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(SW: REDUCED-FAT FLAVORZED COATING AND METHODS OF USING SAME

€87 Abstract: A reduced-fat flavored coating including a suffamcient
amount of flavoring agent, c.g., c=o0coa, to provide a selected fllavor,
a matrix of sugar crystals and sugmrar glass dispersed through thee fla-
voring agent in an amount effecti=ve to provide the coating witl—y suf-
ficient structural integrity to preve=nt flowability at temperature=s less
than about 40°C, and a plurality o { microspheres including a dr—y hy-
drocolloid component that are dis persed through the flavoring zagent
and sugar matrix to provide a slipgpery mouthfeel that mimics famt and
begins to disperse when in contact  with saliva so as to mimic the melt-
ing of cocoa butter during consum. ption of chocolate, wherein th_e fla-
vored coating is at least substantial My anhydrous and has less than =about
10 weight percent fai, and whereimn the fat present exists as disp=ersed
micro-droplets. Methods of using  same, e.g., to enrobe confecticonery
products or other food products, ass well as the resultant food prociucts,
as also included.

Medium glos=s
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REDUCED-FAT FLAVORED COATIING
AND METHODS OF USING SAME_

AND METHODS O U>LINEy DA VT2
TECHNICAL FIELD

“The present invention is directed to the manufactur-e of reduced-fat, flavored
coatings that in cludes a flavoring agent, a matrix of sugar crystals and sugar glass, and a
plurality of microspheres including a dry hydrocolloid componen€ to provide a slippery
mouthfeel and amimic the melting of cocoa butter during consump-tion of chocolate and is

suitable for uses with confectionery products for consumption in tr-opical climates.

BACKGROUMD ART

Conventionally manufactured chocolate consists o-f sugars, cocoa solids and
protein (usuallzy from milk) homogeneously dispersed in fats and fatty substances originating
from cocoa buttter. Chocolate analogues contain other vegetable —fats. Often the continuous
fat phase also contains dairy fat. Chocolates typically contain 30 to 38 weight percent total
fat and in conventional milk chocolates the fat accounts for aboutk 57 weight percent of the
energy (calories).

Since the fatty components are the continuous phamse of chocolate, the storage
stability and tesmperature behavior primarily depend on the physi-~cal properties of the fat
phase. Cocoa butter is polymorphic. Six crystal forms have beem described — with different
melting characteristics as noted below in Table 1 (G. Talbot, Fat eutectics and crystallization.
In Physico-chezmical aspects of food processing (Beckett, S.T., ecl.). Blackie Academic and
Professional, T_ondon, 1995, pp. 142-166.) Tempering, as part of ™ the process of
manufacturings chocolate, is aimed at ensuring that cocoa butter crystallizes mainly in the
crystal forms V and V1 which have the highest melting temperatmres.

Table 1: Melting points of cocoa butter polymorphs

Crystal Melting point

form (°C)
I 16-18
II 21-22
m 25.5
v 27-29
A% 34-35
V1 36

Nonetheless, the cocoa butter typically starts to soften at about 28°C, with
consequent losss of the mechanical strength of the chocolate. This means that at the high

-1-
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ambient temperzatures frequently encountered in tropical countries, chocolates becomes sticky
or even runny. Mt tends to stick to the wrapper and fall apart when the wrappoer is removed,
leaving a semi-1-iquid mass that can often only be eaten with a spoon if clearliness is desired.
Enrobed chocolzate products typically lose structural integrity under these conditions, with
their contents offten leaking and individual units tending to stick together in the packaging.
Chocolate also Moses the ‘snap’ that is an important (and pleasurable) textur-al characteristic of
chocolate storec and eaten under cooler conditions. Another problem assoc=iated with the low
melting point of cocoa butter is that of blooming, which is caused by the separation of the
melted cocoa buutter on the surface of chocolate products at higher temperat-ures followed by
its subsequent crystallization as the temperature falls. This gives an unplea=sant grayish
appearance to the product, reminiscent of mold. Repeated exposure to lon=Z hot and cold
cycles is particailarly likely to encourage blooming.

=The use of hydrocolloids to mimic fat is well known to thos e of ordinary skill
in the art (see, —for example, Deis, C.M., Reducing fat: A cutting-edge strat-egy, Food Product
Design, March.  1997). Unfortunately, products made hitherto have failed teo fully match the
features that coansumers find attractive in fatty foods, particularly confectiosnery products, and
have met with -only limited success in the market place. None of the strate gies previously
proposed is dir-ectly applicable or fully successful in mimicking chocolate.

Thus, it is still desired to produce flavored coatings that are low-fat, low-

calorie, or botl, while preferably being melt-resistant under tropical or hot= conditions, and yet

still retain or a~pproach the various features of conventional flavored coatirags.

SUMMARY OF THE INVENTION

The invention encompasses a reduced-fat, flavored coating including a
sufficient amo—unt of flavoring agent, e.g., cocoa, to provide a selected flavwor, e.g., chocolate
flavor, a matri=x of sugar crystals and sugar glass dispersed through the fla—voring agent in an
amount effecti_ve to provide the coating with sufficient structural integrity to prevent
flowability at stemperatures less than about 40°C, and a plurality of micros—pheres including a
dry hydrocolloid component that are dispersed through the flavoring agen-t and sugar matrix
to provide a sl_ippery mouthfee] that mimics fat and begins to disperse wheen in contact with
saliva so as to mimic the melting of cocoa butter during consumption of c_hocolate, wherein
the flavored cooating is at least substantially anhydrous and has less than albout 10 weight

percent fat, an_d wherein the fat present exists as dispersed micro-droplets._.
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In one embodiment, the hydrocolAoid component includes at least one of an
isoMated proteinaceous material, a galactomannas=, or a granular starch, or any combiration
thereof. In a preferred embodiment, the hydrocolloid component includes egg albummmin, whey
protein isolate, soy protein isolate, casein, sodiu=m caseinate, guar gum, locust bean gzum,
fermugreek gum, tara gum, gum acacia, corn starcsh, potato starch, wheat starch, tapioca starch,
or .a combination thereof. In a more preferred emmbodiment, the hydrocolloid compoment
includes guar gum, egg albumin, and at least on_e starch. In another embodiment, thes
hy=drocolloid component includes one or more mmon-crosslinkable hydrocolloids. In yret
aneother embodiment, the hydrocolloid componesnt will become dissolved at about 36°C to
38 °C in saliva. In one embodiment, the microspoheres swell in contact with a consummner's
mouth and release a portion of the hydrocolloid component to permit disintegration —thereof,
i.e=., without mastication. In yet another embod-iment, the dispersed hydrocolloid cormponent
washes away from the mouth in about 80 to 12 percent of the time that it takes for chocolate
to wash away from the mouth. The coating of fthe invention is also typically glossy in
sumbstantially the same manner as chocolate.

In one embodiment, the sugar nmatrix includes sucrose, glucose, fructrose,
soerbitol, mannitol, maltitol, xylitol, erythritol, 1 actitol, polydextrose, maltodextrin, ©Ora
coOmbination thereof. In a preferred embodimemt, the sugar matrix includes corn symrup and
powdered sucrose.

In another embodiment, the redwaced-fat, flavored coating further inc_Iudes milk
haaving less than about 3 weight percent water content. In one embodiment, the flawsoring
agzent includes strawberry, cocoa, chocolate-flamvored components, or a combinatior thereof.
Ira yet another embodiment, the flavoring agen® includes cocoa and a portion is alkamlized
cocoa.

The invention also encompassess coatings formed from the reduced-f#Kat
fl_avored coating. In one embodiment, the watesr activity of the reduced-fat flavoreca coating is
albout 0.45 to 0.55. In another embodiment, th_e flavored coating is anhydrous. In et another
exmbodiment, the flavored coating has a shelf-1-ife of at least about 3 years without
refrigeration. In yet another embodiment, the —flavored coating will not leave a visi_ bly
d_etectable amount of coating on a human hand in an ambient environment. In anotiher
e-rnbodiment, the flavored coating is substantiamlly free of a grit-increasing agent.

The invention also encompasse=s methods of disposing the reduced-#at flavored
c~oating over a portion of a confectionery prodwuct and drying the coating to atleast a
swibstantially anhydrous state.

~3-
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The invention further encompasses a method of making a reduced-fat flavored
coating by combining a sufficient amount of flavo-ring agent to provide a selected flavor, a
sugar matrix including a plurality of sugar crystalss and sugar glass, and a plurality of
microspheres including a dry hydrocolloid compoment to provide a slippery mouthfeel that
mimics fat and begins to disperse when in contact with saliva so as to mimic the melting of
cocoa butter when being consumed, combining th-e flavoring agent, sugar matrix, and
microspheres with milk to form a flowable reduce=d-fat coating, and drying to at least a
substantially anhydrous form to provide the coatirag with a non-flowable texture, wherein the
reduced-fat coating has less than about 10 weight percent fat which exists as dispersed micro -
droplets.

BRIEF DESCRIPTION OF THE DRAWINGS
Further features and advantages off the invention can be ascertained from the

following detailed description that is provided in connection with the drawing(s) described
below:

FIG. 1 depicts different gloss leve 1s with high gloss being provided by
coatings of the invention;

FIGS. 2 and 3 depict atomic force microscopy images of dull and glossy
coating surface topography to the same scale; aned

FIG. 4 depicts the effects of hydroOcolloids on the three stages of mouthfeel

according to the invention.

DETAILED DESCRIPTION OF THE PREFERIRED EMBODIMENTS

This invention advantageously preovides a formulation for a reduced-fat edibBe
flavored coating, typically for use in connection with confectionery products, that in one
embodiment closely resembles the appearance amd mouthfeel of a fat-containing coating,
such as a chocolate or chocolate analogue coatin_g. The coatings of the invention have a
glossy appearance and mimic the eating characteristics of conventional chocolate, e.g.,
organoleptic characteristics including lubricity o=f mouthfeel. These coatings, since they havwe
very little fat content, typically also have much 1 ower energy (i.e., caloric content) than
conventional chocolate or other coatings, they deo not suffer from fat bloom, and can at leasat
substantially, or preferably entirely, retain their sshape and texture at the elevated temperatumres
encountered in tropical climates, i.e., up to abou~t 40°C. The coatings of the invention are

preferably also melt-resistant in such tropical clizmates. Without being bound by theory, iti_s
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believed that these surprising and unexpected teenefits of the present coatings are achievred in
part through use of fat mimicry to provide certzain benefits of fat while minimizing or
avoiding certain disadvantages of fat content.

The flavored coating formulatican of the invention includes a sufficient a—mount
of a flavoring agent, such as cocoa, to provide a selected flavor, such as chocolate, as wrell as
a matrix of sugar crystals and sugar glass dispersed through the flavoring agent in an armount
effective to provide the coating with sufficient= structural integrity to prevent flowabilit=y at
temperatures less than about 40°C, and a plura_lity of microspheres including a dry
hydrocolloid component that are dispersed thr-ough the flavoring agent and sugar matri_Xto
provide a slippery mouthfeel that mimics fat aund begins to disperse when in contact wilith
saliva so as to mimic the melting of cocoa but=ter during consumption of chocolate. Time
flavored coating of the invention is preferably~ at least substantially anhydrous and has less
than about 15 weight percent fat, and whereimm the fat present exists predominantly as
dispersed micro-droplets. The resultant reduced-fat flavored coating is suitable for use=in
conventional enrobers and other equipment, v=vith only a modification being necessary for
drying the coating as drying can take longer t¥an with conventional coatings. This camnbe
readily accomplished by those of ordinary skl in the art by fitting the machine with a_ mesh
belt and stream of dehumidified air provided in the cooling tunnel. The resultant coat—ings can
be prepared to mimic, e.g., milk or dark choc~olate.

‘While this invention focuses s—pecifically on flavored coatings, it teaches a
novel approach to fat mimicry using a hydrocolloid component that is capable of moree
general application than simply flavored coat=ings or chocolate coatings. It can be use=d in any
food product where fat mimicry is desired. T hree distinct attributes of the fat have besen
identified and addressed, particularly as they relate to chocolate but also other produc—ts, as
well. These include the role of the fat in pro=viding lubricity in the mouth; mouthfeel control
via the change of state from solid to liquid fast during mastication, and the role of fat in
determining the light reflection characteristics of the surface of the coating — i.e., in
determining gloss. The present invention sumrprisingly provides each of these three desirable
characteristics typically found in fat-laden fooods, but without the same amount of fat_

The reduced-fat edible flavoresd coating, typically chocolate, is preparesd with a
sufficient amount of a flavoring agent to pro-vide consumers with a detectable flavor, eg.,
strawberry, chocolate, or the like. Ifa chocoolate flavor is desired, any suitable cocoa or
chocolate-flavored material available may bez used as the flavoring agent. When coccoa is

used, it is preferably used substantially free of fat or calorie-laden materials such as cSocoa
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butter. In one enbodiment, the cocoa may even be alkalized cocoa, or inclumde an alkalized
portion. One exe>mplary cocoa can have about 8 to 15 % fat content. The fl_avoring agent is
typically present in an amount of about 0.001 to 30 weight percent, preferat>ly 0.5 to 25
weight percent o-1 1 to 20 weight percent, of the reduced-fat flavored coatingz. For example, if
a strawberry flavoor is desired, the flavoring agent might contain about 0.1 to 15 weight
percent of one o= more components that provide a strawberry flavor, while =about 2 to 20
weight percent of cocoa or chocolate-flavored components can be included when a chocolate
flavor is selectecl.

T he coating also includes a matrix of sugar crystals and sugzar glass dispersed
through the flav oring agent in an amouat effective to provide the coating weith sufficient
structural integrity to prevent flowability of the coating at temperatures lesss than about 40°C.
Although small amounts of liquid fat component or other components may~ leach out over
time, these are rminimal or even completely avoided over the typical shelf-Rife of the food
products into w_hich the reduced-fat flavored coating of the invention is inccluded. The
flavored coatingzs typically have a shelf-life of at least about 3 years withovat refrigeration,
although shorter or longer times can be provided with reference to the teacchings herein.

AAny suitable sugar or mixture thereof can be used to form t™he matrix, although
preferably the s-ugars include saccharides. The sugar crystals and glass typically include any
sugars or sugar alcohols, preferably sucrose, glucose, fructose, sorbitol, maannitol, maltitol,
xylitol, erythrit<ol, lactitol, polydextrose, maltodextrin, inulin, or a combinzation thereof.
Preferably, the sugar includes corn syrup and powdered sucrose. The sugaar is typically
present in an armount of about 50 to 98 weight percent, preferably from ab out 60 to 90 weight
percent. In one> example, the sugar is present in an amount of about 65 to 85 weight percent.
Preferably, the sugar is present in an amount of about 50 to 80 weight perczent. For example,
sucrose can be present in about 55 to 72 weight percent while corn syrup <an be present in an
amount of abowat 10 to 22 weight percent. Inulin can be used to replace a gportion of the sugar,
advantageouslsy further reducing the glycemic index and energy content o—=fthe coatings of the
invention.

Without being bound by theory, it is believe that the "suga-r glass” or glassy
sugar or the combination of such sugar with crystalline sugar, rather than crystalline sugar
alone, providess the surprising characteristics of the coatings of the presen-t invention. Sugar
glass fractures easily upon consumption and dissolves even faster than an_ equivalent
crystalline sugzar structure. Thus, the ratio of sugar glass to crystalline sugar permits

increased contmrol of the dissolution characteristics while being consumed._, i.e., "in-mouth.”
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Thajs dissolving effect is different from the disintegrating effect caused by gum s-welling that
bresaks the coating mass into tiny fragments during consumption. The glassy sugzar forms
upeon drying the mass of the invention to a point where the viscosity is sufficienfkly high that
thee sugar molecules can no longer adopt a regimentexd, ordered layout to form cxystalline
suagar, even though this is ultimately a lower energy state than the glassy form. Thus, the
m-olecules of sugar glass are random rather than ordered, and glassy rather than crystalline.
Si#nce the sugar glass molecules have less energy than ordered sugar crystal moRecules, the
suagar glass binding energy is lower and therefore, g-lassy sugar requires less encrgy to

dil ssolve than sugar crystals. As aresult, it is believ-ed that more rapid dissolutieon of the
coOatings of the invention occurs using a higher ratio of sugar glass compared tos sugar
curystals.

The hydrocolloid component can be any suitable hydrocolloid naterials
a=vailable to those of ordinary skill in the art. Typically, the hydrocolloid compeonent includes
a*t least one of an isolated proteinaceous material, a galactomannan, or a granul_ar starch, or
a—ny combination thereof. Preferably, the hydrocoll oid component includes eg= albumin,
wwhey protein isolate, soy protein isolate, casein, so<dium caseinate, guar gum, lsocust bean
g-um, fenugreek gum, tara gum, gum acacia, corn starch, potato starch, wheat s—tarch, tapioca
s—tarch, or a combination thereof. More preferably, the flavored coating includess a
I ydrocolloid component that includes guar gum, eg2g albumin, and at least one starch. The
baydrocolloid component is typically present in an axmount sufficient to increases the coating
wiscosity during drying so that a suitable amount of sugar glass forms. Duringz drying, the
Iaydrocolloid component inhibits sugar crystallizataon, which facilitates the rermainder of
Aissolved sugar forming into sugar glass rather tham crystals. Thus, the hydro—olloid
c=omponent preferably is present in an amount of albout 0.1 to 8 weight percent=, preferably
From about 2 to 5 weight percent, of the reduced-fat flavored coating. In one oreferred
e>xample, about 3 to 4 weight percent of the hydrocolloid component is presen_t.

It is desired that the hydrocolloid component includes one or mmore non-
crosslinkable hydrocolloids. The hydrocolloids are preferably non-crosslinka®ble so that they
r=more readily dissolve typical mouth temperatures «©f about 36°C to 38°C. The= hydrocolloids
can provide the coating with one or more surprisirmg characteristics typically feound in fat-
toearing foodstuffs, such as cream texture, silky feeling to a consumer's hands even at tropical
ttemperatures, or the like.

The hydrocolloid component is pre ferably disposed as a plural=ity of
mnicrospheres. smooth microspheres formed from Jhydrocolloids. By acting ass “ball

-7-
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bearings”, theese microspheres can also provide the final coating a mmouthfeel similar to fatin
chocolate aned chocolate analogue or chocolate-style products. The —microspheres of
hydrocolloid component typically swell in contact with a consumer™s mouth, or in contact
with saliva, =and release a portion of the hydrocolloid component to  permit disintegration
thereof witheout mastication. This is also called the "melt away" ability. Preferably, at leasta
majority of the hydrocolloid component is collectively released fromm the microspheres, more
preferably ast least about 80 weight percent of the hydrocolloid commponent is released. Ina
preferred emmbodiment, at least about 90 weight percent, more prefesrably at least about 98
weight perceent, of the hydrocolloid component is released from thes microspheres during
consumptiomn to provide the surprising and beneficial fat mimicry cf the present invention. In
embodimen_ts where lower percentages of microspberes disintegratze to provide the
hydrocolloied component, a larger relative amount of microspheres or hydrocolloid
component can be included.

The hydrocolloid component disperses from the pharality of microspheres.
The disperssed hydrocolloid component typically washes away frorm the mouth in about 80 to
120 percentk of the timé that it takes for chocolate to wash away froom the mouth, thereby
providing a- mouthfeel similar to that of fat in conventional chocol_ate. Without being bound
by theory, this characteristic is provided by saliva or water enterirmg the coating so as to swell
the hydrocolloid component therein and cause it to disintegrate in the mouth. The larger
surface are=a and higher sugar content compared to conventional cThocolates causes dissolving
of the hydr-ocolloid component at a rate substantially similar to thaat of the kinetics of cocoa
butter melt ing.

Optionally, the reduced-fat coatings of the inventicn can include one or more
other compoonents, including a coloring agent, an opacifying agenat, a processing aid, mold
inhibitor, oor the like, or a mixture thereof. A suitable coloring ageent can be included in
amounts sLafficient to help provide the appearance of dark chocolzate or milk chocolate. One
componen-t that can be included is titanium dioxide, which when - used can be included in an
amount of ~ about 0.01 to 3 weight percent, preferably 0.5 to 1.5 weight percent. Exemplary
amounts iraclude 0.6, 0.8, 1, 1.2, 1.4 and 1.5 weight percent of tit=anium dioxide.

The coatings of the invention are substantially freee, or completely free except
possibly foor trace amounts, of several ingredients that tend to weaaken or prevent proper
formation of the sugar crystal matrix. The coatings are at least swabstantially anhydrous,
preferably— anhydrous. The substantially anhydrous form of the finished coatings, i.e., dried

coatings, ccan be formed from masses containing agueous or watesr-based materials, such as a
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liquid milk com-ponent. Liquid milk components can be non-faat or whole milk, and
optionally in pamrtially dehydrated form. The liquid, e.g., milk, in aqueous form is typically
incorporated in —the mass in an amount such that it provides no - more than about 15 weight
percent water content. Milk may also be added in Jower amou-nts or in powder form, such as
milk solids. Su—fficient water is then removed from the milk ccomponent, typically through a
drying or evaposrative process, so that the coating is substantiaB1ly anhydrous.

“Yhe drying process typically needs to be modifmed for each type or size of the
conventional or- novel center on which the coating is disposed,.. and such routine modifications
will be readily E<nown or can be readily determined by those o—f ordinary skill in the art. For
example, a sma_1l portion of moisture could be added to a parti _cularly dry center to facilitate
proper drying o=f the coating thereon. The coatings should be «dried so that a majority of
dispersed solidss are trapped within a suitable volume of glassss7 state matrix, and if this is not
done properly = sugar bloom may result over time--either at ke coating surface or just
beneath it so ass to not be readily visible. For example, the corzuplete drying process typically
occurs within asbout 90 minutes, preferably within about 60 m_inutes. Temperatures are
preferably closee to ambient, such as about 21°C to 24°C, withe humidity varying from about 5
to 55%. Prefer—ably, drying is accomplished more rapidly in a_ir of lower humidity such as
below about 15%, as this minimizes the effects various coatec3 materials will provide to the
gloss of the coaating disposed thereon. It is also possible to dr~y coatings of the invention over
longer periods of time with air of higher humidity; these varizables are also dependent on the
ambient relativwe humidity and coated material composition, a _s well.

The flavored coatings can be applied to any su.itable type of food that might
need a coating  as described herein, although they are preferaloly applied as chocolate
analogue coatings. Other common types of food for use with_ in the invention includes ice
creams, cakes, muffins, pies, or the like. Preferably, due to thne stabilization against tropical
or hot tempera—tures up to about 40°C, the coating also will nost melt in a human hand in an
ambient envirconment. As a result, there will be an insufficierat amount of coating remaining
on the hand afster contact to visibly detect, which inhibits forrmation of greasy stains on a
consumer's hards. When sufficient moisture gathers on a sur—face contacting the coatings of
the invention, “however, the coating may begin to destabilize worliquefy. The coatings also
preferably do ot crack, such as during storage or consumpticon.

The reduced-fat flavored coatings of the invenmtion are typically substantially
free of a grit-itcreasing agent or calcium chloride. A common grit-increasing agent includes

microcrystallirae cellulose. The coatings of the invention are also preferably at least
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substantially free, more preferably entirely free, of crosslinking agents, as these= tend to limit
the ability of the hydrocolloid component t-o properly disperse when the coatin; gs of the
invention are consumed. The coatings do 1ot require refining, conching, tempsering, or the
like, or any combination thereof, although <one or more of these processes may - be employed
if desired.

The coatings of the invention can be used in conventional proce=ssing
equipment, such as enrobing or panning equipment. Thus, the flavored coating g can be coated
over a portion of a confectionery product aand still have the desired stability unader hot or
tropical conditions of up to about 40°C. This is achieved by drying the coatings of the
invention to a substantially anhydrous statse. Preferably, the flavored coating Ias less than
about 20 weight percent fat, preferably les s than about 10 weight percent fat, &and more
preferably less than about 5 weight percerxt fat, In particular, less than about = weight percent
fat is desired. An exemplary coating contains only about 1 to 2 weight percermt fat content.
Although fat can be added separately from the compounents described herein, goreferably the
coatings contain no added fat beyond that already present in the flavoring age—mt, sugar matrix,
and microspheres containing the hydrocol loid component. In one preferred emmbodiment,
flavoring agent, sugar components, microsspheres, and any other components «of the coating
are selected to minimize or avoid fat content inherently present in such matermals. The fat
content that is present is preferably in a di_spersed fashion within the coating, ~e.g., as micro-
droplets. These micro-droplets preferably? have a mean size of less than abou~—t 3 pm,
preferably from about 1 to 3 pm. As the chocolate-style coating that exempli-fies this
invention is substantially fat-free, the harciness and tensile strength of the surfiface does not
depend on the limited hardness and tensile strength of solidified fats. Thus, i#t is now possible
to use a thinner coating than is practicable with chocolate while maintaining t=he same (or
better) mechanical strength. For example, coating thicknesses can be less thaan about 95
percent, preferably less than about 90 perecent, of a conventional chocolate cowating thickness.
Preferably, the coating thickness of the in-vention can be as low as about 10 to 50 percent or
20 to 40 percent, of the thickness of conventional chocolate coatings. For exaample, the
coatings can preferably be less than about 2 mm thick, preferably less than atoout 1 mm thick,
to facilitate dissolution of the sugar glass,. disintegration of the microspheres, and even
mastication of the coatings if desired. Theicknesses as low as about 0.1 mm tc 0.8 mm,
preferably about 0.1 mm to 0.5 mm, can e readily achieved, as well. This alibility to provide
thinner coatings can provide added benef5it in reduction of fat and energy con_tent of the
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coating, while still providing the advantages of a similar chocolate or chocolate zanalogue
coating.

The coating of the invention supplies ab-out 10 percent, preferabl=y about 20
percent, and more preferably about 25 percent less enexgy than a typical milk chmocolate based
on equivalent weights of product. Inone embodiment,. the flavored coating of tihe invention
can achieve a 28 percent energy reduction, i.e., fewer =alories, compared to millik chocolate.
For example, a coating of the invention can have less £han about 450 calories / W 00 g milk
chocolate coating, preferably less than about 400 calories / 100 g milk chocolatee coating of
the invention. Further energy reductions are possible Ty partial or complete subostitution of
low-energy saccharides or sugar alcobols for sucrose. Conventional articles camn be coated
using the coating of the invention, including previousLy uncoated health food omx low fat
products that could not previously have been suitably coated with conventionala chocolate or
chocolate analogue coatings due to their well-known Iigh caloric convent. Sur—prisingly, the
resultant coatings of the invention can provide a coatimg where fat content prowsides only
about 1 to 20 percent, preferably about 2 to 10 percent, of the energy therein.

Advantageously, the reduced-fat flavoxed coating of the inventi~on is
substantially flake-free compared to conventional choecolate. Without being bo -und by theory,
it is believed that fracturability is not accentuated by ®the slip planes found in c—xystallized fats.
This leads to decreased likelihood of flaking. Also, thhe coating of the inventiosn is not
softened by the elevated ambient temperatures typical of tropical climates up t_o about 40°C.
It is softened only by interaction with the saliva in thes mouth or other moisture=, and
preferably only by saliva. Consequently the coating eof the invention retains it s desirable
eating characteristics under tropical conditions and cawses no soiling of finger=s or clothing.

Processes of making a reduced-fat flawored coating are also included. A
typical process simply involves combining a sufficiemt amount of flavoring agsent to provide a
selected flavor, a sugar matrix including a plurality o»f sugar crystals and suga-r glass, and a
plurality of microspheres comprising a dry hydrocolL oid component to providee a slippery
mouthfeel that mimics fat and begins to disperse when in contact with saliva soas to mimic
the melting of cocoa butter when being consumed, ceombining the flavoring agzent, sugar
matrix, and microspheres with milk to form a flowable reduced-fat flavored c- oating, and
drying to at least a substantially anhydrous form to perovide the coating with a- non-flowable
texture, wherein the reduced-fat coating has less tham about 10 weight percen~t fat which
exists as dispersed micro-droplets. The process can also include coating a plLarality of candy

bar centers using an enrober modified by fitting a meesh belt therewith and usiing a cooling
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tunnel supplied with dehumidified air. The flavoxing agent is preferably cocoa. Itis
preferred to mix the flavoring agent, sugar matrix, plurality of microspheres, and any other
optional components, to provide sufficient disper sion through the entire coating.

An exemplary reduced-fat chocolate analogue flavored coating of the
invention can include 2 mixture of sugar, corn syTup, cocoa solids and chocolate flavor with
the hydrocolloid component including starch, guar gum, and egg albumin. When these
ingredients are mixed witha suitable amount of wwater or whole milk, the coating can be ma~de
to resemble molten chocolate in its appearance amd flow characteristics. By including a
drying step, the coating can be used to coat confectionery products that normally would be
enrobed with chocolate. The resultant coated preoducts have a dried matrix of loose, proteirm
Tubricated crystalline sugar chains formed between glassy sugar particles and individual sugzar
crystals. Fatis finely divided as micro-droplets in the mass.

EXAMPLES
The following examples are not intended to limit the scope of the invention, but

merely to illustrate representative possibilities ¢ oncerning the present invention.

EXAMPLE 1: Lubricity According to the Invemtion

Microspheres of alginate gel were prepared by spraying an aqueous solutior 1 of
high guluronic acid sodium alginate (0.6% by vweight) into a bath of aqueous solution of
calcium chloride (5% by weight). (A SS sprayi ng system with nozzle reference number
1/4)8C was used.) The size of the beads could "be controlled by adjusting the pressure and - it
was found to be advantageous to add lecithin ((3.2% by weight) to the calcium chloride bat=h
to minimize surface tension effects during the formation of the gel microspheres. The size= of
the beads was measured using a Malvern partic le size analyzer. It was found optimal to
prepare a blend of 1 micron and 5 micron microspheres in approximately equal proportionms.

Chocolate chips were prepared Lising a reduced quantity of cocoa butter ancd
the alginate microspheres as a fat mimetic. These chocolate chips were baked into cookiezs.
The optimum appearance and sensorial appeal -was obtained by reducing the fat in the
chocolate chip to only 5% and adding 19% microspheres. The control chocolate chips haci
24% cocoa butter. In particular, the hydrocolloid component and microspheres of the

invention impart an oily characteristic, slimy clharacteristic, or both.
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The organoleptic characteristics and mouthfeel of the modified ccookies was
substantially the same as regular cookies, confirming that hydrocolloid microt>eads of the

invention are capable of giving fatty mouthfeel in chocolate-style coating prod—ucts.

EXAMPLE 2: Gloss According to the Invention

A glossy appearance is an important and desired characteristic eof conventional
chocolate, so much so that a dull appeaxance is often viewed as a quality negative. Glossy
appearance is another aspect of chocolate conferred by its fat content.

“Gloss” is a function of surface topography. The surface topogzraphy ofa
variety of materials with dull or shiny surfaces was studied using a Dimensior 3000 Scanning
Probe Microscope (SPM) in tapping m.ode. The SPM images revealed that a Bhigh gloss
surface typically has a high roughness index but at the same time has many paarabolic
depressions or concavities that act as reflectors of incident light, as shown in “Figure 1. (This
effect is termed the “sequin phenomenon™.) In contrast, for dull surfaces, SP_IM images
typically revealed a low roughness indlex but many convex protrusions that r=andomly scatter
incident light (Figures 2 and 3).

An explanation for this observation comes from the paint induzastry. Gloss
paints can have the same particle size distribution as matte finish paints. Howwever, a key
difference is the surface tension. Poly/mers are used in gloss paints to maxinmize the surface
tension and solvents are specifically chosen to control the setting rate. For tlose of ordinary
skill in the art, it is quite practical to czontrol the effect to generate almost anse/ desired degree
of shininess or dullness based on the teachings herein.

EXAMPLE 3: Mouthfeel Control According to the Invention

The appealing texture of conventional chocolate depends on #the fact that the
fat melts in the mouth. All six polymaorphs of cocoa butter (Table 1) melt beslow body
temperature (37°C). This change of state from solid to liquid is highly desir—able during
mastication. It aids in generating a controlled flavor release. It also aids in —the peneration of
mouthfeel and in liquefying the mass for easy swallowing.

Three stages of mouthafeel were identified and measured by 2 sensory panel:

1) The loss of the fee:ling of solids.

2) The onset of the feeling of velvetiness.

3) The disappearance of the sensation of the coating on the teongue.
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Samples were eval-uated for each of these three stages using a standardiized
mastication procedure of one clos-ure of the teeth per second and using a cube-shaped portion
of 5 grams weight. Standard erroxs were determined based on 30 timings per subject ~using
standard material:

Function Standard error
(seconds)
Solidit-y loss 0.9
Velvety start 2.1
Coatin g disappearance 23

Based upon such -timings a range of modifications were made to the c_hocolate-
style coating, as shown in Figure 4, to illustrate the effects of hydrocolloids on the tharee
stages of mouthfeel.

Thus mouthfeel dluring the simulated “melting” of the chocolate-style= coating
could be controlled by adjusting the way in which the ingredients changed shape dur—ing
swelling and solution, Melt-away was influenced by solution characteristics of hydr—ocolloids
rather than the actual melting of™ fat. Special hydrocolloids (including globular swellers, hot,
ke split soaked and wet milled ®ypes of gums, etc.) were evaluated to satisfy the var—ious
textural requirements. Optimization resulted in a selection from the guar, albumin, sstarch and
glucose polymer families, althotagh others may be perfectly suitable for use in the pr—esent
invention. For example, hydroc-olloid particles that swell very fast on contact with ssaliva
were used to help break up the coating. The unctuous mouthfeel of fat was mimickeed by
creating a combination of pastimaess and sliminess. Globular swollen hydrocolloid s—trctures

were used to create ball bearing effects.

EXAMPLES 4 and 5: Dark ancl Milk Chocolate Analogue Coatings of the Inventicen

A set of formulations was derived that were found to give coatings c-losely
resembling the flavor and textume of chocolate, including the crumbliness thereof. *W/ersions
for “dark chocolate” and “light chocolate” types of coatings are given in Table 2.

Table 2. Formulations for “damk chocolate” and “milk chocolate” versions of the . chocolate-
style coating.

Ingredient Parts
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“Dark chocolate” “Milk chocolate”
Sucrose 660 700
Corn syrup 180 180
Liquid whole- milk 150 150 + 8 parts TiO:
Cocoa 100 50
Starch 20 20
Flavor 8.3 1.6
Albumin 8.3 8.3
Guar 5 5
Loss of wate-x on drying (130) (130)

EXAMPLE 6: Microboial Stability
Microbwiological analysis of a few dried c=oatings of the invention gave the

following results after— 48 hours:

Analysis Result Units
Coliform petrifilm <10 g
E. coli petrifilm <10 g
Mold <10 /g
Yeast <10 /g
Salmonella Negatiive /50g
Listeria Negatrive /25g
Aerobic plate count <10 /g

These results show no evidence of micrcobiological growth. Moreover, thes
water activity (a,) of ~ the dry coating (applied to differe=nt centers) was typically from abo-ut
0.45 to 0.55 (dependiing on drying conditions) — well beelow the minimum a,, for pathogera
growth.

EXAMPLE 7; Nutr-itional Advantages Of The Coatinzg— Low Energy, Low Fat

An es.timate of the energy (Calories) sugpplied by the chocolate analogue
coating of the invent .ion, whether dark or light, is compoared with dark chocolate and millkz
chocolates in Table 3. The chocolate coating of the in—vention supplies approximately 28
percent less energy t-han milk chocolate. Also, significzantly from a nutritional point of view,
only about 4 percent= of the energy from the coating is from fat, compared with roughly S7
percent from fat witlh conventional milk chocolate.

Furth:er reduction in energy is possible by partial or complete substitution. of
low-energy sacchari_des or sugar alcohols for the sucrose used in the formulations in Tabele 2.

Some examples are shown in Table 4.
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Table 3. Energy comparison of the chocolate-style coating with conventional chocolates.

Energs/100 g Epergy from fat
Cal. kJ (%)
Chocolate Coating of Inv. 380* 1,600; 4
Dark chocolate 500" 2,100 50
Milk chocolate 5251 2,2001 57

*Based on fat 9 Cal./g; carbohydrate 4 Cal/g; protein 4 Cal./g; lietary fiber 2 Cal:/g.
Calculated from data supplied by the International Cocoa Organization on WWW.1€€0.0Ig

Table 4. Energy comparison for chocolate-style coarsings prepared with 100% substitution of

sugar alcohols for sucrose.

Cal/100 g  kJ/100g
Sucrose 380 1,600
Sorbitol 200* 1,200*
Maltitol 250¢ 1,100

*Based on 2.6 Cal./g for sorbitol
fBased on 2.1 Cal./g for maltitol

EXAMPLE 8: Low-Fat Milk Chocolate Coating of the Invention

The ingredients (in grams) are as folleOws:

Sucrose 700

Corn syrup (42 DE, 80% TSS) 180

Whole liquid milk 150 (approx.)
Cocoa 50

Corn starch 20

Flavor 17

Albumin 8.3

Guar gum 5

1. The dry ingredients are thoroughly mixed. The corn syrup, flavor and
approximately one quarter of the mil k are place in a planetary mixer and
blended. The dry ingredients are adcled step-wise, gradually blending in more
milk until the right viscosity is obtaimed.

2. Mixing was accomplished by stirring at low speed for approximately 3
minutes. Care is required to ensure complete mixing (to minimize or avoid
lumps and streaks). Excessive mixirg speed must be avoided as air
incorporation is deleterious and can -cause pre-crystallization. The low-fat
milk chocolate coating preparation reesults.

3. The low-fat milk chocolate coating poreparation is enrobed or panned onto a
confectionery product, then dried in  a stream of air, ideally of low humidity.

EXAMPLE 9: Low-Fat Dark Chocolate Coating o-f the Invention

The ingredients (in grams) are as fol lows:

Sucrose
Corm syrup (42 DE, 80% TSS)

650
180
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Whole liquid milk 150 (approx.)
Cocoa 100

Com starch 20

Flavor 17
Albumin 8.3

Guar gum 5

The dry and wet ingredients are mi xed and used as described previ_ously to
provide a “Yow-fat dark chocolate coating accordin g to the invention.

EXAMPIL _E 10: A Low-Fat Chocolate Coating oX the Invention
The following ingredients (with tht e same specifications as in the porevious

examples) are dry mixed:

Sucrose 16 kg
Cocoa 2.5kg
Starch 500 g
Albumin 200 g
Guar 125 g

The following ingredients (also w-ith the same specifications as in_ the previous
exampless) are placed in a planetary mixer:

Corn syrup 45kg

Flavor 200 g

The mix is prepared with 3.75 liters of liquid whole milk. About one quarter
of the mi 1k is mixed with the corn syrup and flavror in the planetary mixer. The edry
ingredierats and the remaining milk are added stesp-wise, ensuring complete mixi_ng. Water
was adde=d (500 ml) to obtain a viscosity judged suitable for enrobing.

The mix was transferred to a Niellsen enrober, Babyflex model ccommercially
availables from AE Nielsen/Maskinfabrick of Farnum, Denmark, and was used teo enrobe
PayDay® bars. It functioned for this purpose in. the same way as normal liquid chocolate.

EXAMP-LE 11: A Fat-Free Chocolate Coating ©fthe Invention

The following ingredients were diry mixed:

Component Approximate weiglmt percent
Confectioner's sugar, 10-X 78 to 80%

Corn Syrup 12 to 14%

Albumin, spray dried egg white B2-20 0.5t0 1%

Corn starch 1t03%

Defatted cocoa (De Zaan type S) 2 to 3%

Flavor (Dragoco 9/70H598) 0.5t0 1%
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Guar (Habib Procol G2) 0.25 t0 0.75%
Moisture 1to 3%

The mixed, dry components were fiarther prepared according to the invention.

EXAMPIE 12: Low-Fat Dark Chocolate Coating= of the Invention With Sorbitol

The components (in grams) are as Follows:

Sorbitol 650
Corn syrup (42 DE, 80% TSS) 180
Whole liquid milk 150
Cocoa 100
Com starch 20
Flavor 17
Albumin 8.3
Guar gum 5

The dry and wet ingredients are m-ixed as described previously to provide a
low-fat dark chocolate coating according to the iravention.
EXAMPLES 13 AND 14

The low fat preparations of example 4 (dark appearance) and example 5 (milk appearance)
were taken (without drying).

These preparations were placed into a dipping tark.

Regular ice cream products (bars on sticks) were frozen to a surface temperature of — 15 C by
dipping them in liquid nitrogen for 1 second. Th_ese bars were then inserted into the low fatk
preparations.

The bars remained submerged in the coating for 2 seconds and were then extracted.

The coated bars were then dipped in liquid nitroggen for 2 seconds (to prevent any undesiralole
subsequent flowing of the low fat coating during: short-term transfers between unit
operations).

The bars were then subjected to forced dry air cizrculation for 30 minutes in a blast freezer
(equipped with remote condenser) and operated aat— 32 C. This completed the hardening
procedure.

EXAMPLES 15 AND 16

The low fat preparations of example 4 (dark app earance) and example 5 (milk appearance)s
were taken (without drying).

Regular ice cream moulds were pre-cooled in a Tbrine bath to an internal surface temperatumre
of — 40C. The low fat preparations were poured. into these moulds until they were 95% ful.l
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The preparations were allowed to stand in. the moulds until a skin of frozen low fal
preparation had formed lining the inside swrface of the moulds. Skins of varying thickness
can be obtained by varying this standing time.

A vacuum line was then used to substantially suck out the remaining fluid low fat
preparation.

Regular ice cream was introduced into the mould and, at an appropriate time judgeed by
firmness of the ice cream, a stick was inserted.

The moulds were then inserted in a warm. water batch at + 27 C for approximately 15
seconds. The products (bars) were releasesd from the moulds by pulling up on the - sticks when
the surfaces of the bars (in contact with tie interior surface of the moulds) had jusst
commenced to thaw.

The bars were then subjected to forced diy air circulation for 30 minutes in a blas—t freezer
(equipped with remote condenser) and operated at — 32 C. This completed the ha-xdening
procedure.

The term "about," as used herein, should generally be understood ®o refer to
both numbers in a range of numerals. Moreover, all numerical ranges herein showmuld be
understood to include each whole integer- within the range.

The term "dry," as used hetein, means that no water is added to thee non-
aqueous hydrocolloids used in the hydrocolloid component. Thus, although wate=r may be
present elsewhere in the coatings, it is not added to the microspheres. The hydro—colloids in
the coating preferably have less than abo-ut 5 weight percent water, more preferatoly less than
about 0.5 weight percent water content.

The term “substantially arahydrous,” as used herein, typically mea=mns that less
than about 15 weight percent water, preferably less than about 3 weight percent, and more
preferably less than about 2 weight percent, water is included in the final coatingz of the
invention. This term includes completely anhydrous, which means no water exceept trace
amounts present from the atmosphere, i.e2., the components have no water added.—

The term "reduced-fat," a_s used herein, means that the coatings ar—e (8) reduced
in fat, calories, or both, compared to con ventional coatings and particularly choc olate
coatings or analogues thereof, and (b) contain no added fat,

Although preferred embo diments of the invention have been desc-ribed in the
foregoing description, it will be understood that the invention is not limited to th_e specific
embodiments disclosed herein but is capable of numerous modifications by one @of ordinary

skill in the art. ¥t will be understood that the materials used and the chemical defitails may be
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slightly different or modified fromn the descriptions herein without departing fizom the

methods and compositions disclossed and taught by the present invention.
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THE CL.AIMS
Wha-t is claimed is:
1. A reduced-fat flavored coaating comprising:

a flavoring agent in an amount su_fiicient to provide a selected flavor;

a sugar matrix of sugar crystals amd sugar glass in an amount effectilive to
prowide the coating with sufficient structural intesgrity to prevent flowability at terayperatures
less than about 40°C; and

a plurality of microspheres comp-Tising a dry hydrocolloid component that are
dispeersed through the flavoring agent and sugar matrix to provide a slippery moutlfeel that
mimics fat and begins to disperse when in conta-ct with saliva so as to mimic the pmelting of
cocea butter during consumption of chocolate,

wherein the flavored coating is a-t least substantially anhydrous and has less
thar about 10 weight percent fat, and wherein tlne fat present exists as dispersed micro-

drogplets within the coating.

2. The flavored coating of claim 1, wherein the hydrocolloid ccomponent
comnprises at least one of an isolated proteinacesous material, a galactomannan, or a granular

star~ch, or any combination thereof.

3. The flavored coating of <laim 1, wherein the hydrocolloid ecomponent
cormprises egg albumin, whey protein isolate, seoy protein isolate, casein, sodium ecaseinate,
guaar gum, locust bean gum, fenugreek gum, tar-a gum, gum acacia, corn starch, peotato starch,
wheeat starch, tapioca starch, or a combination thereof.

4. The flavored coating of «claim 3, wherein the hydrocolloid component
cormprises guar gum, egg albumin, and at least one starch.

s. The flavored coating of ~claim 1, wherein the hydrocolloid component

cormprises one or more non-crosslinkable hydreocolloids.

6. The flavored coating of claim 1, wherein the hydrocolloid component
willl become dissolved at about 36°C to 38°C ir saliva.
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7. The flavored coating of cl-aim 1, wherein the microspheres swell in
contact with a consumer's mouth and release a pwortion of the bydrocolloid component to

permit disintegration thereof.

8. The flavored coating of cBaim 1, wherein the coating is glossy and the
dispersed hydrocolloid component washes aways from the mouth in about 80 to 120 percent o-f

the time that it takes for chocolate to wash away from the mouth.

9. The flavored coating of c=laim 1, wherein the sugar matrix comprises
sucrose, glucose, fructose, sorbitol, mannitol, maltitol, xylitol, erythritol, lactitol,

polydex trose, maltodexirin, or a combination thmereof.

10.  The flavored coating of claim 1, wherein the sugar matrix comprises

corn syrup and powdered sucrose.

11, The flavored coating of eclaim 1, further comprising a milk componen—t

having 1ess than about 3 weight percent water content.

12.  The flavored coating of claim 1, wherein the flavoring agent comprisees
cocoa.

13. The flavored coating of claim 12, wherein a portion of the cocoa is
alkalized cocoa.

14. The flavored coating of~ claim 1, wherein the water activity is about
0.45to0 0.55.

15.  The flavored coating of ™ claim 1, wherein the coating is anhydrous.

16.  The flavored coating of claim 1, wherein the coating has a shelf-life of
at least about 3 years without refrigeration.

17.  The flavored coating of claim 1, wherein the coating will not leave as

visibly detectable amount of coating on a hurrman hand in an ambient environment.

-2



10

15

20

WO 2005/053418 PCT/EP2004/0135«67

18.  The flavored coating of clairm 1, wherein the coating is substantiall sy

free of a grit-increasing agent.

19. A method of enrobing a con_fectionery product which comprises
disposirg the reduced-fat flavored coating of claimm 1 over a portion of a confectionery
product: and drying the flavored coating to at least a substantially anhydrous state.

20. A method of making a redumced-fat flavored coating which comprisses:

combining a sufficient amount of Flavoring agent to provide a selected fla—vor,
a sugar matrix formed from a plurality of sugar cr—ystals and sugar glass, and a plurality of
micros-pheres comprising a dry hydrocolloid comgponent to provide a slippery mouthfeel that
mimicss fat and begins to disperse when in contac™t with saliva so as to mimic the meltings of
cocoa Tbutter when being consumed;

combining the flavoring agent, sugar matrix, and microspheres with milk= to
form am flowable reduced-fat flavored coating; ancd

drying to at least a substantially amnhydrous form to provide the coating with a
non-fl owable texture,

wherein the reduced-fat flavored ecoating has less than about 10 weight pwercent
fat which exists as dispersed micro-droplets.
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