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@ Abrégé :

. A process for preparation of chocolate base compositibris and n,, Chotomte '
chocolates made with them, i . o . ingredionts (! Gacoa Materis Compresed Goe
m, including grin-ing cocoa nibs arid at least one other optonsl)

different dry particulate chocolate ingredient in a single unit operation in a short-
duration manner. Chocolate base preparation includas a grinding operation effected
without the need for moving mechanical parts and without the presence of chocolate
liquor. The chocolate base obtained from the grinding treatment is shelf-stable and
suitable for use in chocolate production from functional and sensory standpoints.
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Kraft Foods R & D, Ince.

PROCESS FOR PRODUCING GRANULAR CHOCOLATE BASE MATERIALS
FOR CHOCOLATE PRODUCTION AND PRODUCTS THEREOF

FIELD OF THE INVENTION
[0001] The invention.generally relates 10 processes for preparing
granular/powdered chocolate base materials, and particularly chocolate base
materials prepared with dry fliowable chocolate ingredients, without forming or using
cocoa liquor. The chocolate base materials can be used for preparing chocolate

products.

BACKGROUND OF THE INVENTION

[0002] Conventional chocolate manufacturihg processes generally include

blending of liquid ingredients, mainly cocoa liquor, cocod butter, and optionally
anhydrous milk fat, with dry ingredients, mainly sugar and milk powders; refining the
rgsulting mass with one or more confectionery refiners to produce a smooth gritiess
texture; a conching process, which is an'extended duration batch process of intense
mixing, agitgting and aerating at a spacific temperature/time profile, and where other
ingredients (e.g., cocoa butter, lecithin, and flavors) are typically added to create the
chocolate mass; and then tempering, forming, and cooling the chocolate mass.
[0003] Cocoa liquor is a critical ingredient in the conventional preparation of
chocolate products. The production of cocoa liquor is complex and generally
involves cocoa bean cleaning, bean breaking, and winnowing to remove the outer
hull or husk of the cocoa bean and to obtain the cocoa nibs. A roasting process and
microbiological control process can be applied on the whole bean, the cocoa nib, or
fhe final cocoa liquor. After roasting the beans and removing the husk or shell, the
broken piecés of the beans, commonly referred to as the nibs, are crushed or ground
to break the cells and form a smooth, creamy paste, known as chocolate liquor. The
grinding process typically is @ mechanical milling operation performed in various
sequential milling steps from coarse grinding (e.g-, pin. mills, beater blade mills, disc
mills) to fine grinding (e.g., disc mills and ball milils). Cocoa nibs have a typical
cocoa butter content of about 50 to about 55 percent, which melts at approximately
30°C. Traditional milling of cocoa nibs results in @ fiquid (i.e., cocoa liquor) due to
the liquefaction and release of cocoa butter during the heat generating milling
process. The different mills are set-up in a sequence of at least one coarse milling
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and typically two fine milling steps to achieve the required particle size (generally
about 20 to about-35 microns). Maintenance costs are relatively high as cocoa liquor
is very abraslve. For example, iron milling balls and pins have to be continuously
renewed in the most commonly used ball mills and pin mills, respsctively. The cocoa
liquor product typically is shipped and stored in heated vessels to maintain it above
its melting temperature of approximately 30°C, which also adds to cost. Some or all
of the liguor can be kept and used as is, or portions thereof can be fed into presses
in which cocoa butter is squeezed out to leave a press cake or cécoa cake that is
ground into cocoa powder. These various steps result in conventional basic
ingredients for chocolate and chocolate fiavoring: chocolate liquor, cocoa butter, and
cocoa powder.
[0004] It would be highly desirable to prepare shelf-stable, food grade, and
functional chocolate ingredients suitable for the manufacture of chocolate products
without requiring the use of, or intermediate production of, cocoa liquor. The

, inventidn addresses this and othér needs in an efficient and economically feasible

manner.

SUMMARY OF THE INVENTION
[0005] This invention provides a process for preparing chocolate base
compositions suitable for chocolate production without the formation, or the need to
use, cocoa liguor, and the products of such processes. The chocolate base may
also be used in other food applications if desired.
[0006] In one embodiment, the invention relates to a process for preparing
chocolate base compositions prepared with dry, freely-flowable, particulate
ingredients including whole cocoa beans and/or cocoa nibs and optionally at least
one different edible ingredient in a vortex or cyclonic mixing or grinding apparatus to
form a dry, freely-flowable, particulate chocolate base composition without forming or
generating cocoa liquor. Preferably, such at least one different edible ingredient is
included with the-whole cocoa beans and/or cocoa nibs. For purposes of this
invention, a vortex or cyclonic grinding apparatus is an apparatus for grinding solids
to smaller particie sizes without using moving mechanical parts in the actual grinding
process and wherein a vortex or cyclonic stream of gas is used to effect the actual
grinding process. Important faatures of the present invention are that (1) the
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resulting chocolate base composition have reduced particle size (generally less than
about 300 microns, preferably less than 100 microns, and more preferably less than
about 50 microns) and is a dry, freely-flowable, particulate composition and (2)
essentially no cocoa liquor is formed or generatéd in the grinding process. For
purposes of this invention, particle sizes are reported as D90 values (i.e., 90 percent
of the partlcles are less than the specified particle size). Indeed, if s&gmf icant
amounts of cocoa Ilquor or other liquid forms are generated during the gnndmg
process, such liquids will “gum up” the process and generally form unusable
compositions (at least unusable for making chocolate products).

For purpose of this inventioﬁ, “essentially no cocoa liquor” is less than an
amount which would cause problems (l.e., “gum up” the vortex grinding process).
For purposes of this invention, “gumming up” the vortex grinding process would
effectively destroy the dry, flowable nature of the chocolate base material or
composition resulting from the vortex grinding process (e.g., particles would clump
together, adhere fo the internal surfaces of the grinder, or the like). Thus, conditions .
within the vortex grinding system are to be controlied such that such liquids are not
formed in amounts sufficient to adversely effect the vortex grinding system;
maintaining such non-liquid forming conditions are within the skill of the art in light of
the guidance provided herein. Although not wishing to be limited by theory, itis
believed that if any liquids, including cocoa liquor, are formed during vortex grinding,

. the amounts and rate of ‘production are small enough that the liquids are absorbed

by the non-cocoa nib ingredients (if present), especially the sweetener, so that the
particles effectively remain dry and free flowing; grinding cocoa nibs alone, however,
does not appear to form sufficient liquids to adversely effect the grinding process or
ground product. Throughout tis specification the terms “vortex mixing,” “vortex
grinding,” “cyclonic mixing,” and “cyclonic grinding" are used mterchangeably

[0007] In such a vortex mixing or grinding system, compressed gas
(preferably air) is introduced into an enclosure that includes a truncated conical
shaped section inwhich it travels along a downward path throughthe enclosure
including the conical section to a lower end thereof. The gas reaching the lower end
flows back up and exits the enclosure via an exhaust outlet, thereby generating a
vortex within the enclosure. A mixture comprising whole cocoa beans and/or cocoa
nibs and optionally different edible ingredient, as flowable dry ingredients, is

§
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. introduced the enclosure and is entrained in the introduced gas traveling downward

through the enclosure, wherein at least a portion of the mixture is ground before
reaching the lower end of the enclosure providing :a granular chocolate base product
that can be discharged from the lower end of the enclosure. The additional dry
granular ingredi'ent(s) which is (are) optionally co-processed with the whole cocoa
beans and/or cocoa nibs in the process unit in this manner are not particulérly
limited, and may include one or more of dairy solids, sweeteners, cocoa powders,
flavorings, emulsifiers, and so forth. Preferably at least one optional dry granular
ingredient Is included with the whole cocoa beans and/or cocoa nibs. Generally,
sweeteners (e.g., sucrose) are included with the whole cocoa beans and/of cocoa
nibs. If milk chocolate is desired, dairy solids (e.g., milk powder, whey powder, aﬁd
the like) are included with the cocoa nibs and swesteners. It is generally preferred
that these dry ingredients are combined with the whole cocoa beans and/or cocoa
nibs prior to the vortex grinding system. If care is taken to insure rapid and effective
mixing, the dry ingredients can be combined within the vortex grinding syster; -
mixing should be sufficient to insure that cocoa liquor or other liquids are not formed
locally within the vortex grinding system In sufficient amounts to “gum up” the
process.

[0008] The resuiting chocolate base product is a shelf-stable edible product,
which can be used as intermediary preblended Ingredient suitable for preparing
chocolate or other food products. The chocolate base product has sensory and
functional attributes suitable for production of high quality chocolate products, and in
particular, for production of high quality chocolate products without use of cocoa
liquor In the production process. '

[0009] In another embodiment, a process is provided for manufacturing
chocolate with the chocolate base as an intermediate preblended ingredient. Such a

method involves conching a composition comprising the chocolate base product and

cocoa butter to provide a chocolate material, and tempering, forming and cooling the
chocolate material to form a chocolate product. No cocoa liquor is required or
needed as an ingredient, or is produced in situ, during the chocolate base or final
chocolate product preparations. As noted above, “production” of cocoa liquor or “no
cocoa liquor” is intended to mean amounts of cocoa liquor which would “gum up” the

vortex grinding system.
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[0010] . Forming the chocolate base compositions or preblends in accordance
with embodiments of this invention offers numerous advantages and improvements
over conventional processes for preparing chocolate. Processes in accordance with
embodiments of this invention make it possible to reduce and even completely
eliminate. cocoa liquor processing from chocolate manufacturing. This eliminates the
need for costly milling and handling of cocoa liquor (e.g., shipping and storing In
heated vesssls). Also, the increased maintenance costs associated with use of
cocoa liquor, largely due its abrasive effects on mechanical milling equipment‘
associated with the production of the cocoa liquor, are avolded. Indeed, the present
vortex grinding system allows the use of whole cocoa beans in preparing the
chocolate base composition. Whole cocoa beans cannot normally be used in the
production of cocoa liquor largely due to the abrasive effects of the hulls on
conventional mechanical grinding equipment. Generally, cocoa nibs include up fo
about 2 percent hulls; even this low level of hull causes significant aprasive effects

" when such nibs are ground using conventional grinding equipmen't.

During chacolate base production in accordance with embodiments herein,
the interaction of the dry ingredients and the vortex gas- or air-flow generated in the
enclosure effectively grinds.t.he whole cocoa beans and/or cocoa nibs and dry
ingredients that may be included at a controlled temperature to avoid releasing
cocoa butter or other liquids from the beans and/or nibs, The resulting flowable
powder product is stable and can be conveniently transported at ambient conditions.
Significant particle size reduction of the cocoa and dry ingredients may be achieved
in the vortex-generating apparatus sufficient to reduce or even eliminate the need for
confectionery refining steps, thereby reducing or efiminating the significant costs
otherwise associated with the maintenance and repair of confectionery refiners. In
addition, meaningful and significant particle size reduction is effected upon the dry
mix comprising cocoa nibs and other particulate chocolate ingredients in forming the
chocolate base in the cyclonic system without the need to contact the cocoa
materials (i.e, cocoa beans, cocoa nibs, and the like) or other dry chocolate
ingredients with any moving mechanical parts, reducing equipment maintenance and
cleaning requirements. '
[0011] The vortex grinding treatment also makes it possible to produce a dry,
flowable, granular chocolate base in a relatively low-temperature, short-duration
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procedure in which the chocolate base is prepared ina single-stage operatlon

* without impairing the desirable functional and sensory attributes of the chocolate
~base product. This process executes the treatment in a manner that substantially

preserves desirable functional and sensory aspects of dry chocolate Ingredients in
the chocolate base compositions, which are useful for chocolate or other food

rmanufacture.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Other features and advantages of the invention will become apparent
from the following detailed description of preferred embodiments of the invention with
reference to the drawings, in which: |
[001 3] Figure 1 is a flow chart of a general method for chocolate production
includlng the preparatlon ofa chocolate base intermediate product according to an
embodiment of this invention;
[0014]  Figure 2 is a flow chart of a preferred method for chocolate production
including the preparation of a chocolate base intermediate product according to an
embodiment of this invention ’
[0015] 'Figure 3 is a schematic view of a vortex or cyclone grinding system
useful for prodocing chocolate base intermediate product according to an
embodiment of this invention;
[0016] Figure 4 is a cross sectional view of the cyclone unit used in the
processing system illustrated in Figure 3; and
[0017] Figure 5 is a schematic view of a system useful for producing chocolate
base intermediate product according to another embodiment of this invention.
[0018] The features depicted in the figures are not necessarily drawn to scale.
Similarly numbered elements in different figures represent similar components

unless indicated otherwuse

'DETAILED DESCRIPTION
[0019] Preferred embodiments of the invention will be described below with
specific reference to chocolate manufacture incorporating a unique process for
preparing a granular chocolate base suitable for the manufacture of savory chocolate
products without using, needing, or forming a cocoa liquor ingredient.
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[0020] For purposes herein, the term “cocoa material” refers to materials
derived from cocoa beans used in the manufacture of chocolate; generally such
cocoa materials include whole cocoa beans, cocoa nibs, and/or mixtures thereof.
For purposes herein, the term wwvhole cocoa bean” refers to roasted and/or
unroasted; fermented and/or unfermented, whole and/or broken pieces of cocoa
beans (includihg the cocoa nibs and hulls); the term “cocoa nibs” génerally'refers to
roasted and/or unroasted, fermented and/or unfermented, whole and/or broken
pleces of dehulled cocoa beans; as noted earlier, cocoa nibs may contain small
amounts {generally less than about 2 percent) of hulls. “Cocoa liquor” or “chocolate
liquor” generally refers to product obtained from crushing or'; grinding cocoa nibs into
a smooth, creamy paste-like liquid substance; the liquor optionally may be prepared
in the presence of other chocolate ingredients. “Cocoa butter” genérally refers to a
lipid i:omponent isolated from cocoa liquor, typically by pressure application, leaving
“press cake" or “cocoa cake” which can be ground and sifteq to provide “cocoa

.powder.” The term "chocolate base" generally refers to any lesser included

~ comblnation of ingredients of a full chocolate formulation. “Granular”.or “particulate”

refer to a free-flowing mass of small discrete solid particles (generally less than
about 300 microns). “Dry” or “low-molsture”, as used interchangeably herein in the -
contéxt of granular or particulate materials, means the material contains less than
about 14 percent total moisture. For purposes herein, "grinding” a particle means
crushing, pulverizing, abrading, wearing, or rubbing the particle to break it down into
smaller pariicles and/or liberate smaller partii:les, and indudes mechanisms involving
contact between moving particles, and/or between a moving particle and a static
surface; and "drying" means dehydrating (i.e., reducing moisture content).

[0021] In the present invention, a new chocolate manufacturing process is
described using cocoa materials such as cocoa beans and/or cocoa nibs {preferably
cocoa nibs and more preferably, roasted cocoa nibs) as a direct raw material without
‘mechanical milling or otherwise treating the cocoa nibs to form cocoa liguor. Inan
incipient process step, cocoa nibs are ground together with optional dfy freely-
flowable particulate ingredients, such as dairy solids, sweeteners, and the like, ina
gas vortex grinding system which grinds and mixes them without relying on moving
mechanical parts to effect grinding, resulting in a.flowable powder product useful as

a chocolate base, without the formation of cocoa liquor.
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[0022] Figure 1 generally illustrates the general process of the present
invention. Cocoa materials, with or without one or more optional dry, freely-flowable

particulate chocolate ingredient, are used to form a “dry mix" which is then subjected

to a vortex grinding treatment using compressed gas (preferably compressed air) in

a vortex grinding unit at a temperature below about 30°C to provide a granular

chocolate bass without intermediately or otherwise forming cocoa liquor. If needed
or desired, the compressed air may be chilled using a conventional chilling unit. The
chocolate base is then conched with additional choeolate ingredients. Generally,
such additional ingredients include sweseteners, milk powders, cocoa butter, cocoa
powder, emulsifiers, flavors, and the like; some of these additional ingredients (e.g.,
swaeteners and milk powders) may have been included in the dry mix and would
not, therefore, need to be added during ooﬁching. If desired, cocoa liquor could also
be a&ded during conching; of course, such cocoa liquor Is not required. Such
ingredients are. normally added during conching in the conventional chocolaie
manufacturing procéss; the methods of adding such ingred_ients and the amounts of
such ingredients in the present invention are essentially the same as in the
conventional chocolate manufacturing process. Likewise, the methods used for
tempering, forming, and cooling the final chocolate producis in the present invention
are essentially similar and/or the same as the tempering, forming, and cooling steps
in conventional chocolate manufacturing.

[0023] Figure 2 illustrates a preferred embodiment, wherein cocoa materials
(generally whole cacoa beans or cocoa nibs,-and preferably cocoa nibs) and
optionally one or more dry, freely-flowable particulate chocolate ingredient (generally
a sweetener) are thoroughly mixed or otherwise combined to provide a “dry mix." If
a dark chocolate is desired, the cocoa material is ground with dry, freely-flowable
partigulate chacolate ingredient comprising a sweetener (generally sucrose), cocoa
powder, or mixtures thereof; if 2 milk chocolate is desired, dairy solids may be
included. Generally, cocoa nibs have a fat contént of about 50 to about 55 percent.
For making dark or milk chocolate, the total amount of the other chocolate
ingredients (if used) to be mixed with the cocoa nibs preferably should be sufficient
to reduce the fat content to less than about 35 percent and more preferably to about
10 to 25 percent; higher or lower fat contents can pe used if desired. Generally for
dark chocolate, this dry mix centains about 15 to about 85 percent cocoa nibs and
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about 15 to about 85 percent sucrose and preferably about 35 to about 70 percent
" cocoa nibs and about 30 to ahout 65 percent sucrose. Generally for milk chocalate,

this dry mix contains about 5 to about 30 percent cocoa nibé, about 30 to about 75
percent sucrose, and about 10 to about 40 percent dairy solids and preferably about
15 to about 25 percent cocoa nibs, about 50 to about 70 percent sucrose, and about |
15 to about 30 percent dairy solids. Generally, the cocoa beans or cocoa nibs in the
dry mix are generally less than about 30,000 microns in their longest dimension (i.e.,
whole or broken beans or nibs); the sweetaner generally has @ paffiéle size of less
than about 2500 microns; and the dairy solids (if used) generaiiy have a particle size
of less than about 800 microns. However, smaller or larger particle sizes for these
ingredients can be used If desired 50 long as the desired particle' size reduction can
be obtained. '

[0024] The dry mix Is subjected to a vortex grinding treatment using
compressed gas {preferably compressed air)ina vortex grinding unit to provide a
granular chocolate base without intermediately or otherwise forming cocoa liquor.

As noted above, the lipids in cocoa nibs generally melt at about 30°C (86°F); to avoid
melting during the vortex grinding procedure, the interior of the vortex grinding
system is generally kept below this temperature, preferably below about 25°C, and
more preferably below about 20°C. Passing the compressed gas through a chiller or
other refrigeration means, as shown in Figures 3 and 5, can be used to control the
interior tempera'ture to the desired level, Additionally, the temperature of the cocoa
nibs and other chocolate ingredients may, if desired, be controlled (not shown in
Figures 1 and 2) to keep the temiperature within the desired range within the vortex
grinding system. Generally, however, control of the compressed gas temperature
should be sufficient to keep the temperature in the desired range. e
[0025] The resultiﬁg granular chocolate base product desirably has a particle
size of about 10 to about 300 microns, preferably about 20 to about 200 microns,
and more preferably about 20 to 35 microns and is a dry, freely-flowable, particulate
chocolate composition prepared without forming or generating cocoa liquor. The
granular chocolate base product (or a portion thereof) may, if desired, be returned to
the vortex grinding system, as shown in Figure 2, for one or more additional passes
through the vortex grinder to further reduce the particle size. A size separation
system, as further described below, can be used to pass particles of the desired

{
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range to the remainder of the process shown in Figures 1 and 2 and to pass particles
above the desired range (e.g., above about 300 microns) to an additional pass
through the vortex grinder to further reduce their particle size. The chocolate base
composition is then made available for optional refining, conching, optional milling,
and ultimately tempering, forming, and cooling to form the desired chocolate product.
The optional refining and optional milling processes, which are shown in Figure 2,
can be used to fine tune or adjust the particie size of the chocolate particles, if
needed such optional steps would use conventional refining (i e., 2- or 5-roll
refiners) and milling equipment. Indeed, if necessary or desirable, the product from .
the optional milling step can be recirculated back to the conching step (shown in
Figure 2) to provide a final adjustment of the particle size. Generally, the desired
particle size of the chocolate composatnon prior to the tempering, forming, and cooling
steps is about 20 to about 50 microns, and preferably about 20 to 35 microns.

Various combinations of vortex grinding, optional refining, and optional milling can be

used to achieve these desired particie sizes.
[0026] Durmg conching, additional chocolate mgredaents are added.
Generally, such additional ingredients include cocoa butter, anhydrous milk fat,
cocoa powder, emulsifiers, flavors, and the like. If desired, cocoa liquor could also
be added during conching; of course, such cocoa liquor Is not required. Such
mgredlents are normally added during conching in the conventional chocolate
manufacturing process; the methods of adding such ingredients and the amounts of
such ingredients in the present invention are essentially the same as in the
conventional chocolate manufacturing process. Likewise, the methods used for
tempering, forming, and cooling the final chocolate products in the present invention
are essentially similar and/or the same as the tempering, forming, ahd cooling steps
in conventional chocolate manufacturing.
[0027] if desired, white chocolate, which is generally made without using
cocoa nibs or cocoa liquor, can be prepared using the techniques of this invention.
in such a case, the chocolate base composition can be prepared by grinding a
mixture of a sweetener and dairy solids using the vortex grinding system. The
resulting white chocolate base material can then be used to prepare a white |
chocolate using conventional methods. Preparing white chocolate base material in
the vortex grinding system would allow essentially all types of chocolate products to
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be prepared using similar equipment and would, therefore, avoid costly and separate
productions lines for different chocolate products.

[0028] Referring now to Figures 3-5, details of an exemplary.equipment
arrangement and process of operating it for conducting the grinding of the mixture of
cocoa nibs and other dry chocolate ingredients, as indicated in Figure 1, is discussed
her_einafter.

[0029] Referring to Figure 3, an exemplary system 100 for performing grinding
of dry mix or feed mixture 102 comprising cocoa nibs and other dry, freely-ﬂowéble
particulate chocolate ingredients according to a process embodiment of this
invention is shown. Cyclone 101 is a structural enclosure comprised of two fluidly
communicating sections: an upper cylindrical enclosure 103 defining a chamber 104
and a lower truncated conical shaped enclosure 105 that defines a cavity 106. Both
the upper and lower enclosures are annular structures in which a solid wall or shell
encloses an interior space. In this mustratnon the upper enclosure 103 has a
generally uniform cross-sectional diameter, whlle the Iower enclosure 105 tapers
inward towards Its lower end 112. In a non-limiting embod:ment the taper angle a of
lower enclosure 105 may range from about 86 to about 70 degrees. For purposes
herein, the terminology "enclosure” means a structure that encloses a chamber,
cavity, or space from more than one side. |

[0030] Compressed air 116 and dry mix 102 are separately introduced into the
cycione 101 at the upper enclosure 103. The processed mixture is discharged as a
solid particulate 113 from the lower end 112 of the cycione 101 having a reduced
particle size as compared to the dry mix fed into the processing unit. The solid
particulate 113 is a chocolate base in this illustration. An optional valve mechanism
111, such as a rotary valve or rotary air-lock, is shown that permits extraction of
dried, ground material from the cyclone without interrupting continuous operation of
the system and which minimizes leakage of the Introduced air from the cyclione 101.
Alternatively, a hollow cylindrical extension shaft (not shown), may be instalied on
the lower end 112 of the cyclone 101 to help direct granulated product into a
receptacle or the like situated below the cyclone. In the absence of a valve .
mechanism at the lower end 112 of the cyclone 101, thie pressurized air introduced
into the cyclone may escape from the cyclone 101 via opening 111 at the cyclone's
lower end 112. If desired, this additional air loss can be compensated for in the inlet

-11 -
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air feed rate to sustain a desired air pressure condition inside the cyclone, such as
by increasing It sufficiently to offset air loss occurring from both the bottom of the

- cyclone as well as the exhaust gas stream 114.

[0031] Air, and possibly some small amount of moisture vapor released from
the feed mixture during treatment within the cyclone 101, is exhausted as exhaust
gases 114 from the cyclone via sleeve 107 and exhaust duct 109. Some nominal
amount of light debris may be liberated from the feed during processing in the
cyclone, and may be eliminated with the exhaust gas stream 114. The exhaust gas
stream 114 optionally may be particle filtered, and/or scrubbed to strip out volatile
compounds or other compounds, such as using a separate scrubber module {(e.g.,
packed bed type scrubber) before it is vented to the atmosphere (e.g., see Figure 5,
feature 1141). Sieving device 115 is described in more detall later herein.

[0032] To introduce the compressed air 118 into cyclone 101, an air
pressurizing mechanism 121, such as a blower or air compressor, generates a high
volume, high veloclty compressed air stream that is conducted via air ducting 125
through a cooling unit 123,.and from there is Introduced into upper enclosure 103 of
cyclone 101. The terms “compressed gas” or "compressed air" refer to Qas or air
compressed to a pressure above atmospheric pressure (e.g., above 760 mm Hg
absolute (14.7 Ib.finch? absolute)). Héatlng the compressed air before its
introduction into the cyclone 101 ordinarily is not desirable or necassary for
embodiments herein, although In certain situations, such as described hereinafter, it
may be useful. Heating the compressed air generally is undesired_ as it may induce
melting of any heat-sensitive portion of the cocoa nibs or other chocolate ingredient
being processed in the cyclone. Inone embodiment, where ambient air temperature -
is about 30°C (86°F) or higher, the compressed air is cooled to a temperature below
the glass-trans:t:on temperature of the cocoa butter portion of the cocoa nibs before
the air is introduced into cyclone 101. In one particular embodiment, the air is cooled
to a temperature of about 2 to about 25°C (about 35 to about 75°F), particularly
about 4 to about 20°C (about 40 to about 70°F), and more particularly about 16 to
about 20°C (about 60 to about 70°F).

[0033] In another embodiment, air may be introduced into the cyclone at
ambient temperatures without being heated to the extent the air temperature Is.
below the melting temperature of the lipid portion of the cocoa nibs or other
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chocolate ingredients to be processed in cyclone 101. That is, if the air temperature
of the air as discharged from the compressor 121 is below thé melting temperature
of the lipid components of the cocoa nibs, and so forth, being processed, it generally
is not necessary, although not excluded either, to conduct the air through air cooler
123 in an operating mode before the air is fed into the cyclone 101. The ambient alr
temperature and any air temperature changes associated with compression
preferably is monitored before running air without use of the air caoler. The air
cooler 123 may be a heat exchanger device. The air cooler 123 may be a
commercial or industrial heat exchanger unit, or a refrigeration unit or other suitable
cooling device capable of reducing the temperature of continuous flow process air to
within about 10°F {about 6°C) of the coolant temperature.

[0034] The compressad air 116 Is introduced into chamber 104 of cyclone 101
substantially tangentially to an inner wall 108 of the upper enclosure 103. This can
be done, for example, by directing the air stream 116 to a plurality of holes 120

(e.g., 2 to 8 holes) circufnferentia!ly. spaced around and provided. through the wall

108 of the upper enclosure 103 through which the air stream is introduced.
Deflection plates 122 can be mounted on inner wall 108 of upper enclosure 103 for
deflecting the incoming stream of airinto a direction substantially tangential to the
inner wall 108 according to an arrangement that has been described, for example, in
U.S. Patent Application Publication 2002/0027173, which descriptions are -
incorporated herein by reference. The compressed air may be introduced into the
upper enclosure 103 of cyclone 101 in a counter-clockwise or a clockwise direction.
[0035] The introduced air 10 generally may be further pressurized cyclonically
in the chamber 104 and cavity 106. Due to the centrifugal forces present in the
cyclonic environment, it is thought that the pressure nearer the outér extremities of
the cavity 106 is substantially greater than atmospheric préssure, while the pressure
nearer the central axis of the cavity 106 is less than atmbspheric pressuré. As
shown in Figure 4, as a non-imiting illustration, after being introduced into upper
enclosure 103, the compressed air 116 spirals or otherwise travels generally along a
large downward path as a vortex 13 through the upper enclosure 103 and the lower
conical shaped enclosure 105 until it reaches a lower end 112 thereof. In this
Ilustration, near the lower end 112 of the cavity 106 defined by the inner walls 123 of
lower enclosure 105, the downward direction of the air movement is reversed, and

it
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the air (and any moisture vapor rele‘aséd from the dry mix during treatment within the
cyclone 101) whirls back upwardly as a smaller vortex 15 generally inside the larger
vortex 13. The smaller vortex 15 flows back up from the lower end 112 of the lower
enclosure 105 in a central region 128 located proximately near the central axis 128
of the cyclone 101 and generally inside the larger vortex 13. The smaller vortex 15

" flows upward until exiting the enclosure via sleeve 107 and then exhaust duct 108.

[0036] A vortex breaking means (not shown) optionally can be interposed
below or inside the lower end 112 to encou:age'the transitioh of the larger vortex 13
to the smaller vortex 15. Various vortex breaking arrangements for cyclones are
known, such as the introduction of & box-shaped enclosure at the bottom of the
conical enclosure.

[0037] The dry mix 102 is separately introduced into upper enclosure 103.
The introduced dry mix 102 drops gravitationally downward into chamber 104 until
they become entrained In the air vortex 13 within cyclone 101. Preferably, the dry

" mix 102 is introduced into upper enclosure 103 in an orientation such that they will

fall into the cyclonic vortex 13 generated within cyclone 101, where located in the
space between the sleeve 107, and Inner wall 108 of the upper enclosure 103. This
feed technique serves to minimize the amount of dry mix 102 that may initially fall
into extreme inner or outer radial portions of the vortex where the cyclonic forces that
the dry mix experiences may be lower. As indlcated, the dry mix material 102 may
be prechilled before it is introduced into the cyclone 101 by pre-storing or conveying
the dry mix in or through any suitable chilling device 1020 suitable for that purposse
(e.g., commercial or industrial heat exchanger or refrigeration unit). The entrained
dry mix travels in the vortex 13 of air spiraling or otherwise traveling downward
through the fower enclosure 105 until reaching the lower end 112 of the lower
enclosure 105. During this downward flow path, the grinding effects on the dry mix
material may occur at different times and at different places during the downward
flow path of the dry mix material through the cyclone. '

[0038] While not desiring to be bound to any theory, it is thought that
pressure-gradient and coriolis forces, cavitation explosions, and the coliision
interaction between the dry mix pérticles entrained in the high-velocity cyclonically
pressurized air may be violently disruptive to the physical structure of that dry mix
material. Alternatively, or in addition thereto, the centrifugal force of the vortex may
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move the dry mix material forcefully against inner walls 108 and 123 of the
enclosure. These modes of attrition, individually or in combination, or other modes
of atirition that may occur within the cyclone (which may not be fully understood)
bring abaut comminuting (grinding) of the dry mix concurrent with drying. As &
result, during this movement of the dry mix material from the upper enclosure 103
down to the lower end 142 of the lower enclosure 105, the dry mix material is
physically processed in beneficial ways. The unit 101 requires no mechanical
moving parts for effecting grinding of the dry mix components.

[0039] In a further embodiment of the invention, the discharged solid
particulate product 113 can be screened, such as using a sieve, such as a screen
sieve or other suitable parficulate separation/classifying mechanism 115, to sort and
separate the finer fraction of ground dry mix 1430 in the solid part!culate product 113
that have particle sizes meeting a size criterion, such as being less than a
predetermined size, which are suitable for post-grinding processing, from the coarser
product fraction 1131. The coarser (oversize) produét fraction 1131 optionally can
be redirected into the upper enclosure of the cyclone for additional processing
therein. A conveyor (not shown) could be used to mechanically transport the
redirected coarser material back to feed introducing means 127 or other introduction
means in upper enclosure 103 of cyclone 101. Also, feed introducing means 127
may be an inclined conveyor, screw feeder, and the like (e.g., see Figure 5, feature
1270), which transports dry. mix feed material 102 into chamber 104 of the cyclone
101 at the upper enclosure 103.

[0040] It will be appreciated that sleeve 107 can be controliably moved up and
down to different vertical positions within cyclone 101. In general, the lower sleeve
107 Is spaced relative to the cavity 106, the smaller the combined total volume of the
- cyclone 101 which Is available for air circulation. Since the volume of air being
introduced remains constant, this reduction in volume causes a faster flow of air,
causing greater cyclonic effect throughout cavity 108 and consequently causing the
dry m:x to be ground to circulate longer in the chamber 104 and the cavity 106.
Raising the sleeve 107 generally has the opposite effect. For a given feed and
operating conditions, the vertical position of sleeve 107 can be adjusted to improve

process efficiency and yield.
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[0041] Also, a damper 126 can be provided on exhaust duct 109 to control the
volume of air permitted to escape from the central, low-pressure region of cavity 106
into the ambient atmosphere, which can affect the cyclonic velocities and force
gradients within cyclone 101. Other than the optional damper, the unit 101 generally
requires no moving parts for operation, and particularly with respect to effecting the

. grinding action which occurs within the unit. . '

[o042] By continually feeding a dry mixture 102 of cocoa nibs and other
chocolate ingredients into cyclone 101, a continuous throughput of ground chocolate
base product material 113 s obtained. A non-limiting example of a commercial
apparatus that can be operated in a continuous manner according to processes of
this invention is a WINDHEXE apparatus, manufactured by Vortex Dehydration
Systems, LLC, Hanover Maryland. Descriptions of that type of apparatus are set
forth in U.S. Patent Appllcatior; Publication 2002/0027173, which descriptions are
incorporated in their entirety herein by reference. '

[0043] The cyclonic system 100 provides mechanical energy, without mo\)ing
mechanical parts, to further disintegrate and granulate the introduced mixture of
cocoa nibs and other chocolate Ingredients. The chocolate base material 113 (1130)
exiting the cyclone 101 exhibits a flowable solid particulate type form, which may be
a powdery material. In addition, meaningful and significant particle size reductionis
effected upon the dry mix 102 in forming the chocolate base in cyclone 101 of
system 100 without the need to contact cocoa nibs and other dry chocolate
ingredients with any moving mechanical parts for that purpose, which reduces
equipment needs, maintenance and cleaning requirerhents.

[0044] The processing unit 101 may be left relatively clean and tidy, as the dry
mix materials do not tend to cling as residue to the interior walls of the process unit
used to grind the dry mix material into granular form. This can facilitate any desired
change-over for processing a different type of feed material within the same unit. in
one process scheme for processing mixtures of cocoa nibs and other chocolate
ingredients, the introduction of the compressed air into the cyclone 101 comprises
supplying compressed air at a pressure within the range of from about 10 to about
100 psig, particularly from about 40 to about 60 psig, and more particularly from
about 45 to about 55 psig. |



Lot

5

Ll

013343

[0045] The volumetric introduction rate of the compressed air intoA the cyclone
is within the range of from about 500 to about 10,000 cubic feet per minute (CFM),
particularly from about 750 to about 2,000 CFM, and more particularly from about
800 to about 1,200 CFM.

{0046} The feed rate of the low-moisture, mixture of cocoa nibs and other
chocolate ingredients can vary, but generally may be in the range of about 1 to about
300 pounds per minute, particulary about 50 to about 150 Ibs./min, for abouta 1 to
about 10 foot diameter (maximum) cyclone. The cyclone diameter may be, for
example, from about 1 to about 10 feet in diameter, particularly about 1 to about 6
feet in diameter.

[0047]  The chocolate mix ingredients may be processed within the above-
noted cyclone arangement within a very short period of time. In one embodiment,
upon introducing the ingredients into the cyclone, a granulated product thereof is
discharged from the processing unit wnthin about 15 seconds, and particularly within
about 1 to about 5 seoonds Temperatures within the cyclonic grinder should be

below about 30°C and preferable below about 20°C. Volatile componenis also may |

be handled by conducting the cyclone exhaust through a scrubber unit and the like
after it exits the cyclone unit.

[0048] Substantially all the introduced feed material (“dry mix") may be
discharged as processed product within such a short period of time. The above-
noted processing temperatures and durations applied during gri'nding'of the feed
generally are low enough to help prevent any significant undesired changes in the
cocoa butter and/or starch structure or starch content of cocoa and other xngredlents,
or other physico-chemical attributes, from occurring durmg the grinding treatment
such as described herein. Any cocoa butter and starch content presentin the cocoa
(before granulation) is preserved substantially intact through the grinding treatment
performed in accordance with this invention. Conventional milling generally employs
moving parts to effect attrition of a material, which tends to generate localized heat.

" Intense or unduly elevated heat may increase the risk of degradation of desirable

chocolate functional features.
[0049] In one embodiment, the dry mixture of cocoa nibs and other chocolate

ingredients used as the feed material of the grinding process generally contains
about 10 percent or more, and particularly about 15 to about 60 percent lipid content,

-17-
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and less than 14 percent moisture, and generally from about 1 to about 14 percent
moisture, particularly about 1 to about 4 percent, when introduced into the cyclone
101 of system 100. The circular vortex air-flow grinds the nibs and otherdry -
ingredients at a controlled temperature to avoid releasing cocoa butter from the nibs.
The compressed air fed into the cyclone normally ordinarily is unheated, or at least is
not heated to a temperature that closely approximates or exceeds a melting
temperature of a lipid component of the dry mix being processed. In one
embodiment, the dry mix is processed at a cooled or at least at a nonheated
temperature, such as at a temperature of about 65 to about 75°F (about 18 to about
25°C), or lower temperatures, The ground (granulated) chocolate base material
obtained from the process generally contains about 1 to about 14 percent moisture
content. '

[0050] It may be necessary to dehumidify the compressed air before it is
introduced into the cyclone unit in high relative humidity (RH) conditions (e.g.. RH

‘greater than about 50 percent) to ensure that the feed material ("dry mix") can be

attrited into granular form and does not build-up into a sticky or pasty mass inside
the cyclone. The air may be dehumidified using a conventional cooling coil unit or
similar device used for dehumidification of process air (e.g., see Figure 5, feature
1231). The dehumidifer or air dryer 1231 may be a commercial unit for the general
purpose (e.g., Model MDX 1000 air dryer from Motivair, Amherst, NJ).

[0051] The heat exchanger (cooler) 123, dehumidifier 1231, and heater 1232
that typically is not used in practicing embodiments of this invention, are units of a
subsystem represented as air treatment module 1233 in Figure 5; control valves and
the like may be used to selectively control and manage air flow through the various

{t

air treatment units in module 1233.

[0052] A granular chocolate base product is obtained which can be stably
stored and conveniently transported at ambiént conditions, or may be used
immediately in food manufacture, particularly chocolate manufacture. Generally, the

. dry mix including the cocoa nibs is subjected to grinding into a smaller particle size

within a relatively short period of time (e.g., within several seconds) in a grinding
process performed in one unit operation as implemented on a cyclonic type system
that may be operated in a manner whereby the dry mix may be physically acted

. upon in a beneficial manner. A ground chocolate base product is obtained in a
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granulated form (e.g., @ solid fine particulate). Chocolate base products obtained by
the above-described grinding process preferably have commercially useful particle
sizes, such as for chocolate manufacture. inone embodiment, the granular -
chocolate base product obtained by processing chocolate ingradients without
chocolate liquor according to an embodiment of this invention generally may have a
particle size of less than about 300 microns, particularly less than about 200 V
microns, particularly about 20 to about 200 microns, and more particularly about 20
to about 35 microns. In one embodiment, the solid particulate product obtained as
the bottoms of the cyclone comprise at least about 50 percent ground chocolate
base product having a particle size of about less than about 300 microns, Particles
in the desired range (generally less than about 300 microns, preferably less than
about 200 microns, and more preferably less than about 50 microns) can be passed
to the remainder of the process and particles with higher particle sizes can be used
for other purposes or recirculated through the vortex grinding system for further
reduction. : T :

[0053] The resulting chocolate base product compriseé a useful commodity.
Chocolate base made in this manner may be used in chocolate manufacture (such
as described below), or alternatively may be used, for example, as a flavorant (and
for color) in such materials as cake mixes, frostings, cookies, ‘chocolate, drink mixes,
and the like.

[0054] As discussed above, significant particle size reduction of the cocoa and
dry ingredients may be achieved in the vortex-generating apparatus 101 sufficient to
reduce or even eliminate the need for confectibnery refining steps, thereby reducing

repair of confectionery refiners. Preferably, the cocoa particles are reduced to a
particle size below about 35 microns to ensure the correct chocolate rheology,
maximize fat release, and minimize maintenance of the confectionery refiners.
Traditionally, the chocolate industry uses a two-step refining process to reduce the
particte size of the cocoa and dry.ingredients. Typically, this is a 2-roll pre-refiner
followed by a 5-roll final refiner. Due to the significant particle size reduction of the
cocoa and dry ingredients thatis achieved in the cyclonic processing system,

refining needs are reduced or eliminated.
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[0055]) Referring again to Figure 2, if desired or needed, further particle size
reduction of the flowable powder optionally may be obtained by passing the
chocolate base powder obtained from the cyclonic process system described above
through a confectionery refiner. For instance, the flowable powder obtained by
passing the chocolate base powder obtained from the cyclonic process system can
be processed with 2 or 5-roll refiner with the benefit of having a higher capacity at
the refining process. Altematively, refiners can be eliminated through the use of a
mill, such as a ball mill, operated in parallel to or after conching, describad below. -
The chocolate base powder is then fed to the conching process, where other
ingredients, such as cocoa butter, anhydrous milk fat, emulsifiers (e.g., lecithin), -
flavors (e.g., vanillin) are added, creating a chocolate mass. As known, conching

.generally involves kneading the chocolate mixture with additional cocoa butter and
other remaining chocolate ingredients for an extended period of time sufficient to

give it its final smoothness and creaminess and remove any residual moisture.

. Optionaliy. if further particle size reduction of the chocolate mass is required, the

chocolate mass can be recirculated through a mili (€.g., ball mill), while conching, or

‘passed through such a mill after conching. Optionally, the chocolate mass can be
further processed in an evaporation unit (not shown), such as a thin film evaporator,

in a conventional manner to drive off unwanted volatile components and improve the
product taste. The chocolate mass can then be tempered, formed and cooled to
provide a finished chocolate product according to a traditional procedure. As known,
during te_rhpering the liquid chocolate generally cools and solidifies, and the cocoa
butter forms crystals. To temper chocolate, it preferably is heated and cooled under
controlled conditions so that a fine, even-grained texture is developed. Typically,
care is taken not to overheat the chocolate at this stage. Careful tempering also
reduces the teridency of chocolate to bloom.

[0056] The described process according to embodiments of the present
invention makes it possible to reduce and even completely eliminate cocoa liquor
processing from chocolate manufacturing. This eliminates the need for costly milling
and handling of cocoa liquor as well as Its shipping and storing in heated vessels,
among other advantages and imp rovements.

#
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[0057] Several chocolate formulation ingredients have been mentioned in the
ilustrations set forth herein. Further details on these categories of ingredients are |
included below. ‘

[0058] Cocoa nibs generally have a cocoa butter content of about 50 to about
55 percent, which melts at approximately 30°C. Unroasted cocoa beans and cocoa
nibs generally have moisture contents below about 8 percent and below about 6
percent, respectively. Both roasted cocoa beans and cocoa nibs generally have
moisture contents below about 4 percent. The size of the roasted or unroasted
cocoa beans or cocoa nibs is not particularly limited, but generally may range from
about 1000 to about 30,000 microns in the longest dimension. '
[0059] Natural cocoa butter may primarily comprise triglycerides of acids such
as oleic acid, palmitic acid, and stearic acid. During conching, the fat used will
normally ooqsist of cocoa butter and/or butterfat and/or cocoa butter equivalent
(CBE). CBE's are fats with a composition similar to cocoa butter, chemically and
physically, normally made from nonlauric fats; CBEs are currently. permitted by
regulations in an amount up to 5 percent in some countries. Thé present invention is
further applicable to compositions in which some of the cocoa butter is replaced
during conching by a partly or wholly non-metabolisable fat (e.g., Caprenin).

[0060] The dairy solids may comprise, for example, whole milk powder, whey
proteins, or low fat milk solids. The low fat milk solids preferably contain lessthan 5
percent fat, more preferably less than 2 percent fat and are most preferably skimmed
milk powder, or ingredients thereof or recombined dairy solids. The sweetener
preferably comprises a nutritive carbohydrate sweetener, and more preferably is a
sugar, in the form of a dry powder. The dry powder may be crystaliine. The sugar
used may be, for example, sucrose, glucose, dextrose, lactose, fructose, invert
sugar, corn syrup solids or sugar replacers such as polyols (e.g., sorbitol, mannitol,
xylitol, maltitol, lactitol, polydextrose, and the like) as well as mixtures thereof.
Preferably, the sugar used Is sucrose alone but, if desired, one or more other sugars
may be used together with sucrose in a minor amount. If desired, a partor all of the
sugar or sugar replacer may be replaced by a low calorie sweetening agent such as
a sucralose, cyclamate, aspartame, NutraSweet, and the like as well as mixtures

thereof.
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[0061] In order to improve the viscosity during processing of the chocolate
composition, at least one emulsifier will normally be included as an ingredient.
Typically, such emulsifiers include lecithin derived from soya bean, safflower, corm,
and the like, fractsonated lecithins enriched with either phosphatidyl choline,
phosphatidyl ethanolamlne phosphattdyl inositol: emulsifiers derived from oats,
mono- and diglycerides and their tartaric esters, monosodium phosphate derivatives
of mono- and diglycerides of edible fats and oils, sorbitan monostearate,
polyoxyethylene sorbitan monostearate, hydroxylated lecithin, synthetic
phospholipids such as ammomum phosphatides, lactylated fatty acld esters of
glycerol and propylene glycol, polyglycerol esters of fatty acids, propylene glycol
mono- and dlesters of fats and fatty acids.

[0062] Chocolate compositions manufactured in accordance with the present

invention may further include fiavorings, especially those traditionally associated with
chocolate, such as vanilia, fruit flavorings, mint ﬂavorings, finely powdered nuts, and
the like. Edible inclusions, such as nuts or nut fragments also may be added to the
chocolate compositions in conventional manners and at convenient times during
manufacturing. .
[00863] The moisture content is also an important factor which influences the
texture of the chocolate mass and the optimal level is desirable. A reduced moisture
content can result in a less viscous texture-because of the thickening effect which
minor amounts of water can produce in fat-based materials. The resultant chocolate
composition which includes the mixture of chocolate base and cocoa butter fat
preferably has a moisture content of not more than about 1 percent,

[0064] The chocolate composition may be a plain chocolate, milk chocolate, or
other type of chocolate composition and may be molded or extruded to form a bar
(filled or solid), it may be molded or deposited to form a solid or a filled chocolate
which may be of a single mouthful size, or it may take the form of vermicelli
chocolate, chocolate flakes, or nut chocolate derived from any of such chocolate
types. Alternatively, it may be used as a coating or encapsulating chocolate.

Indeed, the chocolate base compositions of this is Invention may be used to make any
of the known types of chocolate products.

[0065] In the case of milk chocolate, the chocolate composition will normally
comprise non-fat cocoa solids, fat, milk solids, nutritive carbohydrate sweetener and
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emulsifier. ‘in the case of dark chocolate, the chocolate composition wil normatlly
comprise non-fat cocoa solids, fat, nutritive carbohydrate sweetener and emulsifier.
As described above, the chocolate base may provide a preblended mixture of the

non-fat cocoa solids, fat, milk solids and/or nutritive carbohydrate sweetener. Other
chocolate ingredients also may be used in appropriate amounts for their intended

pUrpOSe. | B |

[0066] The Examples that follow are intended to illustrate, and not limit, the
invention. All percentages are by weight, unless indicated otherwise.

[0067] Example 1. A dry mix was prepared by blending roasted cocoa nibs

(17 percent), sucrose (60 percent), skim milk powder (17 percent), and sweet whey
powder (6 percent). This composition was dictated by the desired finished chocolate
recipe. The cocoa nibs used in these trials were & low roasted lvory Coast variety
having a fat content of about 55 percent. The dry mix blend was subjected o a
WINDHEXE apparatus for circular vortex air-flow material grinding. The WINDHEXE
apparatus was manufactured by Vortex Dehydration Systems, LLC, Hanover, '
Marytand. The basic configuration of that type of apparatus is described in U.S.
Patent Application Publication 2002/0027173, and reference is made thereto. The
process unit had two inlet ports equidistantly spaced around the upper portion of the
apparatus through which the compressed air stream was concurrently introduced in
a counter-clockwise direction.

[0068] Testing was performed in a WINDHEXE apparatus having a three-foot
diameter chamber using compressed air introduced at 16°C (60°F), a rate of 1,000
cubic feet per minute (cfm), and a pressure of 50 psi. The feed rate of the dry mix
blend was set for an approximate discharge of about 1 to about 1.5 pounds solid
product per minute, and approximately 200 total pounds of dry mix was tested in the
apparatus. The dry mix biend was loaded into a hopper that directly fed a screw
feeder that fed into the WINDH EXE apparatus. A flowable powder product stream
was discharged from the bottom of the cyclone in about .10 seconds., The flowable
powder was collected aﬁd analyzed for particle size distribution (D90 was about 50
microns) and aroma compound formation. The flowable powder product discharged
from the cycloné unit was used for producing chocolate.

[0069] Eor inventive Sample 1, a dry mix was processed in the cyclone as

described above, and the resulting free-flowing powdered product was combined
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with cocoa butter, anhydrous milk fat, vanillin and lecithin for conch processing into
milk chocolate using standard conching conditions. The dry mix and overall
chocolate formulations had the contents and respective amounts as indicated in
Table 1 below.

[06070] Table 1: Chocolate Formulation
Overall Milk

Ingredients Chocolate Mix (%)
Dry Mix
Cocoa nibs 13.1
Sugar 46.6
Milk powders 17.5
Added During
Conching
Caocoa butter 18.6
Anhydrous Milk Fat 4.5
Flavors 1.0
Lecithin 0.7
[0071) To prepare the chocolate, fiowable powder product discharged from

the cyclone unit was fed to a pilot plant conch together with the other chocolate
ingredients introduced during conching. The conching was conducted over a period
of approximately 5.5 hours. Conching was performed in a standard conch mixer
(AOUSTIN) using standard conching conditions. During conching, the temperature
of the chocolate mix was generally progressively increased from about 50 to about
85°C, before being cooled back to about 50°C before being unloaded. The
chocolate mix was unloaded into a tempering machine in which it was molded into
discrete tablets. The chocolate product was analyzed and sensorial tested.

[0072] For comparison, Sample 2 was prepared wherein a commercial ADM .
cocoa liquor was substituted for the dry mix. Except for the vortex grinding and the
use of cocoa liquor, essentially the same procedure and ingredients were used as )

“described in Sample 1, to prepare milk chocolate. For further comparison, @ high

quality. commercially available chocolate (Sample 3) was used.
[0073] Analysis for the three batches of chocolate products are set forthin

Table 2 below.
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[0074]) Table 2: Properties .
sample | !°°° l Fat (%) Molsture (%)
1 51.6 30 0.59
2 35.4 30.2 0.57
3 23.9 30.3 0.72
[0075] Sensory evaluation were carried out by a expert panel of chocolate

testers. All of the samples provide excellent chocolate characteristics and sensor
properties. It is expected thata second pass of the dry mix of sample 1 through the
vortex grinder would result in further particle size reduction and use of such adry mix
would provide a chocolate product equivalent to the high quality commercial
chocolate product.

[0076] Example 2. The effect of cyclone processing on dry mixes comprising
a mixture of milk powder, sugar, with and without cocoa nibs, was investigated;_
These respective dry mixes had the formulations as indicated in Tables 3 ahd 4
balow. The WINDHEXE apparatus was the same basic configuration as that
described for Example 1, and reference is made thereto. The conditions of this
experiment were also similar to that example, and reference is made thereto. A
portion of the dry mix lacking cocoa nibs was processed in the cyclone, while
another portion was not.

[0077] Table 3: Dry Mix Composition without Cocoa Nibs:

|ngredlants Amount !%z '
Sucrose 72.8
Skimmed Milk & 274
Sweet Whey Powders ) ' .o
Total 100 ‘

[0078] Table 4; Dry Mix Composition with Cocoa Nibs;

__Amount (%) __

Sucrose 60.3

Skimmed Milk & Sweet whey 227
Powders ’

Cocoa Nibs 17.0

Total ' 100
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[0079] The granulated product materials of each tvest run were collected and
subjected to fat assay and particle size distribution analysis, and the results are

indicated in Table 5 below.

[0080] Table 5: Powder Analysis

Dry Mix w/o nibs and
w/o cyclone freatment 0.2 ‘ 724'?

Dry Mix w/o nibs but
cyclone treated 0.1 36.8

Dry Mix with nibs and
cyclone treated 10 50.8

Particle size distribution measurements were made using a M;\lvern 2000 Particle
Size Analyzer. '

[0081] The granulated product materials of each test sample that received
cyclone treatment also were subjetted to flavor analysis. The cyclone-processed
milk mix had a slightly altered flavor compared to a standard dry mix that did not
contain nibs and was not cyclone-processed. However, both that standard sample,
and the cyclone-treated version thereof, were jow in aroma when compared with the
cyclone-processed dry mix prepared with cocoa nibs.

[0082] Example 3. The flavor profile of volatile compounds in cocoa nibs
subjected to vortex-processing as described herein was evaluated In comparison to
unroasted, unprocessed cocoa nibs to investigate the impact of the cyclone
processing on flavor characteristics of the nibs.

[0083] Separate batches of roasted cocoa nibs (3 to 4 percent moisture) and
unroasted cocoa nibs (5 to 6 percent moisture, 54 percent lipid content) were fed into
a WINDHEXE apparatus for circular vortex air-flow matenal grinding. The
WINDHEXE apparatus was the same basic configuration as that described for
Example 1, and reference is made thereto. The conditions of this experiment were
also similar to that example, and reference is made thereto. Granulated product
material of the test runs was collected and subjected to flavor profile analysis. The
flavor profiles of nibs processed in the cyclone and unprocessed nibs were evaluated
by gas chromatography-mass spectrometry. The processed nibs showed minor

¢
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increases in volatile compound concentrations as compared fo the unprocessed nibs

used as a control.
[0084] . Therewas essentially no difference in milling performance between

roasted cocoa nibs and unroasted cocoa nibs in the vortex grinder. Because of their
high moisture content, it is very difficult to grind unroasted cocoa nibs using
conventional or traditional chocolate milling equipment. Using the present vortex
grinding system, unroasted cocoa nibs can be easily ground to provide an excellent

' dry chocolate mixture.

[0085] While the invention has been particularty described with specific .
reference to particular process and product embodiments, it will be appreciated that
various- alterations, modifications and adaptattons may be based an the present
disclosure, and are intended to be within the spmt and scope of the present invention
as defined by the following claims. In particular, the features of all independent and
dependent claims can be combined 'with each other as’long as they are not

contradictory.

{t
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CLAIM
What is claimed is:

1.-A method for preparation of a chocolate base composition without
using cocoa liquor, wherein the chocolate base composition is suitable for
preparing chqcb!ate products, said method comprising: ' ‘

(1) providing a mixture comprising whole cocoa beans, cocoa nibs, or
mixtures thereof and optionally one or more dry chocolate-making edible
ingredient, wherein the mixture is dry and flowable;

(2)‘grinding the mixture ih a vortex grinding apparatus using a vortex-
forming compressed gas, to provide the chocolate base composition, wherein
th_é temperature within the vortex grinding apparatus during grinding is less than
30°C, wherein essentially no cocoa liquor is formed or generated during vortex
grinding, wherein the chocolate base composition is in a granular form with a
particle size of less than about 300 microns, and wherein the chocolate base

composition is suitable for preparing chocolate products.
2 The method of claim 1, wherein at least one chocolate-making
edible ingredient is included in the mixture. .

3. The method of claim 2, wherein the at least one chocolate-making e
edible ingredient is a dairy solid, a sweetener, cocoa powder, or mixtures

thereof.

4. The method of claim 2, wherein the at least one chocolate—,making

edible ingredient is a sweetener.

5. The method of claim 4, wherein the sweetener is sucrose.
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6. The method of claim 4 or 5, wherein the mixture further contains dairy

solids.

© 7. The method of any of the preceding claims, wherein the particle size of
the chocolate base composition is less than about 200 microns.

8. The method of according to any of the preceding claims, wherein the
mixture contains less than about 14 percent total moisture.

9. The method of claim 4, wherein mixture contains about 15 to about 85

" percent cocoa nibs and about 15 to about 85 percent sweetener.

10.The method of claim 6, wherein the mixture contains about 5 to about
30 percent cocoa hibs, about 30 to about 75 percent sweetener, and about 10 to
about 40 percent dairy solids. ' '

11.The method of claim 3, wherein the vortex-forming compressed gas is air,
and whersin the temperature within the vortex grinding apparatus during grinding is
less than about 20°C.

12.The method of claim 11, wherein the particle size of the chocolate base
compossition is about 20 to about 35 microns.

13.The method of any of the preceding claims, wherein the whole cocoa
beans, cocoa nibs, or mixtures thereof are unfermented.

14.The method of any of the preceding claims, wherein the whole cocoa
beans, cocoa nibs, or mixtures thereof are unroasted.

15. A method for preparation of a chocolate product with a chocolate base
composition, said method comprising:

(1) preparing a chocolate base composition by
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(A) providing a mixture compnsmg a cocoa material and optionally
one or more dry chocolate-makmg edible ingredient, wherein the
mixture is dry and flowable; and

(B) grinding the mixture in a voriex grinding apparatus using a
vortex-forming compressed gas, to provide the chocolate base

’ composition, wherein the temperature within the vortex grinding
apparatus during grinding is less than 30°C, wherein essentially no
cocoa liquor is formed or generated during vortex grinding, wherein

. the chocolate base compositionis in a granular form with a particle
10 size of less than about 300 microns, and wherein the chocolate base

composition Is suitable for preparing chocolate products;

(2) conching the chocolate base composition, cocoa butter, and an
emuisifier to form a chocolate material;

(3) tempering the chocolate material;

(4) forming the chocolate material into & chocolate product; and

(5) cooling the chocolate product.

16. The method of claim 15, wherein the cocoa material is whole cocoa
beans, cocoa nibs, or mixtures thereof.

17. The method of claim 16, wherein at least one chocolate-making edible
ingredient is included in the mixture and wherein the at least one chocolate-making

edible ingredient is a dairy solid, a sweetener, cocoa powder, or mixtures thereof.

18. The method of claim 17, wherein the emulsifier is lecithin and wherein
the particle size of the chocolate base composttion is less than about 200 microns.

19. The method of claim 17, wherein the chocolate base composition is
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refined before the conching step to reduce the particle size of the chocolate base
composition and wherein the particle size of the chocolate base composition is
less than about 200 microns before the milling conching step.

20. The method of any of claims 17 to 19, wherein the chocolate material is
milled before the tempering step to reduce the particle size of the chocolate
material.

21. The method of claim 15, wherein at least a portion of the milled
chocolate material is returned to the conching step before being passed fo the
tempering step.

- 22 The method of any of claims 17 fo 21, wherein the particle size of the
chocolate material is about 20 to about 35 microns before the tempering step.

23. The method of any of claims 17 to 22, wherein the at least one
chocolate-making edible ingredient is a sweetener.

24. The method of claim 23, wherein the sweetener is sucrose.

25. The method of claim 23 or 24, whersin the mixture further contains
dairy solids.-

it

26. The method of claim 23, wherein the mixture contains about 1510
about 85 percent cocoa nibs and about 1510 about 80 percent sweetener.

27. The method of claim 25, wherein the mixture contains about 5 to about
30 percent cocoa nibs, about 30 to about 75 percent sweetener, and about 10 to
about 40 percent dairy solids.

28. The method of claim 16 or 17, wherein the vortex-forming compressed
gas is air, and wherein the temperature within the vortex grinding apparatus du ring
grinding is less than about 20°C.
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29. A methad for preparation of a chocolate base composition without
using cocoa liquor, wherein the chocolate base composition is suitable for
preparing chocolate products, said method comprising:

(1) introducing compressed gas into an enclosure that includes a truncated
conical shaped section, wherein the introduced gas travels along a downward path
through the enclosure, including the conical section, to a lower end thereof, and
gas reaching the lower end flows back up and exits the enclosure via an exhaust

outlet,

(2) introducing into the enclosure, a mixture comprising whole cocoa
beans, cocoa hibs, or a mixture thereof and optionally one or more oné chocolate-
making edible ingredient, as flowable dry ingredients, which mixture is entrained in
the introduced gas traveling downward through the enclosure, wherein at least a
portion of the mbiture is ground before reaching the lower end of the enclosuré fo
form a granular chocolate base composition;

(3) discharging the granular chocolate base composition from the lower
end of the enclosure; '

wherein the temperature within enclosure during grinding is less than 30°C,
wherein essentially no cocoa liquor is formed or generated during grinding,
wherein the discharged chocolate base composition is in a granular form with a
particle size of less than about 300 microns, and wherein the discharged chocolate
base composition is suitable for preparing chocolate products.

30. The method of claim 29, wherein at least one chocolate-making edible
ingredient is included in the mixture, wherein the temperature within envclosure
during grinding is less than 20°C, and wherein the discharged chocolate base
composition is in a granular form with a particle size of less than about 200

microns.

31. The method of claim 29, wherein the at least one chocolate-making
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edible ingredient is a dairy solid, a sweetener, cocoa powder, or mixtures thereof,
wherein the temperature within enclosure dt'mng grinding is less than 20°C,
wherein the discharged chocolate base compositidn is in a granular form with a
particle size of less than about 200 microns.

32. The method of claim 30 or 31, wherein the cocoa material is cocoa nibs
and the particle size is less than about 50 microns. o

33. A chocolate base material suitable for preparing chocolate products, -
said chocolate base material containing a co-ground mixture of a cocoa material
and optionally one or more chocolate-making edible ingredient, wherein the co-
ground mixture is are prepared in a vortex grinding apparatus using a vortex-
forming compressed gas, to provide the chocolate base composition, wherein the
temperature within the vortex grinding ‘apparatus during grinding is less than 30°C,
wherein essentially no cocoa liquor is formed or geherated during vortex grinding,
wherein the chocolate base composition is in a granular form with a particle size of
less than about 300 microns, and wherein the chocolate base composition is
suitable for preparing chocolate products.

34. The chocolate base material of claim 33, wherein the cocoa material is
cocoa hibs and the co-ground material contains one or more chocolate-making
edible ingredient, wherein the one or more chocolate-making ingredient is a dairy
solid, a sweetener, cocoa powder, or mixtures thereof sweetener, wherein the
temperature within enclosure during grinding is less than 20°C, and wherein the - =
dischérged chocolate base composition is in a granular form with a particle size of
less than about 200 microns.

35. The chocolate base materiél of claim 33, wherein the particle size is
less than about 50 microns.

36. The chocolate base material of claim 34, wherein co-ground mixture
comprises about 15 to about 85 percent cocoa nibs and about 15 to about 85
percent sweetener.
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37. The chocolate base material of claim 34,-wherein co-ground mixture
comprises about 5 to about 30 percent cocoa nibs, about 30 to about 75 percent
sweetener, and about 10 to about 40 percent dairy solids.

38, A white chocolate base material suitable for preparing white chocolate

products, said chocolate base material containing a co-ground mixture of a

sweetener and dairy solids, wherein the co-ground mixture is are prepared in a
vortex grinding apparatus using a vortex-forming compressed gas, to provide the
chocolate base composition, wherein the white chocolate base composition is in a
granular form with a particle size of less than about 300 microns, and wherein the
chocolate base composition is suitable for preparing chocolate products.

39. The white chocolate base material of claim 38, wherein the particle size
is less than about 50 microns. S

40. A method for preparation of a white chocolate base composition,
wherein the white chocolate base composition is suitable for preparing white
chocolate products, said method comprising:

(1) providing a mixture comprising a sweetener and dairy solids, wherein
the mixture is dry and flowabls;

(2) grinding-the mixture in a vortex grinding apparatus using a vortex-
forming compressed gas, to provide the white chocolate base composition,
wherein the white chocolate base composition is in a granular form with a particle
size of less than about 300 microns, and wherein the white chocolate base
composition is suitable for preparing white chocolate products.

41. The method of claim 40, wherein the particle size is less than about 50

microns.

42. A method for preparation of a white chocolate base composition,
wherein the white chocolate base composition is suitable for preparing white
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chocolate products, said method comprising:

(1) introducing compressed gas into an enclosure that includes a truncated
conical shaped section, wherein the introduced gas travels along a downward path
through the enclosure, including the conical section, o a lower end thereof, and
gas reaching the lower end flows back up and exits the enclosure via an exhaust
outlet;

(2) introducing into the enclosure, a mixturé comprising a sweetener and
dairy solids, as flowable dry ingredients, which mixture is entrained in the
introduced gas traveling downward through the enclosure, wherein at least a
portion of the mixture is ground before reaching the lower end of the enclosure to
form a granular white chocolate base composition;

(3) discharging the granular white chocolate base composition from the
lower end of the enclosure; '

wherein the discharged white chocolate base composition is in a granular
form with a particle size of less than about 300 microns, and wherein the
discharged white chocolate base composition is suitable for preparing white
chocolate products.

43. The method of claim 42, wherein the particle size is less than abou; 50
microns. e
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