

In some embodiments, the cncapsulation matrix comprises at least one surfactant,
or emulsifving agent. Each possibility represents a separate embodiment of the invention.
The surfactant or emulsifving agent according to some cmbodiments of the mvention, are

sciected from the group consisting of polysorbates, sorbitan esters, polvoxvethyvlene fatty

PCT/TL2015/050784
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acid esters, stearoyl lactylate, sucrose esters of fatty acids, glveerol monostearate, lecrthin,
or any other food grade surfactant approved for medicinal consumption, and combinations
thereof. Each possibility represents a separate embodiment of the invention. Optionally,

the fatty acid ester comprises glveerol monostearate.

W

In certain embodiments, encapsclation matrix forther compnses a color or a
mgment. In certain embodiments, the color or pigment are comprised in the last or

external coating layer.

According to the principles of some cmbodiments of the prescot mvention, it was

further surprisingly found that addition of at least one of the stabilizing agents, suitable for

10 stabilization of the ACC in the formulation, to the encapsulating matnix, provides
cnhanced stability of the cncapsulated ACC. Without bemmg bound to any theory or
mechanism, it is speculated that the cncapsulating matrix stabilizer can replenish s
presence at the ACC surface, 1f breached. In certam embodiments of the compositions

described above, the encapsulating matrix further comprises at least one agent stabilizing

Ju—
o

or capable of stabilizing the ACC. The term “stabilizing the ACC” or “ACC siabilizer”
refers to any agent which interacts with the ACC and keeps the ACC 1n amorphous form.
The term “capable of stabilizing the ACC” refers to any agent which does not interact with

the ACC, but upon interaction keeps the ACC in amorphous form.

In some embodiments, the at Jeast one ACC stabilizer in the encapsulation matnx

20 is the same ACC stalilizer as the at least one stabilizer in the stable ACC. Aliernatively, in
some embodimentds, the ACC stabilizer(s) in the cocapsulation matnx may be different

from the one or more stabilizers i the stable ACC. As discussed above, the ACC
stabilizer(s) 1s incorporated mto the cncapsulation matrix to aid m further stabilizing the
ACC, m casc the microencapsulation is breached ¢.g. due to dissolution or physical

25 damage. In this case, the added stabilizing agent can replemish the stabilization of the
surface attacked ACC. In some embodiments, the at least one stabilizer in the
encapsulation matrix comprises a carboxylic acid. In some embodiments, the at least one
stabilizer i the encapsulation matnx comprises a phosphoryiated organic compound or a
phosphonate compound. In some embodiments, the encapsulation matrix comprises a

30 stabilizer selected from the group consisting of citric acid, lactic acid, phosphoserme,

phosphothreoning and combimations thercof. Each possibility represcunts a scparate
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embodiment of the invention. In certain embodiments, the encapsulation matrix comprises
citric acid. In some cmbodiments, the stabilizer constitutes from about 0.1 to about 15%

wi. of the total weight of the encapsulation matnix.

In certain embodiments, the ACC stabibzimg agent is mdependently at cach

W

occurrence selected from the group consisting of an organic acid, a sulfuric ester of a
hydroxyl carboxylic acid, a sulfuric ester of 3 hydroxyl carboxvlic acid, an organcamine
compound, an organikc compound comprising a hydroxyl, an organophosphorous
compound or a salt thereof, a bisphosphonate compound, an organophosphate compoand,
an organophosphonate compound, an inorganic phosphorous acid, a polyphosphate
160 compound, an organic surfactant, a bio-cssential norganic ion, and any combination

thereof.

The encapsulated stable ACC composition may comprise about 0.1-15% wi.
stabilizer. In some embodiments, encapsulated stable ACC composition comprises about

1-10% wt. stabilizer. Optionally, the stabilizer may comprise a molecule having one or

Ju—
o

more functional groups selected from, but not himited to, hydroxyl, carboxyl, ester, amine,
phosphino, phosphono, phosphate, sulfonyl, or sulfino groups. The hydroxy bearing
compounds, combined with the hydroxide, optionally also bear other functions hike
carboxyl, etc. but with the hydroxyl not being esterificd. The organic acids may comprise,
for example, ascorbic acid or acetic acid, and optionally they include carboxylic acids
20 having at least two carboxylic groups and molecular weight not larger than 250g/mol, such

as ciric acid, tartaric acid, malic acid, ete. The organic acid may further include oxalic

actd, malonic acid, ghitaconic acid, succinic acid, maleic acid, lactic acid, aconitic acid or

combinations thereof. The esters may include, for example, phosphoenolpyruvate. In

another embodiment, the phosphoric or sulfuric esters of hvdroxyl carboxvlic acids
25 comprise amino acids, examples of which include phosphoserine, phosphothreonine,
sulfoserine, and sulfothreonine. In another embodiment, the stabilizing molecule 1s a
phosphate ester denvative of an ammno acid, such as phosphocreatine. The hvdroxyl
bearing compounds combined with hyvdroxide may compnse, for example, mono-, di- tri-,
oligo-, and polysaccharidcs like sucrosc or other polvols like glveerol. The hydroxyl

30 bearing compounds may further comprise hvdroxy acids like citric acid, tartaric acid,
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malic acid, ¢tc., or hvdroxyl-bearing amino acids such as serine or threonine. Each

possibility represents a separate embodiment of the present mvention,

Some specific unlimited examples for such ACC stabilizers that were approved for
food consumption mclude phytic acid, citric acid, sodwm pyrophosphate diabasic,
Adenosine 5'-monophosphate (AMP) sodium salt, Adenosine §'-diphosphate (ADP)
sodium salt and Adenosine 5'-triphosphate (ATP) disodium salt hydrate, phosphoscrine,
phosphorylated amino acids, food grade surfactants, sodium stearoyl lactvlate, and
combinations thereof. According to some embodiments, the stabilizer comprises at least
one component selected from phosphoric or sulfuric esters of hydroxyl carboxyhic acids,
such as phosphocnolpyruvate, phosphoscrine, phosphothreonine, sulfoserine  or
sutfothreonine and hvdroxyl bearing organic compounds, sclected from mono-, di-, tri-,
oligo- and poly-sacchandes, for example, sucrose, mannose, glucose. The hydroxyl
bearing compound mayv further comprise at least one alkali hydroxide, such as sodium
hydroxide, potassium hydroxide and the bke. The phosphorylated acids may be present in
oligopeptides and polvpeptides. In other embodiments of the invention, the stabilizer is an
organic acid, preferably a carboxylic acid, including a monocarboxylic acid, dicarboxylic
actd or tricarboxylic acid. Each possibility ropresents a separate embodiment of the
invention. The organic acid 1s preferably selected from the group consisting of citric acid,
glutaconic acid, succinic acid, tartaric acid, maleic acid, lactic

> &

oxalic acid, malonic acid

acid, aconitic acid, malic acid and combinations thergof.

In some embodiments of the mvention, the ACC stabilizer 15 selected from
phosphorviated amino acids, polyols and combinations thereof. In some embodiments, the
stable ACC comprises a stabilizer comprising of a carboxylic acid or multiple carboxylic
acids. In some embodiments, the stable ACC comprises a phosphoryiated compoond as a
stabilizer wherein the phosphorylation 1s performed on the hvdroxyl group of an organic
compound. In some embodiments, the stable ACC comprises a stabilizer selected from the
group consisting of citric acid, phosphoserine, phosphothreonine and combinations

thereof. In certain embodiments, the stable ACC comprises citnic acid.

The non-linuting eoxamples of stabilizers containing phosphate, phosphite,
phosphonate groups and salts or esters thereof include phytic acid, dunethyl phosphate,

trimethyl  phosphate, sodium pyrophosphate, tetracthyl  pyrophosphate,  ribulose
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bisphosphate, etidronic acid and other medical bisphosphonates, 3-phosphoglyeeric acid
salt, glyveeraldehvde 3-phosphate, 1-deoxy-D-xyvlulose-3-phosphate sodium salt, disthvlene
tramine pentakis{methylphosphonic acid), nimlotriémethviphosphonic acid), 5-phospho-
D-ribose 1-diphosphate pentasodium salt, adenosine 5'-diphosphate sodnim salt, adenocsine

5  S-riphosphate disodium salt hydrate, o-D-galactosaming |-phosphate, Z-phospho-L-
ascorbic acid trisodium salt, a-D-galactose 1-phosphate dipotasstam salt pentahydraie, o-
D-galactosamine I-phosphaie, (-phosphoryicthanolamine, disodivm salt hydrate, 2.3~
diphospho-B-glyeeric acid pentasodium salt, phospho{enol)pyruvic acid monosodivm salt
hydrate, D-glyceraldehyvde 3-phosphate, sn-glveerol 3-phosphate tithium salt, D-(—)-3-

10 phosphoglyceric acid disodium salt, D-glucose 6-phosphate sodium salt, phosphatidic
acid, tbandronate sodium salt, phosphonoacetic acid, DL-2-amino-3-phosphonopropionic

actd or combinations thereof. The bio-essential morganic ions may nclude, inter alia, Na,

E, Mg, Zn, Fe, P, 8§, N; P or S in the phase of oxides; or N as ammonia or nitro groups.

The stabilizer may further include phosphonate compounds such as, but not Hited
15 1o pbvtic acid or bisphosphonates; polyphosphates, such as, but not Jmmited to
pyrophosphate or polyphosphanates or organo polyphosphates, such as, but not limited (o,

adenosine diphosphate (ADP) or adenosing triphosphate {ATP).

In certain embodiments of the mveation, ACC s stabilized by phosphoserine (P-

Ser} or phosphothreonine {(P-Thr). In some embodiments, stable ACC conmprises a

20 combination of sucrose and sodium hyvdroxide. In some embodiments of the mvention,
ACC 1 stabilized by citric acid. Optionally ACC s stabilized by a combiation of

phosphoserine and citric acid.

The stable ACC may comprise a first stabilizer and a sccond stabilizer. In some
embodiments, the first stabilizer and the sccond stabilizer are similar. In other

25 embodiments, the first stabibizer and the second stabilizer compnise different stabilizers.
The first and/or the second stabilizers can be independently selected from grgamic acids;
phosphoric or sulfuric esters of hydroxyl carboxylic acids; organcamine compounds
mcluding amme acids; hyvdroxyl bearing organic compounds, including carbohvdrates;
organophosphorous compounds or salts thereof, organophosphates, organophosphonates;

30 imorganic  phosphorous  acids, polyphosphates;  bio-essential  inorganic  ions, or

combinations thereof. The stable ACC can comprisc more than two stabilizers, wherein
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the stabilizers may be same or different. The stable ACC can comprise more than two
stabilizers, wherein one or more stabilizers are added to the ACC during the formation and
precipitation of the ACC; hence constituting “internal” stabilizers, and another one or more
stabilizers are added at the ACC particle surfaces after their formation; hence, constituting
“external” stabilizers. Further examples for stable ACC and the preparation thereof may be found in

International Patent Applications Nos. WO 2009/053967 and WO 2014/024191.

The encapsulation matrix and the stable ACC may each comprise one or more stabilizers. At
least one stabilizer comprised in an encapsulation matrix may be the same as at least one stabilizer
as in the stable ACC. Optionally the stabilizer(s) comprised in the encapsulation matrix are the same
as the stabilizer(s) in the stable ACC. Alternatively, the stabilizer may be a different stabilizer. The
stabilizer of the encapsulation matrix can comprise any of the stabilizers disclosed hereinabove,
including organic acids, phosphorylated organic acids, phosphoric or sulfuric esters of hydroxy
carboxylic acids, phosphorylated amino acids and derivatives thereof, hydroxyl bearing organic
compounds combined with alkali hydroxides or combinations thereof. The encapsulation matrix
may include more than one stabilizer, such as two, three, four or more stabilizers. The stabilizers,
comprised in the encapsulation matrix can be independently selected from the list of stabilizers
disclosed hereinabove, wherein the stabilizers may be same or different. The encapsulated stable
ACC composition may comprise about 0.1-20% wt. stabilizer, wherein the encapsulating matrix
may comprise up to about 20% wt. stabilizer and the stable ACC may comprise 0.1-10% wt.

stabilizer. Each possibility represents a separate embodiment of the invention

The terms “ACC stabilizer” or “ACC stabilizing agent” as used herein are used
interchangeably and refer to any substance that contributes to preserving non-encapsulated calcium
carbonate in the amorphous state in substantially dry conditions. "Substantially dry conditions" or
“dry” refers, in some embodiments, to an ambiance of the stable ACC, containing less than 15% wt.

water relatively to the total weight of the stable ACC.

In certain embodiments of the compositions described above, the weight ratio between the ACC
core and the encapsulation matrix is 1:10 to 10:1. In certain embodiments of the compositions

described above, the weight ratio between the ACC core

Date Regue/Date Received 2021-10-18
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and the encapsulation matrix is 15 to 5:1. In certain embodiments of the compositions
described above, the weight ratio between the ACC core and the encapsulation matrix i1s
1:3 to 3:1. In certain embodiments of the compositions described above, the weight ratio

between the ACC core and the encapsulation matnixis 1:2 to 2:1.

W

The term “thick coating” as vsed herein generally refers to a laver or more of coating
which is heavier than the ACC component. In certain embodiments, the ACC constituges up
to 10% w/w while the coating constitutes at least 90% w/w of the particle. In certam
embodiments, the ACC constitutes up to 20% w/w while the coating constitutes at least 80%
wiw of the particle. In cortain embodiments, the ACC constitutes ap to 30% w/w while the
10 coating constitutes at least 70% wiw of the particle. In certain embodiments, the ACC
constitutes up to 40% w/iw while the coating constitutes at least 60% w/w of the particle. In
certain embodiments, the ACC constitutes less than 50% w/w whilg the coating constitutes

more than 36% w/iw of the pasticle.

The term “thin coating” as used herein generally refers to a laver or more of coating

Ju—
o

which is highter than the ACC component. In certain embodiments, the ACC constitutes up 1o
90% w/w while the coating constitutes at least 10% w/iw of the paticle. In cortain
embodiments, the ACC constitutes op to 80% wiw while the coating constitutes at feast 20%
wiw of the particle. In certain embaodiments, the ACC constitutes up o 70% w/iw while the
coating constitutes at least 30% w/w of the particle. In certain embodmments, the ACC
20 comstitutes up to 60% whiw while the coating constitutes at least 40% wiw of the panticle. In
certain embodiments, the ACC constitutes more than 50% wiw while the coating constitutes

less than 50% w/w of the particle.

In certain embodiments, thin coating 1s less favorable and/or changes the taste of an
edible product less than a thick coating. fn certain crobodiments, the reduction or an absence
25 ofthe silica levels in the core formulation mproves the taste of an edible product contaming

the coated ACC.

For example, the encapsulation experuunents showed a correlation between the
toading of the active ingredient and efficacy of encapsulation — an mcrease i the amount
of the encapsulating material provides an mcrease in stabilization of stable ACC under wet

30 conditions. Stable ACC loadings of as igh as about 60% wt. were found to be stable n
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encapsulated form under experimental conditions, as exemplified herein below (see for
cxample Formulation 21 below). In these cxamples, the active ingredient consisied of
stable ACC. Thus, mn some cmbodiments, the encapsulated stable ACC composttion
comprises at least about 8% wit. of the active ingredient, such as, for example, about 10%,
5  about 15%, about 20%, about 30% or about 40% of the active ingredient. In some
embodiments, the encapsulated stable ACC composition comprises at least about 5% wt.
of stable ACC, such as, for example, about 10%, about 15%, about 20% wt., about 30% or
about 40% of stable ACC. In some cmbodiments, the encapsulated stable ACC
composition comprises more than about 20% wt. of stable ACC, or more than about 30%

10 wit., or even more than about 40% of the stable ACC.

In some embodiments {(see for example Formulation 31 below) the encapsulated
stable ACC composition comprises at least about 50% of the active ingredient, for
gxample stable ACC. The Inventors showed expenmentally that after a week of
refrigerated storage abowt 90% of the encapsulated stable ACC remained ¢ncapsulated,

15 after two weeks of such storage, at least about 70% of the cncapsulated stable ACC
remained encapsulated, and after three weeks of such storage about 30% of the
encapsulated stable ACC remained cncapsulated, corresponding approximately to a

loading of more than 235 of the active ingredient.

In cortain embodiments of the compositions described above, the ACC core further

20 comprises silica.

In certain ombodiments of the compositions described above, the encapsulating

matrix completely coats the ACC core.

The phrase “at least two coating lavers™ as used herein generally refers to the ACC

core bemg coated in at least two coating steps, wherein the steps may mvolve a different

b
[

or a similar coating technique, and wherein in cach step a similar or different coating layer

is utilized to coat the ACC core (first step) or a pre-coated ACC core (second step).

in some embodimenis, the encapsulation matrix comprises a first encapsulating
agent and a second encapsulating agent, wherein the first encapsulating agent and the

sccond encapsulating agent are added to the ACC core at different steps of the preparation
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procedure. The first encapsulating agent and sccond encapsulating agent may be same or
diffcrent. In coertain ombodiments, the first cncapsulating agent and the sccond
encapsulating agent are different. The second encapsulating agent can be added in one or
more steps. The weight ratio between the first encapsulating agent and the second
encapsulating agent mayv be from about 4:1 1o about 14, The first encapsulating agent
and/or the second encapsulating agent may comprise a combination of distinet
encapsulating agents. In some cmbodiments, the encapsulation can be deposited m a
multiple-step process, depositing a multilayer coating over the ACC pariicles or
agglomerates. In such cmbodiments, the compositions of cach layer may vary. In some
cmbodiments, the infernal laver formulation can provide more stability dunng processing
of the encapsulation while the external layer provide better protection during shelf life,
better stabiity during home cooking, or a better taste during consumption, and other
functional purposes, such as controlled release of ACC wpon administration. Each
possibility represents a separate embodiment of the invention. In certain embodiments, the
internal layer formulation can provide more thermal stability during processing of the
cuncapsulation, while the external layer provide betier protection fromn hwnidity and/or

water.

In some embodiments, the encapsulation mairix 15 further coated with an external
coating. As used herein, an external coating means a substance applied onto encapsulated
ACC core after encapsulation withowt forming an additional matrix layer. For example,
such external coating mav provide water proof sealing of the encapsulation matrix
Additionally or alternatively, the coating may include one or more cxeipients, sclected
from the group consisting of lubricants, glidants, colorants, thickencrs, binders, flavoring
agents or combinations thereof. Surtable excipients may include, bt are not limited to,
titamuum dioxide, silica, tale or, boric acid and/or sugar. The external coating may
comprise an encapsulating agent. The encapsulating agent and the encapsulating agent of
the encapsolation matrix may be same or different. In certain embodiments, the coating
comprises an encapsulating material which 1s different from the encapsulating agent of the
encapsulation matrix. In certain embodiments, the weight ratio between the encapsulation

matrix and the coating may be from about 10:1 to about 1.3,
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The phrase “consists of two coating layers” as used hercin generally refors to the
ACC core being coated i two coating sieps, whercin the stops may mvolve a differentor a
similar coating technique, and wherein in cach step a similar or different coating layer is

atilized to coat the ACC core (first step) or a pre-coated ACC core (second step).

W

In certain embodiments, the encapsulation matrix consists of one coating layer
which comprises at lkast one film-formimg polymer. In certain embodiments, the

cncapsulation matrix consists of one coating laver which comprises at least one lipid.

In certain cmbodiments of the compositions described above, the cncapsulation

matrx consists of two coating lavers. In certain embodiments, the encapsulation matnx

10 consists of two ceating layers which comprise a film forming polvmer, wherein the film
forming polymer in cach layer may be the same or different. In certain embodiments, the
encapsulation matrix consists of one coating laver which comprises a film-forming
polvmer and one coating layer which comprises a hpid. In certain embodiments, the

encapsulation matrix consists of two coating layers which comprise a lipid, wherein the

Ju—
o

lipid in each layer may be the same or different.

According to some embodiments, the encapsulation matrix comprises at least two
distinct encapsulating agents. The weight ratio between the two cncapsulating agents may
be from about 4:1 to about [:4. In some embodiments, the weight ratio 1s from about 3:1
to about 103, or from about 2:1 to abowt 1.2, In certain preferred embodiments, the weight

20 ratiois about 1:1.

Specifically, the encapsulation matrix may comprise a natural resin and a protein in
a weight ratio of 4:1 to 14, or 3:1 10 1:3, or 2:1 to 1.2, or ¢ven about 1.1, Bach possibility
represents a separate embodimeni of the mvention. In other embodiments, the

encapsulation matrix comprises a nateral resin and a fatty acid in a weight ratio of 4:1 1o

b
[

14, or 3:1 to 13, or 2:1 to 1:2, or even about 1 1. Each possibility represents a separate

embodiment of the inveniion.

in some embodiments, the encapsuiation matrix comprises a first encapsulating
agent and a second encapsulating agent. Specifically, the first encapsulating agent may

compnse a natural resm, a fattv acid or a combination thercotf and the second
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encapsulating agent may comprse o1l or a fatty acid ester. In other embodiments, the first
encapsulating agent comprises a biocompatible polymer, and the second encapsulating
agent comprises oil. In some embodiments, the first encapsulating agent comprises an
edible wax, and the second encapsulating agent comprises bydrocolloid. The weight ratio
5 between the first encapsulating agent and the second encapsulating agent may be from

about 4:1 to about 1:4.

The term “hydrocolloids” as used herein refers to water soluble polymers, 1.
hydrocolioids that are capable of increasing the viscosity of the composition. In some
embodiments, the hydrocolioid comprises cellulose, a cellulose dernvative, such as for

10 example, cellulose cthers, cellulose esters, or salts thereof. Cellulose dervatives include,
but are not limited to, alkyl and hydroxyalkyleelivlose, such as, for example methyl
celbhulose, ethyl cellulose, hvdroxypropyl cellulose, hvdroxypropyl methyl cellulose,
methyl ethyl cellulose, ethyl bydroxyethyl cellulose; carboxymethyl cellulose, or
combinations thereof Lach possibility represents a separate embodiment of the present

15  invention. In some embodiments, the encapsulated stable ACC comprises a hydrocolioid
selected from the group consisting of methyl ccliulose, ethyl cellulose, bydroxyvpropyl
cellulose, hvdroxsypropvl methyl celiulose and combinations thercof Each possibility
represents a separate embodiment of the present invention. In some embodiments, the

hydroceiloid is ethyl celtulose.

20 Other suitable hydrocolloids include, but are not limited to, locust bean gum
{LB(), guar gum, xanthan gum, gum tragacanth. lambda-carragecnan, gum arabic, gum
karava, tamarind gum, hvdrolvzed gelatin. tamarind gum, feougreck gum, cassia gum, tara
gum, agar, agarose, alginate, chitin, chitosan, curdlan, gellan, konjac mannan, pectin, and
carrageenan. Fach possibibity represents a separate embodiment of the present mvention.

25 The encapsulated stable ACC composition may comprise about 2-30% wt. hydrocolloid.
In some embodinments. encapsulated stable ACC composition comprises about 2-20% wi.
hydrocolioid. In some embodiments, encapsulated stable ACC compostiion comprises

about 8-11% wi. hydrocolloid.

In some embodiments, the encapsulation matrix comprises an  iternal
30 encapsulating formuolation and exiernal epcapsulating  formulation. The internal

encapsulating formulation and cxtemal encapsulating formulation may be same or
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different or may comprise onpe or more shared components. In some preferred
embodiments, the internal encapsulating formulation and external  encapsulating
formulation are different. Specifically, the mtemal encapsulating formulation may
comprise a natural resin or a fatty acid or a combination thereof and the external
5  ecncapsulating formulation may comprise oil and/or a fatty acid ester. The weight ratio
between the mtemal encapsulating formulation and external encapsulating fornmlation

may be from about 4:1 to about 1:4.

The cncapsulation can be built up in more than two steps. Additional lavers of
encapsulation made of the same or different than the first or the second encapsulation

10 composition can be deposited as addiional coatings over the particles. In some
embodiments, no more than 5 layers are used and m some emboduments no more than two

encapsulation steps are used.

The phrase “at least three coating lavers” as used herein generally refers to the

ACC core being coated in at least three coating steps, wherein the steps may involve a

Ju—
o

different or a similar coating technique, and wheren in cach step a similar or differont
coating laver is utilized to coat the ACC cove (first step) or a pre~coated ACC core (sccond

and third steps).

The phrase “consists of three coating layers” as used herein generally refers to the

ACC core being coated in three coating steps, wherein the steps may involve a different or

20 a sinular coating technigue, and wheretn 1 cach step a similar or different coating laver is

utilized to coat the ACC core (first step) or a pre-coated ACC core {second and third
steps}.

In certain embodiments of the compositions described above, the encapsulation

matnix consists of three coating layers. In certain embodiments, the encapsulation matnx

b
[

consists of one coating layer which comprises a film forming polyvmer. and two coating
tayvers which comprise a lipid, wherein the lipid may be the same or differeot. In certain
embodiments, the cocapsulation matrix consists of two coating lavers which comprise a
film forming polymer, whersin the film formung polymer may be the same or different,

and one coating laver which comprises a lipid.
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I certain embodiments of the compositions described above, the encapsulation
matnx consisis of four coating layers. [n cortain cmbodiments, the encapsulation matrix
consists of one coating laver which comprises a film forming polymer, and three coating
layers which comprise a lipid, wheremn the Iipid may be the same or different. In certain
embodiments, the encapsulation matnix consisis of one coating laver which comprises a
lipid, and three coating layers which comprise a film forming polymer, wherein the film

forming polymer may be the same or different.

In certain embodiments of the compositions described above, the encapsulation
matrix consists of five coating lavers. In certmn embodiments, the encapsulation matnx
consists of one coating layer which comprises a film forming polvmer, and four coating

tayers which compnise a lipid, wherein the lipid may be the same or different.

in certain embodiments, the at least one coating laver comprises or consists a fatty
acid and a resin, preferably stearic acid and shellac. In certain embodiments, the at least
one coating layer comprises or consists a fatty acid and a resin, preferably steanc acid and
shelac, in a weight ratio of 4.1 to 1:4. In certain embodiments, the at least one coating
faver which comprises or consists a fatty acid and a resin, preferably stearic acid and
sheliac, in a weight ratio of 41 to 114 15 i a weight ratio of 3:1 to 11 with the stable
ACC. In certain embodiments, the at Jeast one coating layer which comprises or consists a
fatty acid and a resin, preferably stearic acid and shellac, in a weight ratio of 4:1 10 1:4 is
in a weight ratio of 2:1 with the stable ACC. In certain embodiments, the at least one
coating laver further compnses a polymer, preferably PVP. In certain embodiments, the at

loast onc coating laver docs not comprises a protemn, preferably Zeoin,

In certain embodiments, the at least one coating layer which comprises or consists
a fatty acid and a resin, preferably stearic acid and shellac, in a weight ratio of 4:1 to 1.4 13
in a weight ratio of 2:1 with the stable ACC, and further comprises an ACC stabilizer,
preferably citric acid. In certain embodiments, the at least one coating laver which
comprises or consists a fatty acid and a resin, preferably stearic acid and shellac, in a

weight ratic of 4.1 to 1:4 is1n a weight ratio of 2:1 with the stable ACC, further comprises

PCT/TL2015/050784
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an ACC stabilizer, preferably citric acid, in a weight ratio of 1:10 with the fatty acid and

the resin.

In certain embodiments, the at least one coating laver which comprises or consists
a fatty acid and a resin, preferably stearic acid and shellac, i a weight ratio of 4:1 1o 11418

P

in a weight ratto of 2:3 with the stable ACC, and further comprises an ACT stabilizer,

W

preferably citric acid. In certam embodiments, the at least one coating laver which
comprises or consists a fatty acid and a resin, preforably stearic acid and shellac, 1 a
wetght ratio of 4:1 to 1:4 19 in a weight ratic of 2:3 with the stable ACC, further comprises
an ACC stabilizer, preferably citric acid, i a weight ratio of 1:5 with the fatty acid and the
10 resin. In certain embodiments, the at least one coating laver described above is further
coated by a second coating layer comprising an oil, preferably palm oil. or a fatty-acid

ester, preferably glveeryl monostearate.

In certain embodiments, the encapsulation matrix comprises or consists of at least

two coating lavers, wherein each coating layver comprises or consists a hydrocolloid,

Ju—
o

preferably ethyl cellulose. In certain emnbodiments, the encapsulation matrix comprises of
consists of at lcast two coating layers, wherein cach coating layer comprises or consists a
hvdrocolloid, preferably ethyl cellulose, and at least one coating layer which comprises or
consists a wax and a fatty acid ester, preferably candelilla wax, sorbitan monostearate and
glyeeryl stearate. In certain embodiments, the encapsulation matrix dogs not comprise an
20 external coating laver which comprises or consists of a hvdrocolloid, preferably ethyl

cellulose.

In certain embodiments, the encapsulation matrix comprises or consisis of at least
theee coating layers which comprise or consist of a hvdrocolloid, preferably cthyl
cellulose, and at least one coating layer which comprises or consists a wax and a fatty acid

25 ester, preferably candehilla wax and glveende stearate. In certain embodiments, the
encapsulation matrix comprises or consists of at least one coating layer which comprises
or consist of a hydrocolloid, preferably ethyl ccllulose. In certain embodiments, the
encapsulation matrix comprises or consists of at least two coating lavers which comprise

or consist of a hvdrocolloid, preferably ethvl celtulose, and Colorcon.
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in certain embodiments, the encapsulation matrix comprises or consists of at least
two coating lavers which comprises or consists a wax, a fatty acid ester and a surfactant,
preforably candelilla wax, becswax, paraffin wax, glyceride stearate and Sisterna. In
certain embodunents, the encapsulation matrx comprises or consists of at least one
coating layver which comprises or consist of a hydrocolloid, preferably ethyt cellulose, and
at least two coating lavers which comprise or consists a wax and a faity acid, preferably

beeswax wax and stearic acid.

In certain cmbodiments, the encapsulation matrix comprises or consists of at least
one coating layer which comprises or consists a hydrocollod, preferably ethyl celludose,
and at least one coating laver which comprises or consists a wax and a fatty acid ester,
preferably candelilla wax, sorbitan monostearate and sorbitan tristearate. In certain
embodunents, the encapsulation matrix comprises or consists of at least four coating
lavers, wherein the first (inner) coating layer comprises or consists of a biocompatible
polymer, preferably polyethvlene glyeol (PEG) and polyvinyl alcohol (PVA); the second
coating layer cormnprises or consists of 3 wax, a fatty acid ester, a hvdrocolloid and a fatty
acid, preferably  becswax, polyoxyethyiene sorbitan monooleate and  sorbitan
monostearate; the third coating layer comprises or consists of a wax, a fatty acid ester, a
hyvdrocolioid and a fatty acid, preferably beeswax, polvoxvethvlene sorbitan monooleate,
sorbitan monostearate, methyl cellulose, and stearic acid: and the fourth {outer) coating
laver comprises or consists of a wax, a fatty acid ester, a hyvdrocolloid and a fatty acid,
preferably beeswax, polyoxyethvlene sorbitan monocleate and sorbitan monostearate. In
cerfain embodiments, the cncapsulation matrix comprises or consists of at least onc
coating laver which comprises or consists a hvdrocolloid, preferably ethyl cellulose, at
least one coating layer which comprises or consists a wax and a fatty acid ester, preferably
candelills wax, sorbitan monostearate and sorbitan tristearste, and at least one coating
layer which comprises or consists a wax and a fatty acid ester, preferably beeswax,
sorbitan monostearate and sorbitan tristearate.

In certain embodiments, the encapsulation matrix comprises or consists of at least

onc coating laver which compriscs or consists a hydrocolloid, preferably cthyl ccllulose

and Colorcon.

PCT/TL2015/050784
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in certain embodiments, the ACC core comprises silica, and the encapsulation
matnx comprises or consisis of at lcast onc coating laver which compriscs or consists a
hydrocolloid, preferably ethyvi celhylose, and at least two coating layers which comprise or

consist a wax, preferably carnauba wax and candehilia wax.

In certain embodiments, the ACC core comprises silica, and the encapsulation
matrix comprises or consists of at least four coating layers, wherein the first (inner)
coating layver comprises or consists of a hydrocollod, preferably othyl ccllulose; and at
least three coating lavers which each comprises or consists of a8 wax, preferably rice bran

wax and carnauba wax.

In certain embodiments, the ACC core comprises silica, and the encapsulation
matrix comprises or consists of at lcast two coating layers, whercin cach coating laver

conprises or consists a wax, preferably carnauba wax and candelilla wax,

in certain embodiments, the ACC core comprises silica, and the gncapsulation
matrix comprises or consists of at least four coating layers, wherein the first (inner)
coating layer comprises or consists of a hydrocoliond, preferably ethyl cellulose; the
second and third coating layers cach comprises or consists of a wax and a fatty acid ester,
preferably candelilla wax, sorbitan monostearate and sorbitan tristearate; and the fourth
{outer) coating layer comprises or consists of a wax, preferably beeswax and candelilla

Wax.

In certaim embodiments, the ACC core comprises silica, and the encapsulation
matrix comprises or consists of at least four coating lavers, wherein the first (inner)
coating layer compriscs or consists of a hydrocolloid, preferably cthyl cellulose; and at
least three coating layers which comprise or consist a wax, preferably camauba wax and

beeswax wax, and a surfactant, preforably Span 65 and Span 60.

In certain embodiments, the encapsulation matrix comprises or consists of at least
four coating layers, wherein the first (inncr) coating laver comprises or consists of a
hydrocolloid, preferably ethyvi cellulose; and at least three coating lavers which comprise
or consist a wax, preferably camauba wax and beeswax wax, and a swifactant, preferably

Span 65 and Span 64

PCT/TL2015/050784
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in certain embodiments, the ACC core comprises silica, and the encapsulation
matnx compriscs or consists of at least five coating lavers, wherein the first Gnner) coating
layer comprises or consists of a hydrocolioid, preferably ethvi cellulose; and at least four
coating lavers which comprnise or consist a wax, preferably carnauba wax and beeswax

5 wax, and a surfactant, preferably Span 65 and Span 60,

In certain embodiments, the encapsulated stable ACC composition comprises
about 5-75% wt. stable ACC; about 5-40% wt. natural resin; about 5-40% wi. fatty acid;
and about €.1-15% wt. stabilizer. Optionally, the encapsualated stable ACC composttion
comprises about 42-62% wt. stable ACC; about 2-22% wt. natural resin: about 5-22% wt.

16 fatty acid or fatty acid ester; about 1-10% wi. stabilizer; and about 10-30% wt. oil.

in som¢ embodiments, the encapsulated stable ACC composition comprises about
20-70% wi. stable ACC, about 2-20% wt. hvdrocolloid; about 5-30% wt. edible wax; and
about 5-50% wt surfactant. Optionallv, the encapsulated stable ACC composition

comprises about 20-70% wt. stable ACC; about 2-20% wit. hyvdrocolloid; about 3-50% wit.

J—
o

edible wax; about 5-30% wi. surfactant and about 2-253% wit. fatty acid or fatty acid ester,
in some embodiments, the encapsulated stable ACC composition comprises about 3-30%
wi. stable ACC, about 25-55% wi. biccompatible polymer; about 10-30% wt. oil; about 1-

B

10% wt. fatty acid ester; and about 25-55% wt. surfactant.

In certain embodiments of the compositions described above, the composttion is

20 et when mixed with a focd article. In certain embodiments of the compositions
described above, the composition, when mixed with the food article, does not alter the

taste of the food article. In certain embodiments of the compositions described above, the
composition, when mixed with the food article, docs not alter the color of the food article.

In certain embodiments of the compositions described above, the composition, when

25 mixed with the food article, does not alter the pH of the food article.

The presenmt invention further provides, in another aspect, a food product,

comprising at least one of the encapsulated ACC compositions described above,

For certain food products or applications, the average particle size is restncted to

be below 150 pm to provent unpleasant {eehing doring consumption. In some
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embodiments, the average particle size should be in the range of between about 106-200
U,

In certamn embodiments, the cncapsulation matrix of the present invention i

configured o control the release of the ACC during food digestion. As detailed herom,

W

various formmudations of encapsulated ACC, when incorporated mto liguid or soft dairy
products, showed stability both i terms of mamtaining the amorphous structure and lack
of dissolution into calcium ions. In some cmbodiments, the encapsulation provides
controlled release of calcium in the gastrointestinal {G) tract. In some embodiments, the
encapsulation matrix is configured to provide release of stable ACC in the GI tract. In
10 some embodiments, the encapsulation matrix is configured o provide release of the stable
ACC at a pH of between 6.5 and 75, In some embodiments, the encapsulation matrix s
configured to provide release of the stable ACC at a pH of below about 2. Optionally, the
encapsulation matrix is configured to provide controlled release of the stable ACC, for
cxample in the GI tract. Controlled relcase, as used herein, may be taken to mcan the
15 release of stable ACC im response to stimulation and/or time. For example, the
encapsulation matrix may be configured to provide slow selease along the GI tract or

delaved release (e.g. to a part of the GI tract).

In some embodiments, the encapsulation matrix is configured to provide controlled

release of the stable ACC, In some embodiments, the encapsulation matrix 18 configured to

20 provide release of the stable ACC in the GI tract. In some embodiments, the encapsulation
matrix 18 configured to provide release of the stable ACC at the pH of below about 2. In
certain embodiments, the encapsulation matiix is configured to provide release of the
stable ACC at the pH of below about 3. Optionally, the encapsuolation matrix 1s configured

to provide refease of the stable ACC at the pH of below about 4.

25 In certain embodiments, the food product s a dairy product. In certain
embodiments, the dairy product comprises fermented milk. In certain embodiments, the
dairy product is acidic. In certain embodiments, the dairy product is a yogurt. In certain
embodiments, the food product requires heating at a temperature of at least 50 °C before

onsumption. In ccrain e¢mbodiments, the food product s sclected from the group

30 consisting of a canned food product, a frozen food product and a powdered food product.
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The present invention forther provides, in another aspect, a food article comprising
anv one of the encapsulated ACC compositions described above.

The encapsulated stable ACC of the present mvention can be incorporated

varous food articles as a food additive. Spocificallv, the encapsulated stable ACC

W

composition can be incorporated into food articles, contaiming water. The water contents
of the food articles may be 18 a range of 5-98% of the total weight of the food article. In
some embodiments, the food product containing water i1s acidie. In certarn embodiments
the encapsulated stable ACC composition incorporated into a food article remains stable

upon exposuie of the food article to atmospheric humidity, as further detailed herein.

10 In some embediments, the encapsulated stable ACC composition incorporated into
a food article remains stabic throughout the shelf life of the food arficle. In certain
embodiments, the encapsulated stable ACC composition incorporated mito a food article
remains stable throughout the processing of the food article. Optionally, the encapsulated

stable ACC composition incorporated into a food arficle remains stable throughout the

Ju—
o

post-processing of the food aricle by a consumer {e.g. by adding mitk or water or the
like}. The cncapsulated stablc ACC composition incorporated into a food article remains
stabie upon exposure to atmospheric humidity during storage. In these embodiments the
erm "remains stable” for any duration refers to retaining at least 40% of the amorphous
phase of ACC, such as, for cxample, 50%, 60%, 70%. 80%, 90%, 23% or 98% of the
20 amorphous phase at the end of the stated duration as compared to the amount in the same
product at the beginning thercof. In some preferred embodiments, the ACC, which retains

the amoiphous phase thereof. is an undissolved ACC.

In some emboediments, the encapsulated stable ACC composition incorporated into
a food atticle remains stable when the food article is stored at a temperature of about 10 °C

25 10 25°C, such as, for example, -5 °Cto 20°C or 0 °Cto 10 °C.

The encapsulated stable ACC composition of the present invention can be
mcorporated into a dairy food article, such as, but not inuted to, yvogurt, milk, cream,
drinks based on yogurt, mitk and/or cream, including chocolate milk, flavored milk and
ice coffee, sour cream, sour mulk, sofi cheese, cotiage cheese, spread cheese, whipped

30 cream, flavored vogurts, puddings and any other dairy product comprising at least 5% wt.
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water and any vegetarian or vegan substitute thereof, including for example sov based
substitutes.

in certain embodiments, the food article contains water. In certaun embodiments,

the water content of the food article 13 from about 5 fo abowt 98% wi. In certain

W

embodiments, the pH of the food article is acidic. In certain embodiments, the food article
ts frozen or heated dunng production, storage and/or consumption. In certain
embodunents, the tfood article is exposed to microwave radiation during production,

storage and/or consumption.

According to some embodiments, there is provided a food article comprising an

10 encapsulated stable ACC composition as disclosed herein. According to some
embodiments, the encapsulated stable ACC composition retaing at feast 20% of the
calcium carbonate or at least 30% or cven at least 40% in the amorphous form thereof

once consumed 1n a food article. According to certain embodiments, the encapsulated

stable ACC composition retains at least 20% of the ACC content once consumed in a food

Ju—
o

article or at feast 30% or even at least 40% of the ACC content. In some embodiments, the
term "ACC content” may refer to the stable ACC, which remains undissolved. The food
article may be a food article containing water. The water content of the food article may be
from about 5% to about 98% wt. Optionally, the food article comprising the encapsulated
stable ACC composition is stored in drv form, and liquid is added before consumption to
20 reach a water content from about 5% to about 98% wi, and the food article may then be
further stored after adding hiquid for a prolonged period of time {¢.g. up to 4 days or cven

more).

In some embodiments, the encapsulated stable ACC composition retaing at loast

20% of the calciom carbonate in the amorphous phase thereof after a pre-market

25  preparation of a food article comprsing the composition, i the presence of water.
Optionally during such pre-market preparation, the encapsulated stable ACC 1s exposed to

an environment having water content from about 5% to about 93% wt. for a period of at

lcast 24 hours. Optionally, during storage of such tood articles the encapsulated stable

ACC 15 exposed to water content of less than 50% wi., or even less than 20% wt.
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in some embodiments, the food article is a dairy product. In certain embodiments,

the food article is an acidic dairy product. In particular embodiments, the dairy product 13
yogurt. Other dairy products can be milk, cream, drinks based on vogurt, milk and/or
cream, inchiding chocolate null, flavored oulk and ice coffee, sour cream, sour milk, soft

5 cheese, cottage cheese, spread cheese, whipped cream, flavored vogurts. puddings and any
other dairy product and any vegetarian or vegan substitute thereof, including for example

soy based substitutes comprising at least 5% wit. water. Optionally the dairy product or its
substitute comprises more than 15% wt. water and in some embodiments if comprises 50%

wi. Of more water,

10 In certain cmbodiments, the present invention provides a water-containing food
article comprising stable ACC, wherein the ACC retains at feast 20% of the amorphous
phase thereof or at least 30% or even at least 40%, for at least 4 davs or oven at least |
week. In some embodiments, the food article retaing at least 20% of the ACC content for
at least one week or at least 30% or event at least 40%. In cevtain erabodiments, the stable

15 ACC comprises a stabilizer. Optionally, the stable ACC comprises an encapsulating agent.
In some embodiments, the stable ACC comprises a combination of a stabilizer and an

encapsulating agent.

In certain embodiments, the food article is a dairy food article In certain
embodiments, the dairy food article 15 selected from the group consisting of a vogurt,

20 milk, cheese, ice cream and cream. Each possibility represents a separate embodiment of
the mvention. In certmin cmbodiments, the dawy food article yogurt. In cerain
embodiments, the thin layer coating dees not effoct on the taste of voguri, the color of the
yogurt, or the pH of the yogurt. In certain embodiments, the thin laver coating does not

effect on the taste of vogart, the color of the vogurt, and the pH of the vogurt.

25 The present mvention further provides, in another aspect, a one-step method for
preparing the encapsulated ACC composition described above, compnsing a step selected

from the group cousisting of spray-dryving or pan coating.

The present mvention further provides, in another aspect, a multi-step method for

preparing the encapsulated ACC composition described above, comprising at least two



W

10

20

CA 02956048 2017-01-23

WO 2016/016893 PCT/TL2015/050784

A
N

steps, each step independently selected from the group consisting of spray-drying, fluid-

bed coating, pan coating, and cmulsification.

The present nvention further provides methods of preparation of the encapsulated
stable ACC composition. In some embodiments, the method compnises providing an
active ingredient comprising stable ACC and encapsulating the stable ACC within an
encapsulation matrix comprising at least one encapsulating agent. Encapsulation of the
active ingredient may be performed according to any known encapsulation technique, such
as, but not limited spray-drving, flnd-bed coating, solution coating, pan coating, spray
cooling, ultrasonic spraying, melt injection, melt extrusion, emulsification, coacervation,
extrusion, co-extrusion, mnclusion complexation, encapsulation by rapid cxpansion of
supercritical fhnd (RESS), freeze- or vacunm drving, preparation of nanoparticles and
combmmations thereof. In certamn embodiments, the encapsulation technigue 15 selected
from spray-drying, fluid-bed coating, emulsification and combinations thereof. In some
embodiments, encapsulation of the active ingredient 5 a one-step process. In other
embodiments, the cncapsulation procedure 15 a muwlti-step process. In particular
embodiments, the encapsuiation procedure is a two-step process. Each of the steps of the
encapsulation procedure may inchude application of the encapsulation techniques listed

hereinabove,

In certain embodiments, the compositions described above are produced by a one-
step encapsulation process. In certain embodiments, the encapsulaiion process comprises
spray-drving or pan coating. In certain embodiments, the compositions described above
are produced by a multi-step encapsulation process. In certain embodiments, the mudti-
step encapsulation process comprises at least two steps independently selected from the
group consisting of spray-drying, fluid-bed coating, pan coating, and emulstfication. In
certain embodiments, the multi-step encapsulation process comprises encapsulating the
stable ACC by at least two layers which are the same or different i their composition or

formulation.

In some embodiments, the method of preparation of the encapsulated ACC
composition includes spray-dryving. Sprav-drving of active agent is commonly achieved by

dissolving, emulsifying, or dispersing the active ingredient 1o an agucous solution of
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carrier material, followed by atomization and spraying of the mixture into a hot chamber.
Optionally, onc may also spray-dry active agent in organic solutions.

In certain processes, cspecially those requiring high temperature steps which make

the stable ACC vulnerable toward crystalhization, it would be preferable to use organic

W

solvents nstead of water to maximize the stability of the ACC during the process and
dryving. In such cases the presence of water can be completely eliminated to levels, for
cxample, below | wit%, 5 wt%, 10 wt%, 20 wt% or 50 wi% or 80 wi% of the solvent
compostfion. In some embodiments anv of the encapsulation processes can be performed,
with cncapsulation agents that arc soluble in organic solvents including mixtures of
10 organic solvents like ethanol, acetone, propane, butane, butvl acetate, butan-1-ol, butan-2-
ol,  methvl-propan-i-cl,  methyl-propan-2-0l  methyl  acetate,  cvelohexane,

dichloromethane, hexane, cthylmethylketone, sobutene, or diethyl ether.

In some embodiments of the mvention, the encapsulation procedure includes a

solution comprising an agueous phase, an organic phase or a combination thereof where

Ju—
o

the water and the organic solvents are either muscible, partially miscible or no miscible
(henee forming an emulsion). Each possibility represents a scparate embodiment of the
mnvention. The organic phase may comprise cthanol, acetone or a combination thereof. The
aqueous phase to organic phase weight ratio may be from about 1:8 to about 1:99 water to
organic solvent. In certain embodiments, the weight ratio between the agueous phase and
20 the organic phase of the sprav-drying solution is 1:11.3. According to some preferred
embodiments, the spray-drying solution comprises a solvent consisting essentially of hike
ethanol, acetone, propang, butane, butyl acetate, butan-1-ol, butan-2-ol, methyl-propan-1-

ol, methvi-propan-Z-ol methyl  acctate, cyclohexane, dichloromethane, hexane,

>

ethvimethyviketone, 1sobutene, diethyl ether, tsopropyi-alcohol or combinations thereof.

25 In certain embodiments, the encapsulation process solution 1s essentially devoid of

water due to the solubibity parameters of hydrophobic encapsulation agents.

In some embodiments, the method of preparation of the encapsulated stable ACC
composition includes spray-dry or fluidized-bed coating. In some embodiments, the
method includes a two step encapsulation process, mcluding spray-drying and fluidized-

30 bed coating.
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Fluidized bed coating is a technique in which a coating is applied onto powder
particles in a batch process or g continuous sct-up. The powder particles are suspended by
an air stream at a specific temperature and sprayed with an atomized, coating material.
With time, cach particle will be gradually covered every time it 1s inn the spraying zope.
The coating material must have an acceptable viscosity to cnable pumping and atomizing,
must be thermally stable and should be able to phase a film over a particle surface. The
coating matenal may include an aguecus solution of hvdrocolloids or proteins.
Alternatively, a molten lpid can be used as a coating material which can be either applied
from the bottom or the top. Examples of lipids used are hydrogenated vegetable ails, fatty
actds, fatty acid esters, surfactants and/or waxes. In some preferred embodiments of the
invention, the fluid-bed coating material comprises a molten lipid, such, but not limited to

an oil or a fatty acid ester.

According to some embodiments, the method of preparation of the encapsulated
stable ACC composition mvolves eroulsification. Emmulsification procedure of a
hydrophilic active ngredient may include forming a water-in-oil emulsion comprising an
oil and an aqueous solution of the active mgredient; adding an encapsulating agent and,
optionally, a surtactant; and collapsing the agqueous phasc of the water-in-oil emuision to
phase the encapsulated active imgredient. The encapsulating agents suitable for the
encapsulation by emulsification include biccompatible polymers and fatty acid esters. Gils
forming an il phase of the water-in-oil emulsion can include liquid paraffin, vegetable

oils or medium chain triglveende oils.

In some embodiments of the invention the encapsulating procedure provides a
matny material, wherein the stable ACC 1s disiributed throughout the encapsulating
matrix. In other embodiments, the encapsulating procedure provides a core-shell matenial,
wherein the stable ACC is enclosed in a core within a shell of encapsulating material.
Optionally the encapsulating procedure provides a core~shell matenial having ACC
distributed in the encapsulating matrix. Opticnally, the encapsulating procedure provides

this core-shell material, being enclosed within a coating over the encapsulating matenal.

In certain embodiments, the ratio between the ACC powder formulation and the
solvent of the coating composition 1s up to 111 fo minimize crystallization of ACC. In certam

embodiments, the core ACC composition s sub-coated pricr to encapsulation. In somge

PCT/TL2015/050784
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embodiments such sub-coating material comprises a hyvdrocollowd selected from the group
consisting of methyl cellulose, cthyl cellulose, hydroxypropyt cellulose, hydroxypropyl
methyl cellulose and combinations thereof. In certain embodiments the encapsolation

process involves heating;

g; in some embodiments such heating may reach 80-120 °C. In

5  certain smbodiments the encapsulation s carnied in a por-aqueous environment. In some
embodiments the matrix composition comprises a solvent consisting essentially of ethanol,
acetone, propanol, propane, butane, butyl acetate, butan-1-0l, butan-2-ol, methyl-propan-
1-ol, methyl-propan-2-of methyl acetate, cyclohexane, dichloromethane, hexane,
cthylmethyiketone, isobutene, diethyl cther, 1sopropyl-alcohol or combinations thereof.

10 According to some embodiments, the encapsulated stable ACC composition 18 produced

by an encapsulation procedare including either a one-step or a multi-step process. The
encapsulation procedure can be selected from the group consisting of spray-drying, fluid-
bed coating, solution coating, pan coating, spray cooling, ultrasonic spraving, melt
tnjection, melt extrusion, emulsification, coacervation, extrusion, co-extrusion, nclusion
15 complexation, cncapsulation by rapid cxpansion of supercritical thud (RESS), frecze- or

vacuum drying, preparation of nanoparticles or combinations thereof.

According to certain cmbodiments, the encapsulation procedure of the
encapsulated stable ACC composition 18 selected from the group consisting of spray-

drying, fhed-bed coating, emulsification or combinations thereof.

20 As used herein, the teom "about"”, when referning to a measurable value such as an
amount, a temporal doration, and the hike, 1s meant to encompass variations of +/-10%, or

+/-5%, +/-1%, or even +/-0.1% from the specified value.

Having now gencrally deseribed the mvention, the same will be more readily
understood through reference to the following examples, which are provided by way of

25 iHustration and are not mtended to be limiting of the present invention.

EXAMPLES

Example 1. One-step  (sprav-drving reparation  of encapsulated  stable ACC

{Formulations 1-10).
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Materials: The matenals used were obtained as follows: stabilized ACC material
from Amorphical; PVP K90 from Acros, lot AG206330001; Glyeerine Distearate {Precitol
ATQ 3) from Gattefosse, ot 131343, Stearte actd from Merck, lot K36786561 716; Zein
from Sigma, lot SLBBIRGTY, Shellac wax free from Fluka, lot BCBIZ#43Y, absolute

5 Ethanol from I.'T. Baker, lot 1104004002, Acectone from 1T, Baker, lot 1101810004,

compressed mitrogen (200 atm} 99,995 purity from Maxima.

In order to encapsulate ACC, the compositions summarized in Tables 1 and 2
below were produced using spray-drying. The overall procedure for preparation of spray-
dried encapsulated ACC inchuded the following steps: (1) dissolation of the encapsulating

10 chemicals in an organic/water solution, (2) dispersion of fine ACC agglomerates, and (3)

spray-drying in a conventional lab scale spray-dryer.

The following procedure is representative for all the assessed compositions. A
mixture of zem:shellac was dissolved 1o a mixture of ethanol:water or acetone:water or
ctancl:acctone at about 40 “C. Then all other inactive ingrodicnts were dissolved in the

15 solution. The obtamned clear solution was cooled down to room temperature.

The appropnate amount of ACC was sieved through 430 micron mesh. The

fraction of <430 micron was dispersed i pure ethanol or acetone and homogenized n a

lab scale homogenizer at 10,500 rpro. The ACC dispersion was added to the encapsulating
excipient solution and the obtained dispersion was spray-dried under continues sfirring,

20 inlet temperature was kept at 100-110 °C, outlet temperature was kept at 73-82 °C, drying

gas was nitrogen, vielding granulated powder particles.

The following Tables 1 and 2 represent a variety of formulations and solvent

mixtures used for assessing appropriate encapsulation formulations.

Table 1. Encapsulated ACC Formudations Spray-dried from Ethanol/Water.

Form #
i 2 3 4 g G 7
.,
Ingredient {g}
Fihanol 92 97 92 92 92 92 92
Water 8 8§ 8 8 8
Zein 2 i 1.3 ) i
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Zemn  Shellac 141 0.75+0.75
Glyceride -
h aY 1% Is
Stearate 1 0.5 (.5
Stearic acid 0.5 1
PVP RSO 0.2
ACC 3 3 3 3 3 3 3

Table 2. Encapsulated ACC Fommulations Spray-dried from Acctonc/Water.

T Form. #
T 8 9 16
Ingredient (g\)\\\
Acetone G2 92 97
Water 8 3 8
Zein 2 1
Zein + Shellac =11 1+1
Stearic acid 1
PYP K90 0.2
ACC 3 3 3

Formulations 5, 7, 9 and 10 were analyzed using X-ray prior to the water testing,
and the XRD patterns demonstrated that the amorphous structure was mostly preserved
and the spray-drying process has not caused any significant crystallization. For example,

Formulation 3 showed only traces of vaterite and 0.7% of calcite {(Figure 14).

Spray-dried batches were further tested by nuxing them with water for ~30 min,
filtering the powder over 0.8 um cellulose acetate membrane and drving in vacuum oven
overmight, and reanalyred using X-ray. The XRD patterns of the waier-immersed powders
wore completely differcnt from the non-hydrated, spray-dricd powders. The mmersed
powders were completely ervstallized (mostly to caletie), as can be seen, for example,
from the XRD pattern of Figure 1B. Without being limited to any theory or mechanism, #

13 speculated that the exposure to water have caused the crystalbization of the ACC.

Formulations screened by scanming  electron microscopy (SEM) revealed
agglomerates of ACC randomly mixed with the encapsulation material. The formed
granules had irregular shape with typical particle size in the range of 5 to 20 microns. Fine
ACC particles and agglomerates were detected also at the surface of the encapsulating
materials. Without wishing to being bound by any specific theory or mechanism of action,

this could scrve an indication that at least a certain fraction of the ACC s exposed to water
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either at the external surface of the agelomerates or at intemal surfaces formed durning the

dryving formulations in which voids are formed in the agzglomerated particles.

Example 2. One-step (sprav-drving) preparation of encapsulated stable ACC, without use

of agueous media (Formulations 11-16),

5 To overcome the crystallization problem observed with Fommwulations 1-10,
additional formulations were prepared (Table 3} based on zein, shellac, stearic acid and
polyvinvipyrrolidone (PVP) excipients. To obiain cfficient encapsulation, the weight
percent of ACC was decreased trom 60% to 30-33%, and use of agueous media (water)
was eliminated during the procedure. Formulations 11-16 were tested in water for 30

10 minutes, then filtered and dried in vacuum. The obtained powders showed significantly
better stability fo water penctration than Formulations 1-10. Thus, ¢ may be concluded

that shells comprising fatty acids (stearic acid) and resins (shellac) provide ACC particl

o
<

with water resistance. ¥t has also been found that the weight ratios between the fatty acids

and the resing {e.g. 111, 0.53:1.5 or 1.5:0.3 mixtures) may be used to carefully manipulate

Ju—
o

and predeterming the degree of water resistance. The XRD results of the water immersed
Formulations 11-16 are presented in Table 4 below and i Figures 2A4-2F. The results
further indicate that the absence of agueons media in the compositions have a significantly

positive effect on the degree of preventing crystallization and crystalline phases.

Table 3. Encapsulated ACC Forandations Spray-dried from Acetone/Ethanol mixture.

Form. #
\\ i1 12 i3 14 is 16
Ingredient (g}

Acetone 30 30 30 31 32 33
Fthanol 70 70 70 69 68 67
Zein 0.5 0.2
Shellac 1 i 0.5 1.5 0.5 0.8
Stearic acid i 1 i3 0.5 i 1.5
PYP K20 0.2 072 0.2 02 05
ACC i 1 113 1.15 1.15 1.15

20 Table 4. XRD data for ACC Formulations 11-16 mncubated in water 30 minutes.

| Formulation# | 13 | 12 [ 13 | 14 | 1

%]

i6
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Vaterite (% 20 25 60 60 60 44
Calcite (%) i 6 6 2 7 2

Formulations 11 (only 31% crystallization) and 15 (67% crystallization} were
SEM-analyzed to hetter understand ACC-Resin~-Fatty acid interactions. Round shaped 3-8
micron particles and their aggregates are seen (Figures 3A and 3B) for Formulation 11
(ACC-33%; Stearne acid-33%; Shellac-33%). In contrast, very irregalar shaped particles
are observed (Figures 3C and 3D) for Formulation 15 (ACC-34%:; Stearic acid-309%;
Shellac-153%: PVP-6%; Zein~15%;), which is evidence of the ingredients incompatibility
and phase scparation. Figure 3E shows a comparative SEM image of non-encapsslated

ACC.

eparation of encapsulated stable ACC with addition

of a stabilizing agent (Formulations 17-203.

An additional spray-drying encapsulation procedure was based on the addition of
4-6% of the ACC stabilizer citric acid (CA) to the stable composition of Formudation 11
The additional compositions (Fornudations 17-20) are shown i Table 5. Without wishing
to being bound by a specific theory or mechantsm of action, it 18 contemplated that the
citiic acid reacts with the surface of the ACC and further prevents its cryvstallization.
However, it may also be possible that the deposition of citric acid at the surface of the
ACC increases its compatibility to the adhesion of the encapsulation formulation, to form

a more hermetically-sealed shell.

Table 8. Encapsulated ACC formulations spray-dried with addition of citric acid.

Form. #
A 17 i8 i9 20
Ingredient {g

Fthanol 70 70 70 70
Acetone 30 30 30 30
Shellac i 5 3 4.5
Stearic acid 1 I 3 4.5
Citric acid 0.2 0.2 0.6 0.6
ACC i i 3 3

Similarly to the previous expenments, the obtained compositions were immersed

in water for 30 sun. The dried powders were then subjected to XRD analysis, which
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showed {Figures 4A-4D) almost complete retention of ACC. Less than 3% crysiallization
was obscrved by XRD analveis.

Example 4. Two-step (sprav-drving and fluid-bed) preparation of encapsulated stable

ACC (Formulations 21-233.

Materials: The matenals used were obtained as follows: ACC material from
Amorphical; Glyceryl Monostearate (Cutina} from BASY, Stearic acid from Merck, Citric
acid from Sigma; Sheliac wax free from Fluka, Palm oil from , absolute Ethasol from J.T.
Baker, ot 1104004002 Acctone from J'T. Baker, lot 1101810004, compressed nitrogen

(200 atm) 99,993 purity from Maxima.

Process Haupment: The equipment used were obtained as follows: Senii analvtical

balances, Precisa; Aluminum foil bags and sealing machine, Swery Electronics;
Dehumidifier S&M DHUM-16 PLUS, Homogenizer ART-Micra D& No 11000; Buchs
Min: Spray-dryver B-290 equipped with cooling block {Dehumidifier B-296), compressor
and supplied gas filtering system; Lab scale fluidized bed machine; Balloons with

compressed mitrogen (200 atm} 99.995 % purity.

ACC Encapsulation Procedure and Composition

Compositions summarized i Table 7 were produced using spray-dryving and fluid-
bed coating technigues. Table 7 represents a second step encapsulation of Formulation 21
represented in Table 6. This encapsulation was performed by fluidized bed hot meit
coating approach with molten encapsulating agent comprising cither palm oil or glveerol
monostearate (Cutina). The parameters tested for the fluidized bed steps were top/bottom

spraving, feed rate, inlet tomperature, fluidized air volume and atomization air pressure,

Table 6. Encapsulated ACC Formulation obtained by Sprayv-drying Encapsulation.

Ingredient (&)
ACC Shellac Stearic acid Citric acid ¥ 1‘:3?)(g /
Form. #
21-1 165 375 375 5 218 /85
21-2 165 375 375 5 225788

PCT/TL2015/050784
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pgredient (g)
\\ Formulation #21 Palm oil Cutina Yield {g/ %%}
.
Form. # ™~
22 200 50 208 /83
23 200 50 220/ 88
Results

Optical Microscope Imases of Produced Compositions

All processes resulted in free flowing powders. The morphology of produced
powders was studied by an optical microscope. Figures SA-3C represent the images of
spray-dried composition (Formulation 21, Figure 3A), fluid beds coated by palm ol

{Formulation 22, Figure 5B) and glveervl monostearate wax (Formulation 23, Figure 5C).

As can be seen from the Figures, sphenical particles were produced in all steps.
The spray-dried particles are poly-dispersed and include rounded shapes of 3-20 mucrons.
Single particles of 7-8 microns or apgregates of more than 40 ym were found i the
samples coated by palm ¢il. In contrast, samples coated by glycervl monostearate included

aggregates of 30 um, the aggregates comprising particles of 10-18 microns.

.........................................................................................................................

The amount of Ca ions in these samples was tested by titration technique. The
results are shown in Table 8. The titration method was performed as follows: about 100mg
of Formulations 21-23 was each waighted mto a 200mL beazker, and about 30mL of
absolute Ethanol was added to dissolve the coating. Then, about 20mL of 4M HCT was
added to convert ACC to Ca”'. The rest of the procedure was performed according to an

analvtical standard titration for determining calcium content.

Table 8. Calctum assays of samples produced by a one-step or a two-siep process.

Formulation # Sample weight Tﬁ‘tra’tign volume Ca;“ % from
’ {mg) {mL) {%) theoretical
21 99 4.8 19.5 055
22 {(Palm ail) 114 37 13.0 930
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| 23(Cuting) | 104 1 38 | 147 ] 103.0

The data presented in Table 8 is further evidence that the ACC was completely

retained in amorphous phase duriag particle proparation.

Example 5. Stabilitv tests of encapsulated stabie ACC produced by one-step (spray-

drving) or two-step {sprav-drving and fluid bed) process.

5 Two major effects can deplete the ACC quantity in the encapsulated powder
formulations: its dissohition in the vogurt higuid phase, and its recrystallization.
Accordingly, the following procedure was developed for analyzing microcncapsulate
ACC stability m vogurt. Encapsulated stable ACC was compared to non-cncapsulated
stable ACC and crystalline calcium carbonate (CCCy. Each type of calcium carbonate was

10 added to a whole vogurt product and was stored for different periods of times, while being
stirred. Then, the vogurt was centrifuged and the solid phase was evaluated using Ca

titration and XRD. A blank sample of as received vogart was also tested as a control.

An amount of 600g of 3% Danone yogurt, produced by Strauss Group Ltd., was

mixed with calcium containing formulations to have S wt % calcium i 100 g of yogurt.

15 Each of the nuxed batches was separated into 12 samples and at cach of 6 different periods
of time, 2 samples were taken from each batch. Once sample was used for XRD and the
other for Ca titration. The samples were stored at 4°C - a typical temperature for storing

yvogurt in a houschold refrigerator.

At given mtervals of time, the stability of the encapsulated ACC was analyzed for

20 the Ca content of the sohid phase of the vogurt by Ca titration, mitially every day and after
the first week every two or three dayvs. About 50 mL (or less) of samples were centnfuged

at 4°C. The obtamned results were analyzed against the CCC-vogurt and blank vogurt

samples (Table ¢ and Figure 6).

The Ca titration was performed as follows. 10 mi of ddW and {1 ml of 4N H(I

2
e

solution were added to cach centrifuged specimen and shaken for ~10 seconds. If residual
solids persisted m the solution another Iml of 4N HCT were added to the testing vessel.

The last step was continued until the disappearance of any solids.
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Then 2 ml of 0.1M Mg-EDTA and 2 small amount (1-2 mg) of the indicator mix
{Enochrom black T +Na(l) were added to cach sample. About 10 ml DBW were added
until the mdicator is completely dissolved. No color is supposed to appear at this stage. 20
m} of ammonia buffer solution (NH4CI) were then added. The color of the solution was
expected to turn purple. After stirring, 0.9 mi of 0.01M EDTA was added to tum the
solation’s color to blue-dark purple. The solution was then stirred and titrated bv a flow of
(.1M EDTA placed in a burctte. The titration was completed when the color turned 1o be

clear blue with no reversing of the color.

The XRD experiments were performed on samples freeze dried for 3-5 davs. As a
control, encapsulated ACC containing 3% Ca was mixed with vogurt, centrifuged and g
sample of the solid phase was freere drnied immediatelv. The dry encapsulated ACC and
vogurt content were then sent to the XRD analvsis. The XRD spectra of the encapsulated
ACC before and after the stability test are presented in Figures 7A and 7B (Formulation
21), Figures 8A and 8B (Formulation 272), Figures 94 and 98B (Formulation 23) and

Figure 10 represents XRD spectrum of a non-encapsulated ACC mixed with yogust.

Analvsis of the Expenmental Bosults

Calcium content in the solid phase of the yvogurt without any additional calciom
supplement is about 016 wi%. In the control batch |, 9 wt% of non-encapsulated CCC was
added to yogurt and after 1 day of storing approximately 5 wi% thereof were detected in

the solid phase. This level was essentially matntained throughout the 13 days of testing,

In the encapsulated stable ACC, after 1 day only approximately 2 wi% calcium
was present 1o the solid phase of the vogurt, Since the dissolution of the Ca is below the
saturation level (4% Ca according o the above control experiment with CCC), it 1s clear
that the encapsulation protecied the ACC particles. Thus, m the first day there was
dissolution of about 60% of the encapsulated ACC mto the agueous phase of the yogurt.
Only particles within the encapsulated matrix that were in direct contact with water due o
msufficient encapsulation were womediately  dissolved during the first day of the
experiment. In contrast, ACC particles that are completely encapsulated did not dissolve

and mostly remained in their oniginal amorphous phase due to the barrier formed by the

PCT/TL2015/050784
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encapsulation matrix. The undissolved ALC maintained between 80 to 90% of s

amorphous phase throughout the 13 days of testing.

Table 8. Calcium titration results.

Day
1 2 3 4 6 7 o 13
Form. #
21 172 157 | 138 | 1&2 i6 154 | 164 | 166
22 194 | 186 | 188 | 191 18 169 | 162 | 183
23 213 |19 | 206 | 212 2 165 17 196
Non-
encapsulated | 9.08 495 58 6.12 6.2 9.03 65.04 6.59
CCe
Non-
cncapsulated | 3.12 | 295 | 316 | 3.25 3.1 288 | 203 33
ACC
Yogurt 016 | 012 | 012 | 016 | 014 | 016 | 014 | 014
{control)

Example 6. Encapsulation with ethvl cellulose using pan coating process (Formulation

26).

Solution A was prepared with ethyl cellulose (15%;) and ethanol (85%;). Ethyl
cellulose was added slowly to cthanol using high shear homogenizer vntil ethyl cellulose
was completely dissolved and the solution became clear. An amount of 400g ACC was
added to pan coating machime. Then 600g of Solution A were applied by spraving (via
spray nozzle) into the coating machine while the speed of the pan was at maximum uatil
obtaining wet granular consistency. The wet granules were dried by a fluidized bed
process. The dry granules were dry mlled (for particle size reduction) by a granulation
milling machine. The milled powder of ACC-ethyl celiulose powder was placed i a pan
coating machme. An amount of 375g of a Solution B {prepared by muxing 60g of ethyl

cellulose and 700g of ethanol) was spraved as coatings over the ACC containing powder.

The obtained granules were dricd and milled again. The milling process 15 cnitical

to achieve small particle size, so it micronized particle size is needed, different dry milling

PCT/TL2015/050784
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equipment fike ball milljer mill will be required. Any relevant coating apparatus can be

uscd {hike sprayv-dryer system). Any relevant powder grinding machine can be used,

Example 7. Encapsulation with ethvl cellulose-wax endsificrs using pan coating piocess

{Formulations 27 and 283

Formulation 27: A solution was prepared contaiming candchilla wax (80g),
Span6O=sorbitan monostearate (40g), glyceryl stearate (40g) and cthanol {(400g). The
mixture wag heated to 80-85{. An amount of 150g of the ACC-ethyl cellulose powder of
Formulation 26 was placed in a pan coating machine. Then the candelilla wax solution
was added very slowly mto the nuddle of the coating pan while the pan speed was at
maxdmum level until obtaining wet granular/dough phase. The wet Formulation was then
dried by fluidized bed process and milled using a granudation machine. The nulling
process is critical to achicve smalfest particle size, so 1f micronized particle size is needed,
different dry nulling equipment hke ball mil/jet mull should be used. Any relevant coating
equipment can be used {like spray-drver svstem}. Any relevant powder grinding machine

can be used.

Formulation 28 A Solution of cthyl ceilulose (90g) and cthanol {(ikg) was
prepared by adding cthvl ccllulose slowly to the cthanol using high shear until all cthiyd
cellulose dissolved and a clear solution was obtamed. Fonmulation 27 was placed m a pan
coating machine. The above sohution was sprayed {(400g) over the powder while the pan
speed was on maximum. The wet medium was dried by fhudized bed and sulled to form
uniform particles bv a granulating milling machine. The spraving-drving-milling process

was repeated.

Exampie 8. ACC coating with ethvi cellulose using pan cogting {Formulations 29 and 30).

ethanol (2.1kg). Ethyl ccliulose was added slowly to ethanol using high shear
homogenizer until cthyl ccllulose was completely dissolved and a clear solution was
obtained. An amount of 900g ACC was placed 10 a pan coating equipment. Solution A
(approximately 420¢g) was then spraved over the ACC while the pan speed was at

maximuam power. The wet granules-dough formulation was dried by fluidized bed dryving

PCT/TL2015/050784
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cchnology. The dry media was milied to form uniform particle size by gramulation milling
machine. The above spraying-drying-milling process was repeated four times until all

sohution A was consumed.

Formulation 30: A solution was prepared containing Nufraficients food supplement

W

coating 112A280000 White (Colorcon®) (36g) and ethanol (200g). {The Colorcon®
contains hydroxypropyl methyl cellulose, hydroxypropyl celbulose, tale, and titanmiom
dioxide) The Colorcon® was added slowly to the cthanol using high shear untid 1t was
completely dispersed. The dispersion must be white. An amount of 190g of Formulation
29 was place 1n the pan coating machine. Thea 200g of the above solution was spraved on
10 the powder while pan speed was set on maximum. The spraved fornmlation was then dried

and milled.

Formulation

Example 9. ACC coating with wax and emulsificrs bv Lodige nuxer t

31k

Solution A was prepared containing glyeervl stearate (10g), beeswax (20g),

15 candelilia wax (43¢}, ethanol (300g), sorbitan monostearate (10g), and polyoxyethylene
sorbitan monooleate (10g). All the ingredients were mixed and heated to 80-83°C. An
amount of 200g ACC was placed in a muxer granulator horzontal (Lodige). The above
solution (270g) was added very slowly while the speed of the mixer was set to maximum.

The wet formulation was dned by fhidized bed and milling using granslation milling

20 machine.

Solution B was prepared with ethanol {300g), paraffin wax {40g), glyceryi stearate
(45g). Sisterna SPOI(E473) (5g), and polvoxvethylene sorbitan monoolcate (5g). All the
ingredients were mixed and heated to 80-85C. The above granulated powder was placed in

a mixer granolator horizontal (Lodige). Solution B was added verv slowly while the speed

b
[

of mixer s set to maximum. The wet mixture was dred by fhndized bed technique. The

dred mediurn was milled by a granulation milling machine.

Example 19, ACC coating with ethvl cellulose, wax and emulsifiers using pan coating

{Formulations 32, 33 and 34).
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and heating to 835-90C. An amount of 200g ACC were placed in a nuxer gramulator
horizontal (Lodige). 130g of the solution was added very slowly while speed of mixer was
set to maximmam. A second solution was prepared with beeswax {25g), ethanol (300g),
polvoxvethylene sorbitan monooleate (20g}. and sorbian monostearate (7g) and heating
the mixture at 80-85°C. An amount of 160g of the second solution was added very slowly
while speed of mixer was set on maximum. The wet formulation was dried partially by
Hluidized bed technology. A third solution was made of beeswax {35g), ethanol {500g),
polyoxyethylene sorbitan monooleate (25g), sorbitan monostearate (10g), methyl cellulose
{20g}), and steanc acid {30g). Then, 200g of the third sclution was added very slowly to the
above dried formulation, while the speed of mixer was set to maximum. The final product

lnoked shightly wet and dough-hike.

Formulation 33 Solution A was prepared consisting of ethyi cellulose {60g) and
sthanol (600g}. 400g of ACC were placed in a pan coating maching. 600z of Solution A
was spraved over the ACC powder while pan speed was set on maximum. The wet
granules-dough consistency mixture was dried by fluidized bed drving technology and
nmulled to form uniform particles by a gramulating mithing machine. Solution B was
prepared by mixing candehilla wax (120g), ethanol (800g), ARLACELSO= sorbitan
mongstearate {60g}), and Span 65=sorbitan tnstearate (100g) and heating at 80-85°C while
stirring. The product was placed in a pan coating machine and 400g of the solution B were
poured very slowly wto the middle of the coating pan while the pan speed was set at
maximum level until a wet granular/dough consistency was achieved. The mixture was
dried by fhadized bed technology and milled to form uniform particles by granulating
milling machine Any relevant coating machine can be used to mamufacture the

formulations (for exarnaple, spray-dryer systen).

placed m a pan coating machine. 300g solution B from Formulation 32 were added very
siowly into the middle of the coating pan, while the pan speed was set at maximum level,
until a wet granular/dough phasc was achicved. The wet phase was dried by fluidized bed

technology and milled to form uniform particles by granulating milling machine.

PCT/TL2015/050784
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Example 11, ACC coating with ethvl celhulose. wax, emulsifiers and hvdrophobic flavor

an coating machine (Formuadation 353,

A batch of 50g from Formulation 33 was placed in a pan coating machine. An
ammount of 50g solution as described below was added very slowly mio the muddle of the
coating pan, while the pan speed at maximum level until a wet gramsdar/dough phase is
achicved. The solution consisted of Tutti-Frotti flavor (Sypris) (0.7%;), beeswax (12%),
cthanol (71.3%), sorbitan monostearate (6%}, and sorbitan tristearate {10%). The wet
consisiency was dried by fluidized bed technique and milled to generate uniform particles
by granulating milling machine. The dry powder was steved through 30mesh sieve. The
estimated content of the ACC in this product was in the range of 35 to 60wt% based on the

total added mgredients.

Example 12 ACC coatmme with Colorcon® coating  svstem  using  pan  coating

{Formulation 373,

Solution A was prepared consisting of Nutraficients food supplement coating
1124280000 White (Colorcon®) {(180g) and ecthanol (1.6ke}. (Colorcon® contains
hydroxypropyt methyl celfolose, hydroxypropyl cellulose, talk and titanium dioxide ) A
white dispersion was obtained. An amount of 200g ACC was placed i a pan coating
machine, 400g of Solution A were spraved over the ACC while pan speed is set to
maximum. The wet phase was dried by a fhidized bed technigue. The drv formolation
was milled to form unifonm particle size by granulation milling machine and placed m a

coating pan. The spray-dry-milling process was repeated once.

Fomulations 27 and 32 were analyzed for their Ca content by atomic absorption
{AA) analvsis, and stability of the meorporated ACC was analyzed by Raman and XRD
spectroscopics (Figures 11 and 12). Sclected batches were then tested for 3 week stability
in authentic vogurt supcrnatant solutions. The oxperiments were performed using the
solution of 3% fat yogurt (pH of about 4.2- 4.5) of Strauss Group Ltd. separated from the

solid suspension by centrifuge.

PCT/TL2015/050784
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Every week suspended ACC was collected and analyzed to determine whether or
to what cxtent ACC was stili stable or has crystallized. Three or four samples of cach
encapsulated batch of ACC were made with yogurt solution by mixing 2.5g gram of the
encapsulated formulation i 30 mf of vogurt solution. The samples were stored at 4°C n a
refrigerator during the fime of the expeniment. At the end of each week, the solutions were
filtrated and washed 3 times with ethanol {150 ml) followed by an additional wash with

acetone (150ml) to remove water and coating residucs. The remaining filtrate was

Blank (1) - wuncoated stable ACC. Uncoated stable ACC was suspended in

cthanol/acetone (50/50 bv volume) solution and heated to about 65-70°C for 10 minutes.
The suspended ACC was filtzated. dried and Raman spectroscopy tests were performed 3
times in order 0 collect the data from different sides of the sample. The Raman resufts
show 93.45%, 96.55% and 93.61% retention of the ACC amorphous phase. These results

confirm that this procedure docsn’t canse significant crystallization of the ACC.

Blank () — encapsulated stable ACC. In this procedure, each of the encapsulated

ACC Formulations in Table 10 was suspended in ethanol/acetone {30/50 by volume}
sobution and heated o about 63-70°C for 10 min. The rest of the analysis was similar to
the previous blank sample with the goal to ensure that the coating was removed from the
ACC and the spectral analvses were performed only on the ACC without the
encapsulation. The Raman analvsis in 3 diffcrent spots showed 94.35%, 9742% and

96.119% retention of the ACC amorphous phase.

Comparative test of non-encapsulated stable ACC stabilitv in Yoeurt An amount

of 2.5 g of uncoated stable ACC was mixed with 50 mi of vogurt solution that was
separated from its solids using cenirifuge. Samples from the suspension were {aken and
dried using compressed air {(a procedure that is typically used to test the stability of
synthesized ACC). The dry powder was examined by polarized microscope. A sample
taken after 3 min was still stabie. After 13 min the ACC started crystallizing {about 20%

crvstallization), After 19 mm most of the ACC was corystallized (more than 30%
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crystallizedy. As shown in Table 10, which summarizes the stability of all tested

encapsulation formulations, the stability value of the non-encapsulated ACC 18 more the 3

orders of magnitude lower than some of the improved encapsulated formulations.

Summary of stamlity tests with vanous batches of encapsulated ACC suspended in

voourt solutions for ap to 3 weeks. Table 10 summarizes the results of various batches

described m the above exampies. Batches that show stability above 15% after 1 week are

consideored suttable for commercial purposes. Batches that show stability above 30% after

3 weeks are considered particularly suntable for sclected commercial purposes.

Table 10. Crystal structure assessment of encapsulated ACC following vogurt stability

tests.
XRD Kaman
Formulation | Sample/Week . R
ot PRPWOER TOUACC | % Caleite | % Vatorite | Yo ACC
1 &0 i3 25 58.65
27 1311 50 15 35 65
Vit 35 20 45 19 - 51
i
18 i No further zmzﬂgs;s were taken after the 273
- first wock
i
i No furth . Cen after 1 21.14
10 Vil No further ana 5@@5 were taken aiter the
— first week
i
I o 63.97
v — No further analyses were taken after the
26 1] :
first week
VI
i1 71 4 25 7%.15
34 /I 68 4 28 639
Vil
141 69 6 25 72.35
33 /i 63 7 30 5728
Vil
Vi 935 .5 6 892
35 i 74 1 25 93 91
Vil 52.5

Example 14, pan-coatin
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380g ALC were inserted mto a coating pan. 330g ethyl cellulose 106% solution
(30g cthyl cellulose + 300g alcohol) was slowly added to the pan and mixed. The content
of the pan was then dried wsing 100°C blower for 2 hours and the powder was grinded

vsing 70 mesh sieve. A mixture of coating formulation: 600g alcohol, 30g bees wax [70g

candelifla wax, 6g sorbitan monostcarate and 20g sorbitan tristearate was prepared and
heated unti] boiling {coat #2). Coat #2 was added to the pan and mixed, then dred and the
powder was grinded. A muixture of coating formuldation: 340g alcohol, 50g bees wax and
30g candelilla wax was prepared and heated until boiling (coat #3). Coat #3 was added to

the pan and mixed, then dried grinded and dried agam.

Table 11. Heat resistant ACC.

Y ACC ) o
AL o Ace % ACC
N 5 ‘e < ,f’“g' /0‘
Formulation | No. of % powder (éiigi ! Gfif?na;%;/ crystalized
# coatings | calchum | wiw oo o in vogurt (3
95°C heating ‘;Vf;—‘ks)
{core) water) water) A
38 18 60 33 472 19.5
39 4 14 46.6 53.3 55.6 35.5
40 2 20 66.6 443 542 23
41 4 9 30 84.6 - 285

The data provided i Table 11 demonstrates that that there is no further
improvement on amorphous state at clevated coating layers in vogurt, so 1t 1s hypothesized
that the success of Fomulations 38-41 comes from the use of hydrophobic silica in the

core formulation, and from the vse of a sub-coating laver of ethyl cellulose.

Composition and Preparation

Formulation 38: { sub-coat + 2 coatings. 600g ACC (+625% AEROSILI00, a
hydrophilic silica) were added to 140 mesh, sieved and grinded. The powder was added to
a coating pan.  660r ethvl cellulose 10% solution (60g cthyl celivlose + 600z alcohol}
were slowly added to the pan and mixed at 300 rpra for 30 min (coat #1}. The contents
were dried using 100 °C blower for 2 hours. The powder was grinded using 70 mesh sieve.

The powder was added to coating pan. In a glass beaker, 300g alcohol, 40g camauba wax

PCT/TL2015/050784
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and 40g candelilla wax were mixed (wax mix #1). Ingredients were heated until boiling
{coat #2). Wax mix #1 was added to the pan and mixed at 350vpm for 2 min. The contents
were dried using 100°C blower for 2 howrs. The powder was grinded using 70 mesh sieve.
In a glass beaker, 350z alcohol, 40g camauba wax and 40¢g candelilla wax were mixed
5 {wax mix #2). The ingredients were heated untd boiling (coat #3). Wax mix #2 was added
to the pan and mixed at 300rpm for 2 mun. The contents were dried using 1060°C Blower
for 2 hours. The powder was grind using 100 mesh sicve. The contents were dried using

100°C Blower for 2 howurs.

Formulation 39: 1 sub-coat + 3 coatings. 240g ACC (+10% AEROSIL2(0} were

10 added to 140 mesh, sieved and grinded. The powder was added to a coating pan. 340 gr
ethyl cellulose {10% sohstion) were slowly added to the pan and mixed at 300rpm for 30

min {(coat #1). The contents were dried using 100 °C blower for 2 hours. In a glass beaker,

250g alechol, 40g rice bran wax and 40g camaunba wax {(wax mix #1}. Heat the ingredients

until boiling (coat #2). Wax mix #1 was added to the pan and mixed at 300mpm for 2 min.

15 The contents were dried using 100°C blower for 2 bours. In a glass beaker, 350g alcohol,
40g rice bran wax and 490g carnauba wax were mixed {(wax mix #2). The ingredients are
heated ontil boiling (coat #3), Wax mix #2 was added slowly to the pan and mixed at
300rpm for 2 min. The contents were dried using 100°C blower for 2 hours. The powder

was grind using 70 mesh sieve. The powder was added to coating pan. In a glass beaker,

20 150g alcohol, 10g rice bran wax and 10g carauba wax were mixed (wax mix #3}. The
ingredients are heated until boiling {coat #4). Wax muix #3 was slowly added to the pan

and mixed at 300rpm for 2 min. The contents were dried using 100°C blower for 2 hours.

The powder was grind using 140 mesh sieve.

Fommmlation 40: 2 coatings. 250g ACC {(+6.25% AEROSHL.200) were added to 140

25 mesh, sieved and grinded. The powder was added 1o a coating pan. In a glass beaker, 650g
alcohol, 35g camauba wax and 20g candelilla wax were mixed (wax mix #1). Ingredients

were heated untl boihing {coat #1}). Wax mix #1 was added to the pan and mixed at
350rpm for 2 min. The contents were dried using 100°C blower for 3 hours. The powder

was grinded asing 70 mesh sieve. The powder was added to coating pan. In a glass beaker,

30 250g aleohol, 15¢g carnauba wax and 10g candelilla wax were mixed {(wax mix #2}. The

ingredients were heated untd boiling {(coat #2). Wax mix #2 was slowly added to the pan
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and mixed at 300rpm for 2 min. The contents were dried using 100°C blower for 3 hours.
The powder was grind using 100 mesh sicve.

Fomulation 41 1 sub-coat + 3 coatings. 350g ACC (+10% SIPERNAT 508 =

hydrophobic silica) were added to 70 mesh sieve and grinded. The powder was added to a

W

coating pan. 770g ethyl cellulose (10% solution) was added to a pan and mixed at 300rpm
for 30 min {coat #1}. The contents were dried using 100°C blower for 2 hours. In a glass
beaker, 300g alcohol, 15g spand0 . 30g spands and 35g candelilla wax were mixed {(nux
#1). The ingredients were heated until botling {coat #2}. First coating laver: wax mix #1
was added to the pan and mixed at 300rpm for 2 min. The contents were dried using 85°C
160 blower for 2 hours. The powder was grinded using 70 mesh sicve. Preparation of second

coating fornudation: i a glass beaker, 300g alcohol, 13g span6t, 30g span63 and 35g

candelila wax were mixed (mix #2). The mgredients were heated until botling (coat #3).

Second coating layer: wax mix #2 was added to the pan and mix at 300rpm for 2 min. The

contents were dried using 83°C blower for 2 hours. The powder was grinded using 70
15 mesh sieve. The powder was added to coating pan. Preparation of third coating
formulation: In a glass beaker, 250g alcohol, 25g becswar and 25g candelilla wax were
mixed (mix #3). The mgredients were heated untit boiling (coat #4). Third coating layer:
wax mix #1 was added to the pan and mixed at 300vpm for 2 min. The contents were dried

using 83°C blower for 2 hours. The powder was grinded using 70 mesh sicve.

20 This example presents sub-coating + three coating layers and results n a thack,
potentially hermetic coating. This example resulted in betier heat resistance of the ACT
core formulation, t.e. less crystallization of the ACC upon heat treatment. The advantage

of multi-tayer coating is better protection of ACC from crystallization.

b
[

A laboratory glass was filled with 10mL of tap water. The water was heated to
95°C on a hot plate and stirred continuously using a stirrer. At 95 °C, 2.5g encapsulated
ACC powder was added and heating and stirring continued for 5 nun. The glass was then
removed from heat and allowed to cool to about room temperatere. Table 12 presents

XRD results after filtering and washing,
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A laboratory glass was filled with 10mlL of tap water. 2.5 gr encapsulated ACC
powder was added and mixed for 2 min. The glass was heated in a conventional domestic
microwave oven at 1,200 Watts for 1.5 min. The water reached 95-100°C. The glass was
then removed from MW and allowed to cool o about room temperature. Table 12 presents

XRE results after filiering and washing.

Table 12. XRD results.

s Nl LA
o AL %6 ACC o
f )O(QF;E Normalized %o (XRD after Normalized % crystallization
Fornmlation # SHACC (T : i - ACE : 15 Tin ACC - n yogurt Nommalized 90 ACC
95°C) Mlcmf«vavc (3 weeks)
- heating)
38 (Sub-
coating + 2 96.5 35 36.3% 7.2 48.9% 195 20.2%
fayers)
3% (Sub-
coating + 3 96.6 535 55.4% 356 37.6% 353 36.7%
favers)
48 (No sub-
coating + 2 98 443 45.2% 54.2 35.3% 23 23.3%
fayers)
41 (Sub-
coating -+ 3 936 4.6 93.4% - - 28.3 30.4%
Tayers)

Exampie 15 Heat resistance of uncoated core composition {Fornulation 42).

10

ACC particles coated by 4 coatings {a sub-coating laver of ¢thyl cellulose and three
wax composition layers. 65% ACC coated by 10.3% ethyl cellulose, 12% candelila was,
5% sorbitan tnistearate, 3% sorbitan monostearate, 2. 7% fumed silica, and 2% beeswax)
(5%} and sodiom hvdroxide {(1%) were added wnto 94% vogurt. Yogurt was heated unid
boiling {95 °C) and continued heating for 10 minutes using mixing with magnetic stirrer.
Yogurt hot solution was filtered using 400 mesh sieve. XRD result - 35% crystalling, 65%

amorphous,

Example 16 Sub-coating + 3 lavers coating of a silica-free core formulation (Formulation

44).

The coating process may be done using a coaling pan, a honzontal mixer, or other

suttable mixing devices. 380g ACC (without AERGSIL200) were added to a 2 mim sieve
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and grinded. The powder s added to coating pan. Sub-coating faver: 330 gr ethyl cellulose
10% solution (30g cthyl cellulose + 300g alcohol) were added to the pan and nux at
300rpm for 30 min (coat #1). The contents were dried using 100°C blower for 2 howrs.
The powder {powder = ACC core formulation + sub-coating laver of ethyl cellulose) was
5  grnded using 70 mesh sieve. The powder was added to coating pan. The second coating
layer (preparation of coating hydrophobic solution): in a glass beaker, 600g alcohol, 30g
becswax, 70g candelilla wax, 6gr sorbitan monostearate, 20g sorbitan tristcarate were
mixed. The ingredients were heated until boiling {coat #2}. Coat #2 (the hydrophobic
solution) was added to the pan and mixed at 350rpm for 2 mun. The contents were dned
10 using F00°C blower for 2 hours. The powder {core formulation with two coating layers)
was grinded using 70 mesh sieve. Preparation of another coating hydrophobic solution for
another coating layer: in a glass beaker, 340g alcohol, 50g bees wax and 30g candelilla
wax were nuxed. The ingredients were heated until boiling {coat #3}, then added to the
pan and mixed at 300 rpm for 2 min. The contenis were dned using 100°C blower for 2
5 hours. The powder {ACC core formulation + sub-coating layer -+ 2 hydrophobic coating
lavers) was grinded using 70 mesh siove. The contents were dred using 160°C blower for

2 hours.

The resulting product was checked for heat stability. A portion of the product was

added to botling water and Ieft for two minutes, result: 95% of the calcium carbonate of

0  the core formulation was crystalized. A portion of the product was put in a microwave at
the maxivuun temperature for two munutes, result: 84% of the calcium carbonate of the

core formulation was crvstahized.

A possible conclusion is that the addition of silica to the core formulation tmproves
the heat resistance of the ACC powder formulation that is further sub-coated and coated

25 by two coating lavers.

Example 17. Sub-coating + 4 lavers coating {Formulation 45).

105 ¢ ACC and 4% silica were milled by 70 mesh and mseried mto a muxer. The
particles were sub-coated {cold process) by 99 g of 10% cthyl cellulose solution, then
mixed, dried and milled by 70 mesh. 1% coating layer: 104 g sub-coated ACC cores were

30 mserted mto a muxer, heated, and muixed with candelila wax 2.3 g, 1s0 propanol 47 g, span
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60 1.13 o. span 65 1.84 g, dried and milled by 70 mesh. 2™ coating layer: Particles from

the previous step were mseried into a mixer, heated, and mixed with candehila wax 2 g,
alcohol 33 g, bees wax 0.7 g, span 60 0.35 g, span 63 0.35 g, dried and milled by 70 mesh.
3 coating fayer: Particles from the previous step were inserted into a mixer, heated, and
5  vuxed with bees wax 1.35 g, 27 g alcohol, span 60 0.062, span 65 0.155 g, candelila wax
3.97 g. dried and milled by 60 mesh. 4™ coating laver: Particles from the previous step
were mscricd into a mixer, heated, and mixed with bees wax 0.25 g, alechol 35 g, span 60

0.1 g, span 65 0.25 g, candelila wax 1.56 g, dried and milled by 40 mesh.

The concentration of caloium in a sample of the final encapsulated ACC product

16 was measured by ICP (inductively Coupled Plasma). The rest is considered to be the
encapsulation materials {sub-coating + 4 coating layers). XRD of the final encapsulated
ACC product was uwpon completion of coating processes {Figure 13). Furthermore,

Formulation 43 provides satisfactory crganoleptic results when inserted to yogurt.

While the present invention has been particularty desenibed, persons skilled in the arnt

Ju—
o

will appreciate that many variations and modifications can be made. Therefore, the invention
is not to be construcd as restricted to the particulary desenibed cmbodiments, rather the
scope, spirit and conecept of the invention will be more readily understood by reference to the

claims which follow.
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CLAIMS:

1. A solid encapsulated amorphous calcium carbonate (ACC) composition, comprising a
plurality of solid ACC particles each comprising:
i. an ACC core, comprising stabilized ACC comprising at least onc agent
stabilizing the ACC in amorphous form, and
ii.  an encapsulation matrix completely covering the ACC core and comprising at
least two coating layers, wherein the at least two coating layers comprise a first inner
coating layer that contacts the ACC core and comprises a film forming polymer and at
least onc other outer coating layer comprising a lipid, wherein each one of the at least
two coating layers at least partly coats the ACC core, the film forming polymer is
selected from cellulose, a cellulose derivative, methyl methacrylate, and any
combination thercof, and wherein the lipid is selected from an edible wax, a fatty acid,
a fatty acid ester, an oil, and any combination thercof,
wherein the encapsulation matrix maintains calcium carbonate in amorphous form upon

exposure to humidity or aqueous media and wherein the core is solid.

2. The composition of claim 1, wherein the encapsulation matrix maintains ACC in
amorphous form upon exposure to external temperature of at least 50 °C, aqueous media or

acidic media.

3. The composition of claim 1 or 2, wherein the cellulose derivative is selected from the
group consisting of ethyl cellulose, methyl cellulose, hydroxypropyl cellulose, hydroxypropyl
methyl cellulose, methyl cthyl cellulose, ethyl hydroxyethyl cellulose, carboxymethyl

cellulose, and any combination thereof.

4. The composition of claim 1, whercin the edible wax is selected from the group
consisting of beeswax, candelilla wax, camauba wax, Japan wax, soy wax, alfa wax, rice-
bran wax, bayberry wax, castor wax, montan wax, microcrystalline wax, paraffin wax, and

any combination thereof.

5. The composition of claim 1, wherein the fatty acid is selected from the group

consisting of stearic acid, oleic acid, palmitic acid, lauric acid, and any combination thereof.

Date Regue/Date Received 2022-04-07
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6. The composition of claim 1, wherein the fatty acid ester is a glyceride stearate or a

sucrose polystearate.

7. The composition of claim 1, wherein the oil is selected from the group consisting of a

vegetable oil, liquid paraffin, a medium-chain triglyceride oil, and any combination thereof.

8. The composition of any one of claims 1 to 7, wherein the encapsulation matrix further
comprises at least one agent selected from a natural resin, a biocompatible polymer, a

prolamine protein, an agent stabilizing the ACC, a surfactant, a color and a pigment.

9. The composition of claim 8, wherein the natural resin is shellac.

10.  The composition of claim 8 wherein the biocompatible polymer is selected from the
group consisting of polyvinylpyrrolidone (PVP), polyethylene glycol (PEG), polyvinyl
alcohol (PVA), and any combination thereof.

11. The composition of claim 8, wherein the prolamine protein is zein.

12.  The composition of claim 1 or claim 8, wherein the ACC stabilizing agent is
independently at each occurrence selected from the group consisting of an organic acid, a
phosphorylated amino acid, a sulfuric ester of a hydroxyl carboxylic acid, a sulfuric ester of a
hydroxyl carboxylic acid, an organoamine compound, an organic compound comprising a
hydroxyl, an organophosphorous compound or a salt thereof, a bisphosphonate compound, an
organophosphate compound, an organophosphonate compound, an inorganic phosphorous
acid, a polyphosphate compound, an organic surfactant, a bio-essential inorganic ion, and any

combination thereof.

13.  The composition according to claim 8, wherein the surfactant is selected from the
group consisting of a polysorbate, a sorbitan ester, a polyoxyethylene fatty acid ester, a
sucrose ester of a fatty acid, glycerol monostearate, stearoyl lactylate, lecithin, and any

combination thereof.

14.  The composition of any one of claims 1 to 13, wherein the weight ratio between the

ACC core and the encapsulation matrix is 1:5 to 5:1.

Date Regue/Date Received 2022-04-07
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15. The composition of any one of claims 1 to 14, wherein the encapsulation matrix

comprises at least three coating layers.

16. The composition of claim 15, wherein the encapsulation matrix comprises the first
mmer and the other outer coating layer, and at least one additional coating layer which
comprises a lipid selected from an edible wax, a fatty acid, a fatty acid ester, an oil, and any

combination thereof.

17. The composition of claim 16, wherein the encapsulation matrix comprises the first
mmer and the other outer coating layers and at least one additional coating layer which
comprises a film forming polymer selected from cellulose, a cellulose derivative, methyl

methacrylate, and any combination thereof.

18. The composition of any one of claims 1 to 17, wherein the ACC core further comprises

silica.

19. The composition of any one of claims 1 to 18, wherein the encapsulation matrix is

configured to provide release of the stable ACC at a pH of between 6.5 and 7.5.

20.  The composition of any one of claims 1 to 19, wherein the composition is inert when

mixed with a food article.

21.  The composition of claim 20, wherein the composition when mixed with the food

article, does not alter the taste, color and pH of the food article.

22.  The composition of any one of claims 1 to 21, wherein the encapsulation matrix
retains at least 70% of the calcium carbonate in amorphous form and undissolved, after the

composition is exposed to an aqueous medium for at least four days.

23. The composition of any one of claims 1 to 21, wherein the encapsulation matrix retains
at least 20% of the calcium carbonate in amorphous form, and undissolved, after the

composition is exposed to an aqueous medium for at least one week.

Date Regue/Date Received 2022-04-07



10

15

20

73

24.  The composition of any one of claims 1 to 21, wherein the encapsulation matrix retains
at least 20% of the calcium carbonate in amorphous form after the composition is exposed to

an acidic medium for at least one week.

25. The composition of any one of claims 1 to 21, wherein the encapsulation matrix retains
at least 10% of the calcium carbonate in amorphous form after the composition is exposed to

an acidic medium for at least three weeks.

26. The composition of any one of claims 1 to 21, wherein the encapsulation matrix retains
at least 20% of the calcium carbonate in amorphous form after the composition is exposed to
an aqucous medium at 95°C for at least 2 minutes, or after the composition is exposed to

1,200 Watt microwave radiation for at least 1.5 minutes.

27. The composition of any one of claims 1 to 26, wherein the ratio between the first layer

and the other outer layer is from about 4:1 to about 1:4.

28. A food product, comprising at least one of the encapsulated ACC compositions of any

one of claims 1 to 27.

29. The food product of claim 28, wherein the food product is a dairy product.

30. The food product of claim 29, wherein the dairy product comprises fermented milk.

31. The food product of claim 29, wherein the dairy product is acidic.

32. The food product of any one of claims 30 to 31, wherein the dairy product is a yogurt.

33. The food product of claim 28, wherein the food product requires heating at a

temperature of at least 50 °C before consumption.

Date Regue/Date Received 2022-04-07
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