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ABSTRACT

This 1nvention provides edible compositions comprising pharmaceutically or
nutraceutically active agents in particulate form homogeneously dispersed in a fat matnx,

such as chocolate or chocolate compound coating.
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DELIVERY OF ACTIVE AGENTS USING A CHOCOLATE VEHICLE
FIELD OF INVENTION

[0001] The present invention relates generally to compositions for oral consumption
comprising one or more active agents. More particularly, the invention relates to the use of a fat

matnx, such as chocolate, for delivening active agents.

BACKGROUND OF THE INVENTION

[0002] The continuing advances in medical and nutritional science have led fo the
development of a large number of pharmaceutical and nutraceutical agents which are prescribed
or recommended for a variety of indications. In many cases, the efficacy of such agents in
clinical settings is unquestioned. However, the established clinical efficacy of an agent 1s not

always realized in the population at-large, owing in part to poor patient compliance.

[0003] For example, dietary calcium i1s an essential nutrient which has been established
to play a vital role in building healthy teeth and bones, blood clotting, muscle contraction, and
nerve function. In addition to these benefits, it has been suggested that calcium reduces the risk
of recurrence of colon polyps. see Baron J.A. et al. New England Journal of Medicine 1999;
340: 101-107. Most notably, calcium reduces the risk of bone loss caused by osteoporosis in
both men and women. Not surprisingly, physicians recommend calcium supplements more than
any other dietary supplemeni.

[0004] Despite these advantages, it has been estimated that half of all Americans do not
consume sufficient amounts of calcium. More troubling, 80% of women, the group at highest

risk for developing osteoporosis, do not consume enough calcium.

[0005] This deficiency is due in part to the large daily intake of calcium that 1s suggested
by physicians. The United States Recommended Daily Allowance (“USRDA”) of calcium for
adults is 800 to 1,400 mg. The National Academy of Sciences, Institute of Medicme

recommends calcium intakes of 1,200 mg per day for people over 50 years of age and 1,300 mg

per day for people under 19 years of age. In order to meet these recommendations,
approximately 2.5 to 3.5 g of calcium carbonate, the must common source of dietary calcium,

must be consumed daily to meet the recommendations. However, it is not practical to make
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tablets containing such large amounts of calcium carbonate. Consequently, supplemental
calcium regimens typically comprise administering two tablets daily of 500 to 600 mg of
calcium. Conventional calcium tablets are therefore very large and difficult or uncomfortable to
swallow. This problem is exacerbated when excipients are also present in the formulation. As
with any solid dose pharmaceutical or nutraceutical, large tablet size often leads to poor patient
compliance. In addition to calcium supplements, this disadvantage is commonly encountered

with tablets having large amounts of active ingredients, such as multi-vitamins and high-dose

pharmaceuticals.

[0006] In other cases, poor patient comphance may result from the objectionable taste or
consistency assoctated with certain active ingredients. For example, the active agent may be
perceived as pasty, dry, dusty, chalky, bitter or may possess an unpleasant aftertaste. Vitamin B

complex, for example, 1s particularly associated with unpleasant taste.

{0007] In view of these problems, there have been numerous attempts to deliver active
agents 1n forms which are less objectionable to the consumer. One approach has been to
formulate smaller tablets which are more comfortable to swallow. In this regard, special mention

may be made of U.S. Patent Pub. No. US2005/0025811 to Levin et al. which discloses calcium

carbonate tablets having volumes which are about 20 to about 35% smaller than conventional

calcium carbonate tablets.

[0008] Other approaches have involved delivering active agents in the form of chewable
confections. This approach has received considerable attention because size restraints are not as
important as in other oral dosage forms and flavorants may therefore be added in sufficient
quantities to mask unpleasant tastes characteristic of the active agent. For example, commercial
chewable calcium supplements based on carbohydrate matrices are well known. There are
nonetheless certain disadvantages associated with these products. Notably, carbohydrate

matrices provide a hydrophilic environment which may promote microbial activity and

consequently reduce shelf-life or require the presence of antimicrobial agents in the formulation.

[0009] There 1s a continuing need in the art for oral dosage forms for delivering active
agents. It is therefore an object of the present invention to provide comestible compositions
comprising active agents which present desirable organoleptic attributes (i.e., taste and texture)

to the consumer. It is also an object of the present invention to provide comestible compositions
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comprising active agents which mask unpleasant tastes and textures associated with the active
agents. It is further an object of the present invention to provide comestible compositions

comprising active agents which are resistant to microbial activity.
SUMMARY OF THE INVENTION

[0010] In accordance with the foregoing objectives and others, the present invention
provides compositions comprising chocolate or chocolate compound as a delivery vehicle for
active agents. Chocolate 1s well-suited as a vehicle for delivering active agents in many respects.
For example, the organoleptic characteristics of chocolate are excellent for masking unpleasant
flavors associated with some active agents and imparting a smooth and creamy texture to
compositions of active agents that are otherwise undesirably gnfty. Chocolate is also a
substantially anhydrous medium and is therefore resistant to microbial growth and to hydrolysis
of water-sensitive active agents. Despite these advantages, chocolate has not found commercial
acceptance as a pharmaceutical or nutraceutical delivery vehicle, owing in part to the difficulty
of formulating chocolate compositions which comprise particulate active agents. It has
surprisingly been found that chocolate dosage forms comprising pharmaceutically or
nutraceutically effective amounts of particulate active agents may be formulated by carefully

controlling the particle size of the particulate active agent.

{0011] In one aspect of the invention, compositions are provided which comprise (i) a
particulate composttion comprising one or more active agents, and (i1) a vehicle comprising a fat
matrix. The particulate composition has a median particle diameter between about 1 ym
(micron) and about 25 pm, preferably between about 10 pm and about 13 um. The fat matrix
has a melting point between about 30°C and about 49°C. The particulate composition is
typically homogeneously dispersed throughout the fat matrix.

[0012] In another aspect of the invention, a dietary supplement is provided comprising at
least about 25 % by weight calcium carbonate powder having a median particle size between
about 1 um and about 25 um homogeneously dispersed throughout a fat matrix having a melting-
point between about 30°C and about 49°C.

j0013] In a further aspect of the mvention, an edible composition is provided comprising:
(i) a particulate composition comprising one or more active agents, the particulate composition

having a median particle diameter between about 10 pm and about 13 pum; and (11) a vehicle
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comprising a fat matrix, the fat matrix having a melting point between about 30°C and about
49°C; wherein the particulate composition 1s dispersed homogeneously throughout the fat
matrix. The particulate composition, which preferably includes calcium carbonate, may have a
distribution of particle diameters wherein about 50% or more of the bulk volume of the
particulate composition has a particle size between about + 66 % of the median diameter and

about 30% or more of the bulk volume has a particle size between about = 33 % of the median

diameter.

[0014] In yet another aspect of the invention, a dietary supplement is provided
comprising a fat matrix having a melting point between about 30°C and about 49°C; wherein a 7
g serving of the dietary supplement comprises: (1) between about 1 and about 5,000 mg of
calcium carbonate powder having a median particle diameter between about 1 pm and about 25

um; (ii) one or more vitamins selected from the group consisting of: between 1 and about 35,000

IU (Intemational Unit) of vitamin A; between 1 and about 1,000 mg of vitamin C; between 1 and
about 4,000 IU of vitamin D; between 1 and about 450 IU of vitamin E; between 1 and about 250
mcg (microgram) of vitamin K; between 1 and about 15 mg of vitamin B-1 (thiamin); between 1
and about 17 mg of vitamin B-2 (riboflavin); between 1 and about 200 mg of vitamin B-3
(niacin); between 1 and about 100 mg of vitamin B-5 (pantothenic acid); between 1 and about 30
mg of vitamin B-6 (pyridoxine); between 1 and about 4,000 mcg of vitamin B-9 (folic acid);
between 1 and about 250 mcg of vitamin B-12 (cobalamin}; between 1 and about 1,000 mcg of
vitamin H (biotin); or combinations thereof; and (111) one or more minerals selected from the
group consisting of: between 1 and about 180 mg of iron; between 1 and about 1,100 mg of
phosphorous; between 1 and about 1,500 mcg of i1odine; between 1 and about 4,000 mg of
magnesium; between 1 and about 150 mg of zinc; between 1 and about 600 mcg of selenum;
between 1 and about 20 mg of copper; between 1 and about 20 mg of manganese; between 1 and
about 2,000 mcg of chromium; between 1 and about 750 mcg of molybdenum; or combinations

thereof, wherein the calctum carbonate bowder, vitamins, and minerals are homogeneously

dispersed throughout the fat matrix.

{0015] In an additional aspect of the invention, a dietary supplement 1s provided
comprising a chocolate or chocolate compound coating matrix having a melting point between

about 35 °C and about 40 °C comprising one or more active agents selected from the group

consisting of: vitamin A, vitamin C, vitamin D, vitamin E, vitamin K, thiamin, riboflavin, niacin,
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vitamin Bg, folic acid, vitamin Bj,, biotin, pantothenic acid, calcium, phosphorus, iodine,

magnesiumm, zinc, selemium, copper, manganese, chromium, molybdenum, chioride, potassium,
boron, mckel, silicon, vanadium, lutein, lycopene, iron, tin, ginseng root, and ginkgo biloba leaf:
wherein the one or more active agents are dispersed homogeneously throughout the chocolate or
chocolate compound coating matrix and collectively comprise at least about 20 % by weight of
the chocolate or chocolate compound coating matrix; and wherein the apparent viscosity of the
chocolate or chocolate compound coating matrix comprising the one or more active agents, in

the molten state, 1s between about 500 and about 100,000 cP (centipoises) at 50°C and a spindle

rate of 20 RPM when measured on a spindle viscometer.

[0016] These and other aspects of the mnvention may be more clearly understood by

reference to the following detailed description of the invention and the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

[0017] In the following description of the invention, it is to be understood that the terms
used have their ordinary and accustomed meanings in the art, unless otherwise specified. The
term “active agent” is intended to broadly refer to any substance administered to an individual to
achieve a biological effect. @ The term “active agent” includes, without limitation,

pharmaceuticals, nutraceuticals, vitamins, minerals, herbal remedies, and the like.

[0018] The compositions of the invention comprise a fat matrix as a delivery vehicle for
an active agent. In the broadest aspects of the invention, any fat is contemplated to be suitable,
including but not limited to, saturated fats, mono-unsaturated fats, polyunsaturated fats, trans
fats, and combinations thereof. Preferably, the fat is one which is solid at room temperature. In
this regard, particular mention may be made of saturated fats comprising fatty acids having
between 12 and 18 carbon atoms such as lauric, mymstic, stearic, and palmitic acids, including,
without limitation, vegetable shortening, butter, milk fat, coconut oil, palm oil, palm kemel oil,

and hardened or hydrogenated vegetable oils. A particularly interesting fat is cocoa butter.

[0019] The skilled artisan will recognize that cocoa butter comprises varying amounts of
palmitic-oleic-palmitic (POP), palmitic-oleic-stearic (POS), stearic-oleic-stearic (SOS), palmitic-
oleic-oleic (POO), and stearic-oleic-oleic (SOO) triglycerides, depending on the country of
origin. Cocoa butter 1s known to sohdify mto six polymorphic forms (often numbered as Forms

[-VI), each of which comprises a fat matrix (1.e.,, a three-dimensional arrangement of fat
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molecules) that 1s substantially crystalline. Each of the forms has a different melting range, as

shown in Table 1.

Table 1.

MELTING RANGES OF CRYSTALLINE FORMS OF COCOA BUTTER

Polymoq:h Mel%ing Range (°C)-
T 1618
11 22-24
I 24-26
IV 26-28
V 32-34
\4! 34-36
[0020] While each of the polymorphs is contemplated to be a useful variant of the

invention, preferred embodiments will comprise cocoa butter in Form V. The Form V
polymorph 1s solid at room temperature but advantageously melts below mouth temperature to

provide a smooth mouthfeel and organoleptically pleasing experience when consumed.

[0021] In one embodiment, the fat matrix 1s provided by the cocoa butter in chocolate.
Chocolate that is suitable for use 1n invention may be either a solid or liqﬁid at room temperature,
but typically will be a solid, and preferably will comprise the Form V polymorph of cocoa butter.
However, the term “chocolate” is not limited to any particular polymorph and is not necessarily
crystalline. Typically, cocoa butter comprises from about 5% to about 100% of the total fat of
the chocolate. While many desirable chocolate products will have cocoa butter contents toward
the upper end of this range, well known advances in chocolate technology have allowed
substantial amounts of cocoa butter to be replaced by other fats, including, but not limited to,
vegetable oils and the like, without sacrificing the orgamoleptic, textural, and mouthfeel
properties of chocolate. With due regard to such advances in chocolate formulation, the
compositions of the present invention, in the broadest sense, are not limited to any particular
cocoa butter content. Nonetheless, certain desirable embodiments favor the use of substantial
quantities of cocoa butter. Therefore, various -embodiments of the invention presently
contemplated to be useful include those having from about 10 %, 15 %, 20 %, 25 %, or 30 % to
about 70 %, 75 %, 80 %, 85%, or 90 % cocoa butter by weight of the total fat content.
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Exemplary embodiments have a cocoa butter content ranging from about 40 % to about 100 %,

about 50 % to about 100 %, about 60 % to about 100 %, about 70 % to about 100 %, about 80 %
to about 100 %, and about 90 % to about 100 % by weight of the total fat content of the
chocolate. Within the broad range of cocoa butter content (i.e., from about 5 % to about 100 %
by weight of the total fat content), it is contemplated that the lower and/or upper limits of that
range may be increased or decreased, respectively, by intervals of about 5 %, each such sub-

range being contemplated as an embodiment of the invention.

[0022] Suitable chocolate may be obtained using any of the various processes known in
ihe art as described 1n, for example, The Science of Chocolate, by Stephen T. Beckett, The Royal
Society of London (2000). ' . The term “chocolate”
includes, without lhmitation, sweet chocolate, semi-sweet choéolate, dark chocolate, milk
chocolate, white chocolate, couverture chocolate, baking chocolate, and any of those for whiéh a
standard of idenfity has been established by the U.S. Food and Drug Administration under 21
C.F.R. §163, Subpatt B. Of course, it is within the scope of the invention to include other food
components commonly found in chocolate confections, such as nut .meats, nut butters, puffed
grams, fruit, soy, caramel, and the like. Suitable chocolate may be obtained using any of the

various processes known i the art as described in, for example, The Science of Chocolate, by

Stephen T. Beckett, The Royal Society of London (2000).

[0023] In another embodiment, the fat matrix 1s provided by a so-called “compound
coating.” The term “compound coating” refers to any cocoa flavored confectionary product
wherein some or all of the cocoa butter of chocolate is replaced with a lauric or non-lauric hard
butter, such as vegetable fat, Suitable compound coatings are well known in the art and include,

for example, those disclosed U.S. Patent Nos. 6,251,448 to DeStephen et al., 5,932,275 to Nalur,
and 4,430,350 to Tresser. . o ' Other suitable

compound coatings are described in Chapter 6 of Chocolate, Cocoa, and Confectionery: Science

and Technology, by B. W. Minifte, 3™ Edition. -

[0024] - The amount and type of vegetable fat may be chosen to vary physical properties

of the chocolate or compound coating, such as melting point or hardness. For example, if some
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of the cocoa butter naturally found in the cocoa beans 1s replaced with a cocoa butter replacer

(e.g., a vegetable oil such as palm kernel o1l, coconut oil, or soybean o1l), the resulting chocolate

or compound coating 1s softer and the melting point is reduced. On the other hand, 1f some of
the cocoa butter is replaced with a cocoa butter equivalent having higher amounts of stearic acid-
oleic acid-stearic acid (SOS) moieties than cocoa butter, the melting point 1s increased. Such
techniques of modifying the physical properties of chocolate based on fat eutectics are well
known in the art and are discussed in detail in The Science of Chocolate, by Stephen T. Beckett,

The Royal Society of London, Copyright 2000. A useful melting point range for chocolate
according to the present invention is between about 15 °C and about 40 °C, more preferably
between about 20 °C and about 39 °C, even more preferably between about 32 °C and about 38
°C, and most preferred between about 32 °C to about 34 °C. The melting point of a compound
coating may be higher than that of conventional chocolate. The higher melting point of
compound coating offers the advantage of stability over a wide range of ambient temperatures.
A useful melting point range for chocolate compound coating according to the present invention
is between about 33 °C and about 49 °C, more preferably between about 35 and about 44 °C,
even more preferably between about 36 °C and about 38 °C.

[0025] The physical properties of the chocolate may also be varied by changing the type
of cocoa butter that is used or the milk fat content. For example, the melting point of chocolate
may be varied by judicious choice of the type of cocoa butter. As a non-limiting example, when
Malaysian cccoa butter 1s used, the resulting chocolate has a higher melting tcmpcrature than
when Brazilian cocoa butier 1s used. Alternatively, the melting point of the chocolate can be
varied by changing the amount of milk fat. In particular, the melting point of the chocolate may

be lowered by increasing the amount of milk fat.

[(0026] Suitable active agents are not particularly limited and include any substance
possessing beneficial biological activity to a human. The active agent may be a liquid or a sohd
at ambient conditions. Solid active agents may suitably be in the form of a powder. The active
agent is dispersed substantially homogeneously throughout the chocolate or compound coating to
form a comestible composition with a smooth texture. This may be achieved, for example, by
either adding the active agent immediately before or during the conching step of chocolate
production, or during a subsequent molding step. When the active agent 1s in particulate form, 1t

is preferred, but not necessary, to add the active agent during the conching step to ensure that the
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particles are substantially coated with fat. On the other hand, if the active agent is soluble in

melted chocolate, or if the active agent cannot be subjected to physical gninding, the active agent
may be blended with the chocolate tmmediately prior to the molding step. Such is the case for
Vitamin D3, for example, because it is normally manufactured with a fragile protective coating
that prevents degradation, so that it is not amenable to grinding. If desired, the solubility of the

active agent in chocolate may be increased by combining the active agent with an emulsifier

prior to it being added to the chocolate.

f0027] In a particularly interesting embodiment, the active agent is 1n particulate form,
preferably a i:owder. In the broadest aspects of the invention, the powder is typically one having
a median particle diameter of about 1 to about 25 um, preferably about 4 to about 15 um, and
more preferably between about 10 and about 13 pm. Surprising results have been obtained with
powders having a median particle diameter of about 10 pm to about 13 pm. Specifically
included wﬁbm this range are powders having an average particle size of about 10 pm, about 11
um, about 12 pm, and about 13 pm. When the average particle size is within the range of about
8 and about 12 pm, it has surprising been found that large amounts of particulate additives may

be included without adversely effecting the viéqosity of the chocolate melt. In this regard, 1t has
been discovered that chocolate and compound coating may be prepared having at least about

10% by weight, 20% by weight or more, 25% by weight or more, and even 30% by weight or
more, calcium carbonate powder having an average particle size between about 10 um to

about 13 um. The resulting products have a texture and mouthfeel comparable to chocolate

or compound coating to which calcium carbonate powder has not been added.

. [0028] In other exemplary embodiments, the powder has a median particle size of about
2 um, about 4 um, about 6 um, about 8 pm, about 10 pm, about 12 um, about 15 pm, or about 20
um. The particle size distribution is typically broad. Io one embodument, the particle size

distribution has a full-width at half maximum (FWHM) that is at least about 5% of the median
particle size, preferably at least about 15% of the median particle size, more preferably at least
about 25% of the median particle size, and even more preferably, at least about 50% of the
median particle size. In one nteresting embodiment, the median particle size of the active agent

is about 12 pum and the FWHM of the particle distribution 1s about 5 pm.
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[0029] The micron-sized powder comprising the active agent may be produced by
physical comminution of an active agent to a desired median particle size and/or particle size
distribution by physical grinding, millmg and the like. Methods are known in the art for
producing fine powders, non-limiting examples of which include granulating, hammer milling,
jet milling, ball milling, media milling or grinding by using a mortar and pestle. It 1s within the
ordinary skill in the art to provide powders of active agerits having any desired median particle

size and particle size distribution.

[0030] In other embodiments, active agents which themselves are not in particulate form
may be converted to particulate form before incorporation into the fat matrix. Powders of active
agent may be obtained, for example, by applying an active agent to a pharmaceutically inert
particle support, such as lactose, cellulose, silica and the like. This approach may be desirable,
for example, where the required amount of active agent is so small that it becomes difficult to
handle or to measure accurately. By applying the active agent to a particle support, the active
agent becomes spread over a greater amount of materal, so that conventional sample handling or
measurement methods can be employed without sacrificing a substantial portion of the active
agent. Suitably, the active agent is 'dissolved or suspended mm a pharmaceutically acceptable
liquid or is itself a liquid. The active agent may be applied to the particle support by any of the
methods known in the art for coating powders, including spray coating or fluidized bed coating.
To promote adhesion of the active agent to the particle support, the pharmaceutically acceptable
liquid optionally may comtain ain adhesion agent. The adhesion agent may be, for example, a
pharmaceutically acceptable polymer that helps to entrap the active agent on the surface of the
particle support during the powder coating process or after the liquid has evaporated.
Alternatively, the active agent may be microencapsulated with a shell matenal. Techniques for
producing microencapsulated materials are well know in the art. Powders comprising
microencapsulated active agents or active agents dispersed on a particulate support will have the

same median particle size and particle size distribution described above.

[0031] One aspect of this invention 1s the recognition that it 1s advantageous to control
the particle size range of the particulate active agent in order to obtain high levels of
incorporation of the active agent without having deleterious effects on the texture and
organoleptic properties of the chocolate or compound coating composition. Without wishing to

be bound by any theory, it is believed that when the median particle size of a particulate active
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agent is very small {(e.g., below about 10 microns), the total surface area of the active agent

becomes very large, according to the well known relationship between particle size and surface
area. When this happens, the particulate active agent may not be sufficiently coated by the
limited amount of fat in the chocolate, resulting 1n madequate incorporation of the active agent

into the chocolate and/or increase in the viscosity of the chocolate or compound coating. On the

other hand, when the median particle size of the active agent is greater than about 15 pm the
chocolate or compound coating is perceived as being overly gritty and lacking the smooth texture
normally associated with chocolate and compound coating. The finding that powders having a
median particle diameter of about 10-13 pm can be formulated into chocolate and compound
coatings at high levels is particularly surprising in light of conventional wisdom which dictates
that 1t 1s necessary to provide active agenis i the sub-micron range. See e.g. U.S. Patent No.

4,609,543,

[0032] Another aspect of the inveﬁtion 1S theréfore to provide high levels of
incorporation of a powder 1nto a fat matrix, such as chocolate or chocolate compound coating,
without deletenous effects on the viscosity of melted or liquid matnx. Without wishing to be
bound by any particular theory, it is believed that the viscosity of melted or liquid cilocolate will
depend, at least in part, on both the particle size and particle size distribution of the powder.
Small particles present a greater surface area to be solvated by fat. Thus a very large surface
area of a bulk powder can dismpt the packing of fat molecules due to the ordering required to
[ully solvate the powder. Further, when the parlicle size distnbulion of the particulate active
agent Lis very narrow, the packing of the active agent particles in the fat matnx is inefficient,
limiting the amount of active agent which can be tncorporated m the chocolate or compound
coating. By providing a powder with a broad particle size distnbution, tighter packing of the

powder is possible and thus less fat is required to solvate small clusters of active agent on a
weight basis.

[0033] The apparent viscosity of the melted fat matrix, including chocolate or chocolate
compound coating, should be within a range suitable for forming solid bars when cooled to room
temperature. Typically, the apparent viscosity of the melt will be within +50%, preferably
+25%, more preferably £ 10%, and more preferred still £ 5% of the apparent viscosity of

comparable fat matrix to which the particulate agent has not been added. In some embodiments,
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the melted chocolate or chocolate compound coating will have an apparent viscosity of about
500 to about 200,000 cP (centipoises), about 1,000 to about 100,000 cP, about 5,000 to about
50,000 cP, about 10,000 to about 40,000 cP, or about 15,000 to about 30,000 cP at 50°C and a
spindle rate of 20 RPM. Typically, although not necessarily, the apparent viscosity of chocolate
or chocolate compound coating in the absence of particulate additives such as calctum carbonate
powder will be about 10,000 to about 30,000 cP, and more typically about 25,000 cP, as
measured on a Brookfield viscometer model DV-11+ using an LV1 spindle operating at 20 RPM
at about 56 °C. It will be recognized however, that due to the large differences in viscosity
among the various types of chocolate and chocolate compound coating, these values are merely
illustrative and are not representative of all chocolate and chocolate compound coating, or other

fat matrices, within the scope of the invention.

[0034] In certain embodiments of the invention, the active agent is a nutraceutical, such
as a vitamin or a substance derived from a plant or animal source. Non-limiting examples of
suitable agents include vitamins A, Bg, Bz, C, D, E, K, thiamin, riboflavin, niacin, folic acid,
biotin, pantothenic acid, calcium, phosphorus, iodine, magnesium, zinc, selenium, copper,
manganese, chromium, molybdenum, chloride, potassium, boron, nickel, silicon, and vanadium.
Nutraceuticals derived from plants or amimals may include, without limitation, aloe, biiberry,
black cohash, chamomile, chasteberry tree, chondroitin, co-enzyme Q10, dong quai, echinacea,
evening primrose oil, feverfew, garlic, ginger, gingko biloba, ginseng, glucosamine, green tea,
guarana, hawthoin, horse chestnut, isoflavones, kava-kava, lutein, lycopene, milk thistle, ncttle,
omega-3 fatty acids, sam-e, St. John’s wort, docosahexaenoic acid (DHA) and eicosapentaenoic

acid (EPA), saw palmetto, tea tree oil, valerian, and yohimbe, and the like.

[0035] Calcium carbonate is a currently preferred active agent according to the mvention.
It is well known in the art that calcium carbonate powders having a variety of median particle
diameters are commercially available. For example, food grade and USP grade calcium
‘carbonate powders having median particle diameters ranging from 0.7 to 20 pm are available
from suppliers such as Omya, Inc. (Alpharetta, Georgia), Omya Arizona, Inc. (Lucemne Valley,
California), J.M Huber Corp. (Atlanta, Georgia.), and Minerals Technologies Inc. (New York,
New York). Suitable calcium carbonate powders having a median particle size of 15 um, in

some embodiments, may be characterized by a distribution where about 65% or more of the bulk

volume of the powder has a particle size between 5 and 25 pm (* 66 % from the median) and



CA 02752522 2011-09-15

WO 2007/137131 PCT/US2007/069171
13
about 40% or more of the bulk volume has a particle size between about 10 and 20 pm (£ 33 %

from the median). Similarly, suitable calcium carbonate powders having a median particle size

of 12 ym, according to one embodiment, may be characterized by a distribution where about
50% or more of the bulk volume of the powder has a particle size between 4 and 20 um (& 66 %
from the median) and about 30% or more of the bulk volume has a particle size between about 8
and 16 pm (+ 33 % from the median). Suitable calcium carbonate powders having a median

particle size of 6 um, according to one embodiment, may be characterized by a distribution
where about 55% or more of the bulk volume of the powder has a particle size between 2 and 10

um (£ 66 % from the median) and about 25% or more of the bulk volume has a particle size

between about 4 and 8 um (£ 33 % from the median). Suitable calcium carbonate powders
having a median particle size of 3-4 um, according to one embodiment, may be characterized by
a distribution where about 50% or more of the bulk volume of the powder has a particle size
between 1.2 and 5.8 pm (& 66 % from the median) and about 25% or more of the bulk volume
has a particle size between about 2.3 and 4.7 um (= 33 % from the median). Suitable calcium

carbonate powders include, but are not limited to those available from OMYA, Inc. under the
tradenames OMYA-Cal FG 15, OMYA-Cal USP 15, OMYA-Cal LL OC FG 15 BTH, OMYA-
Cal LL USP 15, OMYA-Cal LL USP 15 BTH, OMYA-Cal FG-10AZ, OMYA-Cal FG-6AZ, and

OMYA-Cal USP-4AZ.

[0036] In other embodiments of the mvention, the active agent or particulate active agent
15 a pharmaceutical. Non-limiting examples of suitable pharmaccuticals include anti-infectives
such as antibiotics and antiviral agents; analgesics and analgesic combinations; local and general
anesthetics; anorexics; antiarthritics; antiasthmatic agents; anticonvulsants; antidepressants;
antihistamines; anti-inflammatory agents; antinauseants;, antineoplastics; antipruritics;
antipsychotics; antipyretics; antispasmodics; birth control preparations, cardiovascular
preparations (including calcium channel blockers, beta-blockers, beta-agonists and
antiarrythmics); antihypertensives; diuretics; vasodilators; central nervous system stimulants;
cough and cold preparations; decongestants; diagnostics; hormones; bone growth stimulants and
bone resorption inhibitors; immunosuppressives; muscle relaxants; psychostimulants; sedatives;

tranquilizers; proteins, peptides and fragments thereof, and the like.

[0037] Typically, particulate active agents will be incorporated into chocolate or

compound coating at levels between about 0.5% to about 50% on a weight basis. More
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typically, the active agent will comprise about 1 to about 30% by weight of the chocolate or

compound coating. By practicing the methods of this invention, 1t is possible to obtain active

agent-containing chocolate or compound coating confections with a smooth texture, even if
relatively large amounts of active agent are present, for example 20 % by weight or more, 25 %
by weight or-more, and even 30 % by weight or more. By way of example, a piece of chocolate
having a total weight of about 7 grams will typically, though not necessarily, contain from about
1 mg to about 1,800 mg of active agents.

Example 1
[0038] The effect of calcium carbonate particle size on the properties of chocolate
compound coating was examined.
[0039] Samples A-D were prepared by blending the calcium carbonate powders shown in

Table 2 with melted dark compound chocolate (Peters, 33% cocoa butter and butter fat) at a
weight ratio of calcium carbonate to compound chocolate of 1:3.4. The melted compound
chocolate/calcium carbonate mixture was conched and allowed to solidify. The solid mixture -
was remelted and Vitamin D; was blended in at a weight ratio of about 1:13 Vitamin D; to
chocolate compound/calcium carbonate muxture. The melted chocolate compound mixtures
containing calcium carbonate and Vitamin D3 were molded to form chocolate bars having a

weight of 7 grams. The chocolate bars nominally contained about 5.1 grams of chocolate, about

1.5 grams of calcium carbonate powder, and about 400 mg of Vitamin Ds.

[0040] The chocolate bars corresponding to each of the different size calcium carbonate
powders (samples A—D) were visually inspected by examining the outside surface of each bar
and a cross section of the bar to assess the homogeneity of the product. The bars were also tasted
fo determine the effects of the calcium carbonate and/or Vitamin D; on the organoleptic

properties of the chocolate compound coating. The results are summarized in Table 2.
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Table 2.

A -

EFFECT OF PARTICLE SI1ZE ON CALCIUM-FORTIFIED CHOCOLATE COoMPOUND COATING

ERam
e ——— e T a—

Sample Calcium carbonate Median Diameter Observations
A OMYA-CAL FG-4 A7 4 um Pasty texture/chalky taste
Inhomogeneous
B OMYA-CAL FG-6 AZ 6 um Pasty texture/chalky taste
Inhomogeneous

C OMYA-CAL FG-10 AZ 12 um Smooth/normal chocolate

homogeneous
D OMYA-CAL FG-15 AZ 15 um Pasty texture/chalky taste
Inhomogeneous
{0041] Visual Inspection revealed that the calcium carbonate powders havin g median

particle diameters of 4, 6, and 15 microns (samples A, B, and D) did not blend homogeneously
with the chocolate compound coating. Regions of localized calcium carbonate powder
inhomogeneity were clearly visible on the surface and interior of the chocolate bars. Samples A,
B, and D were described as having a “chalky” taste and a “pasty” mouthfeel not normally
associated with chocolate or chocolate compound coating. In contrast, sample C, comprising 12
micron median particle diameter calcium carbonate powder, yielded a homogeneous bar with no
indication of localized clumping of calcium carbonate powder. Moreover, the chocolate bar had

a mouthfeel and taste substantially identical to that of a mormal (i.e., unfortified) chocolate

compound coating.
Example 2

[0042) The eftect of mixing two calcium carbonate powders of differing particle size on

the properties of chocolate compound coating was examined, as shown in Table 3.
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Table 3.

———— —

MIXTURES OF CALCIUM CARBONATE POWDERS OF DIFFERENT MEDIAN DIAMETERS

——— —g,

AR 0 ettt

Sample Calcium carbonate I;\;I aii?:;r Observations
A Pasty texture/chalky Easte
Example 1) OMYA-CALFG-4 A2 4 um Inhomogeneous
(Examp g
D Pasty texture/chalky taste
-CAL
(Example 1) OMYA-CALTG-I> AZ L Inhomogeneous :
OMYA-CALFG-4 AZ
B (1 Ij_m) | 11 Smooth/normal chocolate
OMYA-CAL FG-15 AZ - homogeneous
(opats) _ _ + -
[0043] Sample E was prepared by blending one part OMYA-CAL FG4 AZ calcium
p pIcp P

carbonate powder (4 pm median particle diameter) and 1.5 parts OMYA-CAL FG-15 AZ calcium

carbonate powder (15 um median particle diameter) with melted dark compound chocolate
(Peters, 33% cocoa butter and butter fat) at a weight ratio of 1:1.5:8.5 (OMYA-CAL FG-4
AZ/OMYA-CAL FG-15 AZ/chocolate compound coating). The total weight ratio of calcium
carbonate to chocolate compound coating was 1:3.4, as in Example 1. The mixture was conched
and allowed to solidify. After solidification, the mixture was remelted and combined with
Vitamin D; at a weight ratio of 1:12.75 (Vitamin Dj to chocolate compound coating/calcium
carbonate mixture). A sample of the mixture was molded to form a 7 gram chocolate bar that
nominally contamed about 0.6 grams of OMYA-CAL FG-4 AZ, about 0.9 grams of OMYA-
CAL FG-15 AZ, about 400 mg of Vitamin Ds, and about 5.1 grams of chocolate compound

coating.

{0044] As 1n Example 1, the outside surface and cross section of the resulting calcium-
fortified chocolate bar (Sample E) was visually inspected and the chocolate bar was tasted.

Surprisingly, unlike the case where the OMYA-CAL FG-4 AZ and OMYA-CAL FG-15 AZ
powders were added alone, the addition of both powders to the melted chocolate resulted in a
chocolate bar that had a homogeneous dispersion of calctum carbonate and a taste and texture

substantially identical to normal, unfortified chocolate compound coating. It will be observed
that the combination of one part OMYA-CAL FG-4 AZ calcium carbonate powder having a 4 pm

median particle diameter and. 1.5 parts OMYA-CAL FG-15 AZ calcium carbonate powder having a
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15 pm median particle diameter yields a powder having a median particle diameter of about 11
um. The results obtained with the 11 pum powder were substantially identical to the results
obtained with the 12 um powder (Sample C) of Example 1. It is believed that that the 4 pm and
15 um powder could, in the alternative, first be mixed together and subsequently added to the

chocolate compound coating with identical results.
Example 3

Chocolate Multivitamin

[0045] The multivitamin components listed in Table 4 were blended into melted dark
compound chocolate (Peters, 33% cocoa butter and butter fat), which was subsequently solidified

to form a chocolate bar weighing 7 grams. The quantity of each component shown in Table 4

were chosen to be the amounts found in a commercially available Centrum Silver ™

multivitamin., The calctum carbonate was OMYA-CAL FG-10 AZ having a median particle

diameter of 12 pm.
Table 4.
- CHOCOLf’E[‘E MULTIW;AW - B -
- A—c_tzve Agent Amount Source
Vitanun A 3500 IU Vitamin A acetate, Beta-carotene
Vitamin C 60 mg Sodium Ascorbate
Vitamin D 4001U Ergocalciferol
Vitamin E 45 TU D,L-alpha tocopheryl acetate
Vitamin K 10 mcg Phytonadione
Thiamin 1.5 mg Thiamin Mononitrate
Riboflavin 1.7 mg Riboflavin
Niacin 20 mg Niacinamide

Vitamin Bg 3mg Pyrodoxie Hydrochlonde
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Folic Acid 400 mcg Folic Acid
Vitamimn B, 25 mcg Cyanocobalamin
Biotin 30 mcg Biotin
Pantothenic Acid 10 mg Calcium Pantothenate
Calcium 200 mg Calcium Carbonate
Phosphorus 48 mg Calcium Phosphate Dibasic
Iodine 150 mcg Potassium Jodide
Magnesium 100 mg Magnesium oxide
Zing 15 mg Zinc oxide
Selenium 20 mcg Sodium selenate
Copper 2 mg Cupric oxide
Manganese 2 mg Maganese sulfate
Chromium 150 mcg Chromium chloride
Molybdenum 75 mcg Sodium molybdate
Chloride 72 mg Potassium chloride
Potassium 80 mg Potassium 1odide/Potassinm chloride
Boron 150 mceg Sodium borate
Nickel S mcg Nickel sulfate
Silicon 2 mg Silicon dioxide/silicon metasilicate
Vanadium 10 mcg Sodium metavanadate
Lutein 250 mcg Lutein
300 mcg lycopene

Lycopene

s, U VI CE— A -
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[0046] The outside surface and cross section of the chocolate bar was visually mspected

and the chocolate bar was tasted. Despite the presence of the different components in Table 4,
the resulting chocolate bar appeared homogeneous without localized concentrations of solid
components and had a taste and texture substantially identical to normal, unfortified chocolate
compound coating. The chocolate compound coating effectively masked the taste of the vitamin

and mineral components.

[0047] In some embodiments of the invention, a dietary supplement may comprise one or

more of the active agents listed in Table 4.
EXAMPLE 4

[0048] The effect of calcium carbonate particle size on the viscosity of melted semi-
sweet dark chocolate was investigated. For this Example, the samples were prepared by melting
330 g of chocolate at approximately 56°C using a water bath. 90 g of calcium carbonate powder
was stirred into the chocolate until uniform. The resulting samples contained about 21 % by

weilght calcium carbonate based on the total weight of the composition.

[0049] Sample 1 was prepared with calcium carbonate powder having and average
particle diameter of ébout 12 pm; Sample 2 was prepared with calcium carbonate powder having
and average particle diameter of about 0.8 um; and Sample 3 was prepared with calcium
carbonate powder having and average particle size of 0.07 um. Sample 3 was selected to be

representative of the composthions described 1 U.S. Patent No. 4,609,543,

[0050] The viscosity of the melted samples was measured on a Brookfield viscometer
model DV-11+ usmg the LV1 spindle (operating range of 15 to 6,000,000 cP) at temperatures
ranging from about 35 °C to about 54.5 °C.

[0051] The apparent viscosity measurements for Samples 1 and 2 are shown 1n Table 5.
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ey, "

Sample 1 | Sample 2
e — A_IF — —— S ——
20 RPM Spindle Rate 2 RPM Spumndle Rate

_fegp erahure Vichosity Temperature | Viscosity

°Cy | (P) |  (°C) (cP)
545 18,800 54.6 210,000
49.4 19,600 | 50.3 215,000
l 45.5 21,000 | 455 220,000
| 407 | 22,700 40.1 230,000 |
} 35.0 I 27,500 l 35.0 ! 245‘,@—[
[0052] Sample 1 was found to have an ideal viscosity for forming molding bars. Bars

formed from chocolate comprising 21 weight % of 12 pm calcium carbonate have a texture
substantially identical to chocolate prepared without calcium carbonate added. In conirast, the
viscosity of Sample 2 was too high to form molded bars. It should be noted that the viscosity
measurements for Sample 2 could not be determined at a spindle rate of 20 RPM and instead
were determined using a spindle rate of 2 RPM, due to the very high viscosity of the matenal.
Chocolate and chocolate compound coating are non-Newtonian fluids and therefore the apparent
viscosity increases with shear force. As will be evident to the skilled artisan, the apparent

viscosity of Sample 2 would be much higher at 20 RPM.

[0053] It was not possible to measure the viscosity of Samaple 3 because it was far above
the viscosity limits of the viscometer. Even at very low shear, 1.e., about 1 RPM, the apparent
viscosity was estimated to be above 6 million cP. Upon cooling, the compound coating did not
solidify into a form suitable for preparing molded bars but rather had the consistency of a sof,

sticky, semi-solid.

[0034] The Scope of the claims should not be limited by the preferred embodiments set

forth in the examples, but should be given the broadest interpretation consistent with the

description as a whole.
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CLAIMS:

1. A composition for oral consumption prepared from chocolate, said composition
comprising at least about 10 % by weight calcium carbonate powder having a median particle
size between about 10 um and about 13 um homogeneously dispersed throughout said chocolate,
said chocolate comprising a fat matrix composed of about 90% to about 100% by weight cocoa
butter, said cocoa butter being in the Form V crystalline polymorph and having a melting point
between about 32°C and about 38°C, such that said composition 1s solid at room temperature but
melts at a temperature below mouth temperature.

2. The composition of claim 1, wherein the composition comprises at least about 20 % by
weight of the calcium carbonate.

3. The composition of claim 1, wherein the composition comprises at least about 25 % by
weight of the calcium carbonate.

4. The composition of claim 1, wherein the composition comprises at least about 30 % by
weight of the calcium carbonate.

J. The composition of claim 1, wherein the chocolate has an apparent viscosity 1n the
molten state within about £50% of the apparent viscosity of the identical chocolate in the

absence of the calcium carbonate powder, as measured under conditions of i1dentical temperature
and shear.

6. The composition of claim 1 wherein the chocolate has an apparent viscosity 1n the molten
state within about +25% of the apparent viscosity of the 1dentical chocolate in the absence of the
calcium carbonate powder, as measured under conditions of 1dentical temperature and shear.

7. The composition of claim 1, wherein the chocolate has an apparent viscosity in the
molten state within about +10% of the apparent viscosity of the identical chocolate 1n the
absence of the calcium carbonate powder, as measured under conditions of identical temperature
and shear.

8. The composition of claim 1, wherein the chocolate has an apparent viscosity in the
molten state within about + 5% of the apparent viscosity of the identical chocolate 1n the absence
of the calcium carbonate powder, as measured under conditions of identical temperature and

shear.

9. The composition of claim 1 further comprising Vitamin D.

10.  The composition according to claim 9 wherein said Vitamin D is ergocalciterol.
11.  The composition according to claim 9 wherein said Vitamin D 1s Vitamin Ds.
12.  The composition of claim 9 further comprising Vitamin K.

13.  The composition of claim 1, wherein said chocolate comprises milk fat.
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14. The composition of claim 1, wherein the chocolate is sweet chocolate.
15. The composition of claim 1, wherein the chocolate is semi-sweet chocolate.
16.  'The composition of claim 1, wherein the chocolate is dark chocolate.
17.  The composition of claim 1, wherein the chocolate is milk chocolate.
18.  The composition of claim 1, wherein the chocolate is white chocolate.
19.  The composition of claim 1, wherein the chocolate is couverture chocolate.
20.  The composition of claim 1, wherein the chocolate is baking chocolate.
21.  The composition ot claim 1, wherein said composition 1s in the form of a molded

chocolate bar, which comprises about 1.5g of calcium carbonate powder per 7g of said
composition.
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