OPTIMIZED FLAVORED POLYMERIC COMPOSITIONS

FIELD OF THE INVENTION

[0001] The present invention relates to optimization of flavered polymeric
compositions and methods of producing optimized flavored polymeric
compositions. More specifically, the invention refates to flavored polymeric
compositions comprising “flavor enhancing agents” alone or in combination with
flavorants, wherein articies made from such polymeric composifions are not
intended to be consumed, significantly destructed, masticated or fully or partially

dissolved {o release flavor.

BACKGROUND OF THE INVENTION

[0002] 1t is well known that flavor enhancing agents and/or flavorants are used in
a wide variety of applications, such as oral rinses, toothpastas, chewing gums,
dissolvable strips, tablets, beverages, confections and a variety of focdsiuffs.
Alone or in a variety of combinations, these flavor enhancing agents and/or

flavoranis render fo the user a specific, targeted flavor sensation.

{00031 By flavorants, we refer to natural or artificial flavored substances, exiracts,
or essential olts. It shouid also be understood that in discussing flavorant or
flavorants, we are referring to the use of a single flavorant or any possible

combination of flavorants to achieve the desired flavor.



[0004] in reference to “flavor enhancing agents”, we refer to natural or synthetic
substances which provide sweet, sour, bitter, salty, acidic, umami, falty acid or

cooling taste sensation or any combinations thereof.

[0005] in these standard applications, the flavorants, combined with other
necessary ingredients are fypically distributed into the appropriate carrier for the
application. Oral rinses and {oothpastes would include flavorants and/or flavor
enhanaing agents in a liquid or paste medium. In these applications, the user
experiences a rapid and appropriately intense flavor sensation due to infimate

contact of the flavored ingredients in the oral cavity.

[000A] Dissolvable films and tablets also provide for intimate centact of the
flavored ingredients into the oral cavity upon dissolution of the host matrix. For
example, WO 02/45571 teaches a fast dissolving tablet comprising a low melling
poirt compound carrier that melts or softens at or below 37C, a water soluble
excipient, and a pharmaceutically active ingredient. Optionally, the tablet can
contain flavors and flavor enhiancers o deliver flavor while the tablet is dissolved.
Similarly, US patent 8,418,503 teaches an orally consumable film composition
which is rapidly dissolvabie in the oral cavity, the composition being comprised of
a water soluble celiulosic carrier, a water dispersible pregelatized starch, and a

flavaring agent, including sweeteners.

[0007] in the aforementioned examples, the flavorants and/or flavor enhancing

agents are distributed into the appropriate carmier, such as water soluble or



dissolvable carriers. The dissolution of the carrier provides effective release of

the flavor ingredients into the oral cavity to achieve the targeted flavor sensation.

[0068] it is widely known that chewing and/or bubble gums also include Rlavorants
and/or flavor enhancing agents. The gum base is a masticatory material, often
water insoluble, usad (o carry flavors and flavor enhancing agents in gums.

Gums also consist of a water soluble bulk portion. By reference, US Patent
5,100,678 explains that “the water-soluble portion dissipates with a portion of the
flavoring agent over a period of time during chewing. The gum base portion is
retained in the mouth throughout the chew.” The gum base is often comprised of
natural or synthetic elastomeric materials such as chicle, natural rubber, polyviny!
acetate, styrene-butadiene copolymers, #a%yisobutykene, and the like, By
reference, the US FDA fists approved masticatory substances for use in chewing

gum under 21 CER 172.615. .

{0009} In the examples above, a commonality can be found in that these carriers
provide flavor upon the consumption, mastication, dissolution, partial or full
destruction of the article. Yet, there exist application needs for flavored polymeric

articles which are not inlended o be subjected to such end roufes.

0010} Articles produced from polymeric materials exist i a wide variety of
applications. Many applications involve the polymeric arficle to be used orin
contact with the oral cavity, but which are not intended to be masticated or
dissolved. Examples of such applications include fongue depressors, mouth

swabs, dental appliances, dental molds, retainers, mouthguards, protective



dental films, toothbrushes, toothbristies, dental exam gloves, pacifiers, teething
toys and rings, straws, botties, bottle caps and spouts, drink lids, utensils, adult
novelty and the like. in the best case, polymeric articles used in such
applications can be considerad to have a neutral flavor, but more often, they are
described as having a “plastic” taste which causes an unpleasant experience t¢

the user.

[0011] As mentioned, in these other applications it is desirable {o have flavored
polymeric articles which can provide flavor without requiring consumption,
dissolution, mastication, or destruction of the article. For these applications,
flavoring an article has been achieved by either direct incorporation of the
flavorant into a polymeric carrier or by applying a flavored coating to the final
formed polymeric article. In the case of coated polymeric articles, the user can
experience the targeted flavor sensation because the flavorant exists on the
surface of the article, often in a wax carrier, to provide more intimate and

immediate release to the oral cavity.

[0012] EP O 919 208 teaches a highly flavored dental addicle for cleaning the
interproximat surfaces of the teeth such as dental floss comprising one filament
having a fiavored water-insoluble coating. The waler-insoluble coating
composition is comprised of a water-insoluble wax, flaver, and flavor enhancer.
WGQG 02/4448 discloses a bicomponent moncfilament tape wherein the tape is
made from the fusion of the sheaths of at least about 60 bicomponent core-

sheath fibers and capabile of carrying more flavor than comparable fiosses. The



flavored composition is wax-based and applied as a coating and is not integrally

mixed info a polymeric base.

[0013] Drawbacks exdst to this approach of applying flavored coatlings on
polymeric articles.  One probiem is that the while the coating can provide the
appropriate intensity and flaver, this effect is short lived because the flavorant
and even the coating itseif can be depleted from the surface and cannot be
replenished. In addition, this approach causes added cost due to the secondary

coating process, as well as requiring capital investment in coating machinery.

[0014] There are aiso problems in the case of direct incorporation of the flavorant
into a polymenic carrier. A significant problem is that the intensity of flavor is
weak because of the lack of sufficient flavor on the surface. Even though the
flavorant may be able to migrate to the surface, especially when used in an
appropriate polymearic matrix that facilitates the flavorant migration, the final effect
is still greatly diminished resulting in an inferior flavor sensation. This result even
extends to those articles which can be moderately compressed, e.g. by human
chewing or grinding, and which still does not release adequate flavor sensation to

the mouth.

[8015] In the case of articles which are not intended o be masticated, or even
only mildiy to moderately compressed, the use of flavored extracts alone through

direct incorporation into the polymeric carrier exhibits infenor performance.



[0018] Direct incarporation of flavorants into a polymeric carrier for articles not
intended to be masticated or dissolved is widely known. US Pat. No. 4,871,078
describes a filter for a smoking article which includes a hoftow fiber made of a
thermoplastic, whare a flavorant is dispersed in the thermoplastic. Such
fiavorants blended with thermoplastics are commercially available from such
companies as International Flavors and Fragrances, inc. WO/2008/000800
describes an oral hygiene implement made of a thermoplastic elastomer. a
plasticizing ofl, and & lipophilic flavoring substance. US Pat. No. 6,505,861 to
McGovern teaches an intraoral radiographic film packet which has a
thermoplastic comfort enhancing perimeter frame permanently integrated
therewith during manufacture, the thermoplastic from which the comfort
enhancing perimeter frame (s molded having flavor/scent chemistry compounded
therein prior to molding. The addifives to give flavor/scent to the thermoplastic
material are blended and melted in an exiruder to achieve flavar/scent integral to
the thermoplastic frame, US Pat. Application 2007/0235038 by Gottsch
describes a mouthguard formed of a resilient material and a fiavor agent

incorporated into the resilient material prior to formation of the mouthguard.

[0617] The aforementioned art relates to dispersing or embedding, t.e. direct
incorporation, of flavorants into polymers which are not intended to be dissolved
or masticated during use. However, there are problems with this approach. The
use of flavorants alone provides predominantly a strong scent, but only affords
weak taste in these instances resulting in an inferior flavor response. itis
believed that such polymeric arficles significantly limit the accessability of the

taste of the flavorant to the oral cavity, unlike masticatory or partially or fully



dissalvable matricies, thereby causing an inferior perceived flavor. This result
even extends 1o those polymeric articles which can be moderately compressed,
2.9. by human biting, and which still does not afford adequate perception of the

taste component of a flavor.

{0018] Physiologically, the sensory perception of flavor results from a combination
of taste and smeli, Taste is one of the traditional senses with receptors located in
the taste buds found on the tongue. The four basic tasies are sweet, bitter, sour,
and salty. Umami and fatty acid tastes have aiso been suggested as other taste

categories.

{0018] Flavorants may provide both taste and aromatic components in articles
which can be consumed, masticated, or sighificantly destrucied. For flavorants in
polymeric carriars which are not expected or intended to be manipulated in this
way to retease the flavor, the flavorant provides predominantly an aromatic
componentt, but very little taste sensation so that the ultimate flavor perception is
significantly diminished. While not wishing to be bound o a particutar theory, it is
belfieved that these types of polymers and applications do not permit enough
taste sensation due to insufficient access of flavor to the oral cavity and/or the
inability of the article to be manipulated {compressed) enough through the action

of the user, thereby severely retarding the sensation or release of the flavor.

SUMMARY OF THE INVENTION
[0020] What we therefore believe (o comprise our invention may be summarized

inter alia in the following words:



{0021} A process for producing a flavored (thermopiastic polymeric composition,
comprising optionally selecting one or more heat stable flavorant, selecting one
or more heat stable flavor enhancing agent, selecting one or more polymers for a
capacity for providing for flavarant and flavor enhancing agent migration in a
finished product, as measured by a running water test, as well as thermal stability
of the optionat flavorant and flavor enhancing agent, blending the selected
optional one or more flavorant(s) and one or more flavor enhancing agent(s) and
one or more polymers selected from thermoplastics, thermosets, and silicone
polymers, and additives selected from antioxidants, antistatics, antifogs,
antimicrobials, slips, antiblocks, minerals, fillers, optical brighteners, foaming
agents, nucleating agents, impact modifiers, dispersing aids, release agents,

waxes, colorants, pigments, UV stabilizers;

{0022] such a process, wherein the flavored polymeric composition is in the form

of 2 masterbatch;

[0023] such a process, wherein the polymer is selected from polyolefins,

thermoplastic polymers, thermaoset polymers, and silicone polymers;

[0024] such a process, wherein the polyolefin is selected form polyethyiene ard

polypropylene, and copolymers or ferpolymers thereof;

[0025] such a process, wherein the flavorant is salected from natural and artificial

fruit and mint flavors;



[00286] such a process, wherein the flavor enhancing agent and flavorant are

suitable for human consumption;

{06027] such a process, wherein the flavor enhancing agent s selected for its
abifity to provide sweetness, sourness, bitterness, saftiness, coolness, umami,

fatty acid, or acidity;

{0028} such a process, wherein the flavor enhancing agent providing for acidity is

selected from citric acid, ascorbic acid, malic acid and fumaric acid;

{0029]) such a process, wherein the flavored thermoplastic polymeric composition
is compounded such that flavor and flavor enhancing agent migrate and release
or are experienced/perceived without consurming, dissolving, mastication or

dastruction of an article made from the composition;

[0030] such a process, wherein the polymer is selected for its ability o provide
flavorant and flavor enhancing agent migration such that 0-80 percent of the
flavorant and flavor enhancing agent are retained at one hour in a use
environment, 80-40 percent of the flavorant and flavor enhancing agent are
retained at fen hours in a use environment and 40-20 percent of the flavorant and

flavor enhancing agent are retained at one hundred hours in & use environment;

[0031] such a process, wherein perceived flavor is measured in a running water

test;



[0032] such a process, wherein the flavored thermoplastic polymeric compaosition

is substantially free of a plastic flavor;

[0033] as well as a polymeric article molded or extruded from a flavored
thermoptastic polymeric composition which is compounded by a process for
producing a flavored (thermoplastic) polymeric composition, comprising optionally
selecting one or more heat stable flavorant, selecting one or more heat stable
flavor enhancing agent, selecting one or more polymers for a capacity for
providing for flavorant and flavor enhancing agent migration in a finished product,
as measured by a running wafer fest, as well as thermaf stability of the optionat
flavorant and flavor enhancing agent, blending the selected optional one or more
flavorant{s) and one or more flavor enhancing agent(s) and cne or more
polymers selected from thermaoplastics, thermosets, and silicone polymers, and
additives selected from antioxidanis, antistatics, antifogs, antimicrobials, slips,
antiblocks, minerals, fillers, optical brighteners, fcaming agents, nucleating
agents, impact modifiers, dispersing aids, release agents, waxes, colorants,

pigmants, UV stabilizers;

{0034] such a polymeric article, which exhibits an optimized flavor sensation upon

placemant in a use environment;

{0035] such a polymeric article, which exhibits an optimized fiavor sensation upon
placement in & use environment and without consuming, dissolving, mastication

or destruction of such article;



{0036) such a polymeric article, which exhibits enhanced RBavorant and flavor
ephancing agent migration such that 0-80 percent of the flavorant and flavor
enhancing agent are retained at one hour in a use erwircnment, 8040 percent of
the flavorant and flavor enhancing agent are retained at ten hours in a use
enviranment and 40-20 percent of the flavorant and flavor enhancing agent are

refained at one hundred hours in a use environment;

{0037} such a flavored (thermoplastic) polymeric composition which compounded

by the process; and

[0038] favored polymeric compaositions, comprising one or more heat stable flavor
enhancing agent which provides the taste component of flavor, optionally one or
more heat stable flavarant, one or more polymer(s) characterized by a capacity
for providing for flavor enhancing agent and optlional flavorant migrationin a
finished product, as well as being characterized by thermal stability of the flavor
gnhancing agent and optionat flavorant, wherein the one or more polymer(s) are
selected from thermoplastics, thermosets, and silicone polymers, and wherein the
compaosition oplionally comprises additives selected from antioxidants, antistatics,
antifogs, antimicrobials, slips, antibiocks, minerals, fillers, optical brighteners,
foaming agents, nucieating agents, impact madifiers, dispersing aids, release
agents, waxes, colorants, pigments, UV stabilizars, wherein articles made from
such polymetic compositions are not intended to be consumed, significantly

destructed, masticated or fully or partially dissclved to release flavor;
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[0039] such flavored polymeric compositions, which are in the form of a

masterbateh, a dry-powder or liguid concentrate;

[0040] such flavored polymeric compositions, wharein the polymer is selected
from polyolefing, thermoplastic polymers, thermoset polymers, and silicone

potymers;

[004 1] such fiavored polymeric compositions, wherein the polyolefin is selected

form polyethylene and polypropylene, copolymers or terpolymers thereof;

[0042] such flavored polymeric compositions, wherein the flavorant is selected

from natural and artificial fruit, mint, and chocolate flavors,

[0043] such flavored polymeric compaositions, wherein the flavorant is suitable for

human consumption;

0044} such flavored polymeric compositions, wherein the flavor enhancing agent

provides the taste component of flavor,
[0045] such flavored polymeric compositions, wherein the flavor enhancing agent
is selected for its ability to provide sweetness, sourness, bitterness, saltiness,

cooiness, umami, fatty acid, or acidily;

[0048] such flavored polymeric compositions, wherein the sweetness flavor

enhancing agent is seiected from sucrose, fructose, glucose, sorbitol, malitol,

12



xylito!, aspartame, saccharin, sucralose, acesuffame K, mannitol, erythritol,
isomalt, factitol, maltitol, cyclamates, stevia extracts, agave nectar and the like

and any combination thereof,

[0047] such flavored polymeric compositions, wherein the cooling flavor
enhancing agent is selected from menthol derivatives, menthy! lactate, N,2,3.-

trimethyl-2-isopropyibutanamide and the like;

10048] such flavored polymeric compositions, wherein the flavor enhancing agent
providing for acidity is selected from citric acid, ascorbic acid, malic acid and

fumaric acid;

[0049] such flavored polymeric compesitions, wherein the compasitions are

” compounded such that flavor and flavot enhancing agent migrate and release
without consuming, dissolving, mastication or destruction of an article made from
the compuosition;

{0050] such flavored polymeric compositions, wherein the polymer is selected for
its abifity to provide flavorant and flavor enhancing agent migration such that 0-80
percent of the optional flavorant and flavor enhancing agent are retained at one
hour in a use environment, 80-40 percent of the flavorant and flavor enhancing
agent are retained at ten hours in 2 use environment and 40-20 percent of the
flavorant and flavor enhancing agent are retained at one hundred hours in a use

environment;
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{0051} such flavored polymeric compositions, which are substantially free of 2

plastic flavor; and

[0052) polymeric articles molged. or exiruded from such flavored thermoplastic

polymeric compaositions;

[0053] such polymeric articles, which exhibif an opfimized flavor sensation upon

placement in & use environment,

[0054] such polymeric articles, which exhibit an optimized flavor sensation upon
placement in a use environment and withou! consuming, dissolving, mastication
ar destruction of such article;

{0055] such polymeric articles, which exhibit enbanced flavorant and flavor
enhancing agent migration such that 0-80 percent of the flavorant and flavor
enhancing agent are retained at one hour in & use environment, 80-40 percent of
the flavorant and flaver enhancing agent are retained at ten hours in 2 use
environmend and 40-20 percent of the flavorant and flavor enhiancing agent are

retained at one hundred hours in a use environment,
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[0055a] In one aspect, there is provided a polymeric article molded or

extruded from a flavored thermoplastic composition comprising:

{a) 0.1to 50 wt% of one or more flavor enhancing agent with respect to the total
weight of the composition, wherein the flavor enhancing agent is heat stable and
provides a taste component of flavor, and is selected from the group consisting of
sucralose, stevia extracts, acesulfame K and maltodextrin;

(b) 0.01to 10 wt% of one or more flavorant with respect to the total weight of the
composition, wherein the flavorant is heat stable and provides an aroma component
of ﬁavor;

{c) one or more thermoplastic polymers selected from the group consisting of
polyethylene, polypropylene, and copolymers and terpolymers thereof, wherein:

{iy the thermoplastic polymer allows migration of the flavor enhancing agent
and flavorant without consumption, destruction, mastication, or fully or partially
dissolving the polymeric article; and

(iiy the flavor enhancing agent and the flavorant are selected to be thermally
stable when blended in the thermoplastic polymer at a processing temperature of 100
to 180 °C; and
{(d} optionally one or more additives selected from the group consisting of
antioxidants, antistatics, antifogs, antimicrobials, slips, antiblocks, minerals, filiers,
optical brighteners, foaming agents, nucleating agents, impact modifiers, dispersing
aids, release agents, waxes, colorants, pigments, and UV stabilizers;
wherein:

{iy  the flavor enhancing agent and the flavorant are blended throughout the
thermoplastic polymer;

{ity  the taste component of flavor and the aroma component of flavor are
released from the polymeric article without the article being consumed, destrucied,
masticated or fully or partizally dissolved; ’

{iif) 100 to 80 % of fiavor intensity of the flavorant and flavor enhancing agent
perceived when the polymeric article is placed in a use environment are retained at

one hour, 80 to 40 % of the flavor intensity of the flavorant and flavor enhancing

14a



agent perceived in a use environment are retained at ten hours, and 40 to 20 % of the
flavor intensity of the flavorant and flavor enhancing agent perceived in a use
environment are retained at one hundred hours;

(iv) the article is substantially free of plastic flavor; and

{v} the article is selected from the group consisting of dental appliance, dental

mold, ratainer and mouthguard.

{0055b] In one aspect, there is provided a process for producing a polymeric

article comprising:

{a) selecting one or more flavorant, wherein the flavorant is heat stable and
provides an.aroma component of flavor;

(b) selecting one or more flavor enhancing agent, wherein the flavor enhancing
agent is heat stable, provides a taste component of flavour, and is selected from the
group consisting of sucralose, stevia extracts, acesulfame K and maltodextrin;

{c) selecting one or more thermoplastic polymers from the group consisting of
polyethylene, polypropylene, and copolymers and terpolymers thereof; wherein:

{iy the thermopiastic polymer allows migration of the flavor enhancing agent
and flavorant without consumption, destruction, mastication or fully or partially
dissolving the polymeric article; and

{ity  the flavor enhancing agent and the flavorant are selected to be thermally
stable when blended in the thermoplastic polymer at a processing temperature of 100
to 180 °C;

{d} bilending 0.01 to 10 wt% of the selected aone or more flavorant(s) and 0.1 to 50
wt% of the selected one or more flavor enhancing agent(s) with respect o the total
weiéht of the composition and the selected one or more thermoplastic polymers, and
optionally one or more additives sefected from the group consisting of antioxidants,

antistatics, antifogs, antimicrobials, slips, antiblocks, minerals, fillers, optical
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brighteners, foaming agents, nucleating agents, impact modifiers, dispersing aids,
release agents, waxes, colorants, pigments and UV stabilizers, to obtain a flavored
thermoplastic composition; and

{e) molding or extruding the flavored thermoplastic composition to obtain the
polymeric arficle;

wherein:

(i}  the flavor enhancing agent and the flavorant are blended throughout the
thermonplastic polymer;

{ii}  the taste component of flavor and the aroma corﬁponent of flavor are
released from the polymeric article without the article being consumed, destructed,
masticated or fully or partially dissolved; |

{iii) 100 to 80 % of flavor intensity of the flavorant and flavor enhancing agent
perceived when the polymeric article is placed in a use environment are retained at
one hour, 80 to 40 % of the flavor intensity of the flavorant and flavor enhancing
agent perceived in a use environment are retained at ten hours, and 40 to 20 % of the
flavor intensity of the flavorant and flavor enhancing agent perceived in a use
environment are retained at one hundred hours;

fiv) the article is substantially free of plastic flavor; and

fv)  the article is selected from the group consisting of dental appliance, dental

mold, retainer and mouthguard.

[0055¢]  In one aspect, there is provided a flavored article produced by the

process as defined herein.
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DETAILED DESCRIPTION OF THE INVENTION

f0056] it has been discovered that a polymeric article which is not intended to be
consumed, significantly destructed, masticated or fully or partially dissolved to

sy

release fiavor can be rendered to provide an oplimized fiavor by using “flavor
. enhancing agents” alone or, preferabiy. in combination with figvorants. This

composition optimizes the flavor of a polymeric article by providing both the
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aromatic component of flavor (smell), from the use of flavorant, and the taste
companent of flavor, predominantly through the flavor enhancing agent. This
invention also provides a long fasting effect in the article since any surface
depietion of the flavorant or flavor enhancing agent is engineered to be

replenished from the bulk of the polymer matrix.

[0057] The flavor enhancing agents and, optionally, the fiavorants may be
incorperated into the polymeric carrier by any appropriate method. An articie
comprising this composition may be achieved through blending flavor enhancing
agents, and oplionally flavorants, into polymer carriers and then subsequently
molding or forming the compasition into the finished article. This mixing process
may be achieved by melt processing {compounding) the composition, dry-mixing
into a polymer powder or mixing into a liquid polymer. The mixing process may
occur at any stage of article formation. The compasition may be supplied as
sither a masterbateh (concentrate) or fully formulated compound which may, in
turn, be utilized by arficle manufacturers. H may also be incorporated at the

finishing extruder stage of a polymer reactor.

[0058] A number of different article manufacturing processes may then utilize the
optimized flavor composition, such as exirusion (film or sheet), or molding
processes. The final article may be constructed as a monolayer article or may be
a coextruded/muitifayered ariicle or be an overmolded composition. By such a
muiti-layer design, the optimized flavor composition may be incorporated into the
layer which will be in contact with the oral cavity and may thereby provide further

cost reduction.
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[0059] Selection of the polymeric carrier is based on the desired physical
properties of the final application. Common polymeric materials could be any
number of thermaptastics, such as but not limited to: polyethylene, polypropylene,
any copolymers or terpolymers thereof, elastomers, thermoplastic elastomers,
plastomers, ionomers, polybutadieng, polybutyiene, polyviny! chioride, polylactic
acid, fivorinated polymers, polystyrenes, polyesters, and polyamides. Other
polymeric materials could be used such as silicones (polymerized siloxanes),
silicone rubber, rubber, latex, as well as any other thermosets or any
combinations thereof. Preferably, polymers which are more amorphous enhance
the migration of flavorants or flaver enhancing agents through the matrix thereby
improving the sensation of the final flavor. Additionally, the polymer melting or
softening point must also be considered since it relates o the temperatures which
may be used in processing, or formation of the finished article, The processing
temperatures preferably do not surpass the optimized thermal stability of the
flavar enhancing agent or flavorants. This aspect is more important when directly
incorporating the components inio the polymet. Once incorporated into the
polymer, through a finishing extruder, concentrate, or compound, the flavorants
and flavor enhancing agents are someawhat protected by the polymeric matrix and
s0 during subsequent processes, like molding or extrusion, may be processed at

higher temperatures,

[0080] Selection of the flavorant most obviously takes into consideration the

desired flavor and aroma characteristics. In addition, one must select flavorants

which possess adequate thermal stabiiity so that they will withstand the melt
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processing temperatures of the selected polymer without diminishing the strength
or compromising the flavor. These melt processing temperatures can often range
between 75C to 300C. The flavorant thermal stability is dependent on the
compound(s) inherent to or utitized in the production of the flavorant. In addition,
some flavorants are contained in water or oil soluble carriers. in this case, oll
soiuble carrier systems generally provide better thermal stability versus water
soluble carrier systems which are based on water, ethanol, glycol, etc.
Additionally oil soiuble carriers, where present, are better suited or more
compatible for the majority of polymers. Based on these criteria, thermally stable
flavorants can be designed by the flavorant manufacturer using the appropriate
essential olis, natural or artificial substances, or exirasts, and, where needed, in
an appropriate carrier to aliow for incorporation into a melt processable polymer.

The flavorant selected must also be one that is safe for human consumption.

[0061] Examples of fruit flavorant include flavorant imparting flavor, such as
raspberry, strawberry, apple, melon, peach, etc., as well as many other fruit
flavorants known in the art. Examples of mint flavorant may be selected from
peppermint, cinnamon, or spearmint, as well as other mint flavorants known in
the art. Examples of citrus flaverant may be selected from arange, lime or lemon,
as well as other citrus flavorants known in the art. Other flavorants such as
chocolate, vanilia, etc., may be selected. The flavorant may be selected based
on the desired aroma and flavor contribution, thermal stability as described
previously, and its compatibility with the polymeric carrier. The flavorant may be
added at parts by weight levels from 0.01 to 20%, optionatlly 1 fo 10%, depending

on the intensity of the aroma provided by the flavorant, the selected polymer, as
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refates to its crystallinity and corresponding effect on the regulation of the

flavorant migration, as well as the thickness of the final article.

{0062} As with flavorants, the selection of flavor enhancing agents also takes info
consideration the desired taste as related {0 the target flavor. Agents which may
provide sweetness, sourness, bitterness, saltiness, coolness, unami, fatty acid or
acidity may be used and depend on the final flavor target. For éxampie, to
optimize fruity or mint flavors, a fruit or mint flavorant in combination with a
sweetener may be employed fo provide the optimized flavor. Sweeteners can be
natural or artificial of bulk or intense type, such as but not limited to, sucrose,
fructose, glucose, sorbitol, malitol, xylito!, aspartame, saccharin, sucralose,
acesulfame K, mannitol, erythritol, isomalt, lactitol, maltitol, cyclamates, stevia
extracts, agave nectar and the like and any combination thereof.  Flavor
enhancing agents may be added at levels of 0.1 to 50%, optionaliy at fevels

between 5 to 20%, by weight.

[00B3] Flavor enhancing agents aiso need to be selected based on their thermal
stability to tolerate processing femperatures, otherwise a diminished or sitered
{aste could be experienced. The melt processing temperatures can often range
between 75C to 300C. By way of example, some sweeteners have poor thermal
stability and during elevated temperature processing can be carmelized or burnt,
Agditional co-components or synergists which may protect the flavor enhancing
agent during elevated temperature processing can be used 1o avoid change or
alteration of the taste. For example, some sweeteners are cambinad with

maltodextrin, polysaccharides, glycols, giveerides, or esters, or may be
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encapsuiated so as to offer higher thermal stability than the neat sweetener
alone. The flavor enhancing agents additionally need fo be selected based on
their safety for human consumption. Acidic components (acidulanis) alone or in
combination with flavorant andfor other flavor enhancing agents can optimize the
finat articte flavor. Any acidic component may be considered, such as but not
limited to citric acid, ascorbic acid, malic acid, fumaric acid, and any other organic
acids or alcohols. Acidic components (acidulants) may be added at levels of 0.01
to 10%, by weight. Cooling agents (those that provide cooling sensation) may
also be used alone or in combination with flavorant and/or other flavor enhancing
agents to optimize flavor of the final article. Any cooling agent can be
considered, such as but not limited to menthol derivatives, menthyl iactate,

N,2,3 -trimethyt-2-isapropylbutanamide and the like. Cooling agents may be
added at levels of 0.05 to 20% by weight. The flavor enhancing agents

additionally need o be selected based on their safety for human consumption.

[0064] The optimized flavored composition may also comprise any necessary
additives which improve processability, thermal stability, or provide performance
or aesthetic atiributes to the finished article as long as these additives possess
the appropriate safety statits. This may include, but is not fimited to, additives,
such as antioxidants, aniistatics, antifogs, antimicrobials, slips, antiblocks,
minerals, fillers, optical brighteners, UV siabilizers, foaming agents, nucleating
agents, impact modifiers, dispersing aids, refease agents, waxes, colorants or

pigments.
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{0065} Flavor enhancing agents, flavorants, as well as additives may be
compotnded with many different polymers, but exhibiling the desired utifity of an
organofeptic percepfion of flavor is critical. Sub-optimal combinations are
characterized by short lived organoleptic sensation, i.e., when the flavorant at the
surface of the article has been expended, the organoleptic perception of flavor is
lost, even though flavorant remains entrapped int the polymer of the article.
Consequently, it is eséentiat to optimize the composition to provide the desired
migratory capacity of the flavor enhancing agent/flavorant/polyrmer combinations.
Optimal compositions, when placed in a use environment, for example in a
stream of flowing water, may be expected to retain approximately 82% of the
perceived flavor at 1 hour, 43% at 10 hours and 38% at 100 hours. After two
hours of recovery fime, the flavor perception may be expected to recover to 88%
of the original perceived flavor intensity in a 100 hours water-exposed specimen.
it is also essential to optimize the composition {o provide the desired taste

componert through the use of the flavor enhancing agent.

EXPERIMENTAL PART

{0066] The optimized flavored polymeric compositions and their preparation of the
present invention will be better understood in conmection with the following
examples, which are intended as an ilfusiration of and not a limitation upon the

scope of the invention.

EXAMPLE 1 - Feuit Flavored Polymeric Article
{00871 A fruit flavorant, such as raspberry, strawberry, apple, melon, peach, efc.

may be used at an appropriate level in a final article to achieve the right intensity
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of aroma. The flavorant may be selected based on the desired aroma and flavor
contribution, thermal stability as described previousty, and its compatibifity with
the polymeric carrier. The flavorant may be added at levels from 0.01 1o 20%,
optionally 1 to 10%, depending on the intensity of the aroma provided by the
flavorant, the selected polymer, as relates to its crystallinity and corresponding
effect on the reguiation of the flavarant migration, as well as the thickness of the
final article. This composition also comprises a flavor enhancing agent, such as
a sweetener. The sweetener, such as a sucralose/maltodextrin high intensity
sweetener, has improved thermal stability over neat sucralose, may be used at
levels of 0.1 to 50%, optionally at levels between 5 to 20%, to provide the
appropriate lave! of taste to the article. Loading level of the sweetener is
dependent on the intensity of the sweetener, the polymer, and the thickness of
the final article, The use of the flavor enhancing agent alone may be sufficient for

some applications where aroma is not required.

[0068]) A composition of ethylene methylacrylate (EMA), a sucralose/maltodextrin
high intensity sweetener, KE-18822 Raspberry flavor, and vitamin E (antioxidant}
is dosed into a twin screw exiruder. The processing femperatures are setat 100
to 120C. The resulting peliets are then formed inte specimens through an

injection molding machine at 160 to 180C.

EXANMPLE 2 ~ Mint Flavored Polymeric Article
{0068] A mint flavorant, such as peppermint or spearmint, may be used at an
appropriate level in a finat article to achisve the right intensity of aroma. The

flavarant may be selected based on the desired aroma and flavor contribution,
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therma! stability as described previously, and its compatibility with the polymeric
cartier. The flavorant may be added at levels from 0.01 to 20%,.optionaily 1 to
10%, depending on the intensity of the aroma provided by the flavorant, the
selected polymer as relates to its crystallinity and corresponding effect on the
regulation of the flavorant migration, as well as the thickness of the final article.
This composition also comprises a flavor enhancing agent, such as & sweetener,
The sweetener, such as a sucralose/maltodextrin high intensity sweetener, may
be used at levels of 0.1 to 50%, optionally at levels between 5 to 20%, to provide
the appropriate level of taste to the article. Loading level of the sweetener is
dependent on the intensity of the sweetener, the polymer, and the thickness of
the final article. The use of the flavor enhancing agent alone may be sufficient for

same applications where aroma is not required.

[0070] A composition of Low Density Polyethylene (LDPE), &
sucralose/maitodextrin high intensity sweetener and KE-21570 Mint flavor is
gosed into a twin screw extruder. The processing temperatures are set at 100 {o
120C. The resufiing pettets are then formed into specimens through an injection

molding machine at 180 to 180C.

EXAMELE 3 - Citrus Flavored Polymaeric Article
[0071] A citrus flavorant, such as orange or lemon, may be used at an
appropriate level in a final article to achieve the right infensity of aroma. This
may be at levets from 0.01 to 20% depending on the infensity of the aroma. The
flavorant may be selected based on the desired aroma and flavor contribution,

thermal stability as described previously, and its compatibility with the polymeric
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carrier. The flavorant may be added at levels from 0.01 to 20%, optionally 1 to
10%, depending on the intensity of the aroma provided by the flavorant, the
selected polymer, as relates to its crystallinity and corresponding effect on the
regulation of the flavorant migration, as well as the thickness of the final arlicle.
This composifion also comprises a flavor enhancing agent, such as a sweetener.
The sweetener, such as a sucralose/maltodextrin high intensity sweetener, may
be used at leveis of 0.1 to 50%, optionally at levels between 5 to 20%, to provide
the appropriate level of taste to the article. Loading leve!l of the sweetener is
dependent on the intensity of the sweetener, the polymer, and the thickness of
the final article. Additionally, ancther flavor enhancing agent, like an acidulant,
such as citric or fumaric acid, may be utifized at levels of 0.01 to §%, depending

on intensity, polymer, and thicknesé of the final article.

{0072] A composition of Low Density Polyethylene (LDPE), a
sucralose/maltodextrin high intensity sweetener, Orange flavor, citric acid, and
vitamin E (antioxidant) is dosed into a twin screw extruder. The processing
temperatures are set at 100 to 120C. The resulting pellets are then formed into

specimens through an injection molding machine at 160 to 180C.

EXAMPLE 4 - Thermogravimetric Analysis of Flavored Polymer
[0073] The migrating nature of flavorants in polymers is a characteristic which is
critical to the utility of the instant invention. Different flavorant/polymer
combinations result in different performance characterisiics, an essential
characteristic of which is the organoleptic perception of flavor. Many flavoranis

may be compounded with many different polymers, but {o possess the desired
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utifity of an organocleptic perception of flavor is critical. Sub-optimal combinations
are characterized by short lived organoleptic sensation, i.e., when the flaverant at
the surface of the article has been expended, the organcieptic perception of
flavor is lost, even though flavorant remains entrapped in the polymer of the
article. Conseguently, it is essential {0 be able to evaluate the migratory capacity

of flavorant/polymer combinations.

{0074] To this end, polymers with flavor intensities rated as 0, 80, 80, and 100%
are analyzed for thermogravimetric (TGA) performance. With these data, a linear
rejationship between TGA measurement and percent flavor in the polymer may
be obtained and plotied with the y axis representing the TGA and the x axis

representing the percentage flavor in the polymer.

[0075] Under experimental circumstances, the polymer with known flavorant
intensity is placed in flowing water for 1, 10, and 100 hours. The resuits for
percetved flavor retention may be plotied. Experimental polymers may be
expected to retain approximately 82% of the perceived flavor at 1 hour, 43% at
10 hours and 38% at 100 hours. Afier two hours of recovery time, the flavor
perception may be expected to recover 1o 88% of the original perceived flavor

intensity in a 100 hours water-exposed specimen.

EXAMIPLE & - Flavor Panel Evaluation of Polymers with Flavorants
Flavor panel evajuations are conducted on specimens moided from different
flavored compositions. Each composition is first compounded using a twin screw

extruder and then injection molded into bars for taste testing. Panelisis are
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assembled to give their opinion on the taste and aroma. Each panelfist is
required to answer the following questions:
1. Whether the taste representsiresembles the described flavorant, i.e.,
fruit, mint, &ic, (Yes/No)
2. Whether the loading of the fiavorant is appropriate {o give pleasant
taste to the molded article (Rating of 0-5 with 0 means “nio taste at all”,
1 is "too weak”, 3 is “just right”, and 5 is “too strong”)
3 Whether the aroma represents/resembles the described flavorant, i.e.,
fruit, mint, ete. (Yes/No)
4. Whether the loading of the flavorant is appropriate (o give pleasant

aroma to the molded article (Rating of 0-5)

Three different base resins: Low Density Polyethylene (LDPE), Linear Low
Density Polyethytene (LLDPE}, and Polypropylene (PP) are selected for
evaluating differences in taste and aroma of the final molded articles and the
migration of the flavorants. Two flavorants, raspberry and banana, are chosen for

this study.

Results

[0076] The tabies below summarize the results from the panet tasting.



Table 1. Responses on whether the taslte represents the described fruit, broken

down by diffarent resin and flavorant types.

) Raspberry Banana
Resin Yes Ng Yes No

LLDPE 33% 8§7% 33% 67%
LDPE 44% 1 55% 38% 61%
PP §% 94% 8% 100%

Total 28% 72% 24% 76%

Table 2. Responses on whether the aroma represents the described fruit, broken

down to different resin and flavorant types.

.| Raspberry Banana
Resin I Yes No Yes |  No
LLDPE [ 100% 0% B8% | 11%
LDPE | 85% 11% Q4% | 8%
. PP | B3% 17% 83% .  17%
Total | 91% 8% | B9% !  11%

Table 3. Overall rating on loading level, broken down to different resin and

flavorant {ypes.

Average based on

Category Type Taste Aroma i

8 LLDPE 0.74 2.39 =
rg{f LDPE 0.76 2.60

pp 0.44 1.49 N

Raspberry 0.74 2.28 !

Flavor Banana 0.56 2.04 |

[0077] The responses summarized in Tables 1 and 2 show that when using
flavorant alone, aroma is much more dominant than the taste in overall flavor
sensation. 91% and 89% of the respondents can smell raspberry and banana,
respectively, compared to only 28% and 24% for taste. in Table 3, we can see
that the respondents rate the aroma much closer to 3 (ideal target) than the taste,

It is also observed that both aroma and taste perception in polypropylens is
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consistently lower than both LDPE and LLDPE which suggests that the higher

crystaflinity polymers inhibit the migration of the flavorant.

EXAMPLE & ~ Flavor Panel Evaluation of Polymers with Flavorants and Flavor

Enhancing Agents

{0078] Flavor panel evaluations are conducted on molded LDPE specimens

which comprise a flavorant and a flavor enhancing agent, Le., a sweetener. Each

of the compositions is first compounded using & twin screw extruder and then

injection molded into bars for taste testing. Panel testing is conducted after

approximately 3 weeks of conditioning the samples at room temperature o make

sure the flavors do not volatilize completely within several days after the molding

of the specimens. Panelists are assembled to give their opinion on the taste and

aroma. Each pane! taster is required to answer the following guestions:

1.

Whether the surface taste represents/resembles the described flavor
{Yes/Ng)

Whether the formulation is appropriate o give pleasant taste {0 the
molded ariicie (Rating of 0-5 with 0 means “no taste at all", 1 is "too
weak”, 3 is “just right”, and 5 is “too strong™)

Whether the aroma representsiresembles the described flavor
{Yes/No}

Whether the formulation is appropriate to give pleasant aroma o the
moided articie (Rating of 0-5)

Whether the flavor lasts long enough in mouth. (YesiNo)
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Resuits
[0079] The tables below summarize the results from the panel testing.

Table 4. Responses on whether the taste represents the described

flavor,
! Flavor Yes No
‘Raspberry | 933% ! 67%
| kAint P100.0% | 0.0%
Table 5. Responses on whether the aroma represents the described
flavor,
Flavor Yes No

Raspberry | 80.0% | 20.0%

Mint 833% | 67%

Table 8. Overall rating on raspberry flavar for three different
formulations,

. Formulation | Taste | Aroma

i 1 3.00 2.80

12 2.30 2.20

'3 2.80 2.50

| Average 2701 243

Table 7. Overall rating on mint flavor for three different formutations.
| Formulation | Taste | Aroma

i1 3.30 3.80

2 2.890 3.00

3 3.10 3.20

Average 3,10 3.27

Table B. Responses on whether the flavor lasts long enough in the
mouth.

Flavor | Yes No

Raspberry | 73.3% | 26.7%

Mint 83.3% | 8.7%

{0080} The results show that both mint and raspberry specimens have good
representation of the described flavors and have favorable taste and aroma {with
ratings close to the ideal target of 3.0}. This pang! evaiuation demonstrates that
the use of 2 flavor enhancing agent, such as a sweetener, provides the taste
sensation which is lacking in the earlier panel evaiuations when the specimens

comprised flavorant alone.

28



etk

{0081} The present invention is not to be limited in scope by the specific
embodiments described herein. indeed, various maodifications of the invention in
addition o those described herein will become apparant (o those skilled in the art

from the foregoing description.

[0082) All patents, applications, publications. {est methods, literature, and other

materials cited herein are hereby incorporated by reference.
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CLAIMIS

We Claim:

The claims defining the invention are as follows:

1. A polymeric article molded or extruded from a flavored thermoplastic composition
comprising:
{a}  0.1to 50 wt% of one or more flavor enhancing agent with respect to the total
weight of the composition, wherein the flavor enhancing agent is heat stable and
provides a taste component of flavor, and is selected from the group consisting of
sucralose, stevia extracts, acesulfame K and maltodextrin;
(b}  0.01 to 10 wt% of one or more flavorant with respect to the total weight of the
composition, wherein the flavorant is heat stable and provides an aroma component
of flavor;
(¢} one or more thermoplastic polymers selected from the group consisting of
polyethylene, polypropylene, and copolymers and terpolymers thereof, wherein:

(i) the thermoplastic polymer allows migration of the flavor enhancing agent
and flavorant without consumption, destruction, mastication, or fully or partially
dissolving the polymeric article; and

(i} the flavor enhancing agent and the flavorant are selected to be thermally
stable when blended in the thermoplastic polymer at a processing temperature of 100
to 180 °C; and
{d) optionally one or more additives selected from the group consisting of
antioxidants, antistatics, antifogs, antimicrobials, slips, antiblocks, minerals, fillers,
optical brighteners, foaming agents, nucleating agents, impact modifiers, dispersing
aids, release agents, waxes, colorants, pigments, and UV stabilizers;
wherein:

(i}  the flavor enhancing agent and the flavorant are blended throughout the
thermoplastic polymer;

{ii}y the taste component of flavor and the aroma component of flavor are
released from the polymeric article without the article being consumed, destructed,
masticated or fully or partially dissolved;

(iii} 100 to 80 % of flavor intensity of the flavorant and flavor enhancing agent
perceived when the polymeric article is placed in a use environment are retained at

one hour, 80 to 40 % of the flavor intensity of the flavorant and flavor enhancing
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agent perceived in a use environment are retained at ten hours, and 40 to 20 % of the
flavor intensity of the flavorant and flavor enhancing agent perceived in a use
environment are retained at one hundred hours;

(iv) the article is substantially free of plastic flavor; and

{v) the article is selected from the group consisting of dental appliance, dental

mold, retainer and mouthguard.

The polymeric article of claim 1, wherein the flavored thermoplastic compaosition is in

the form of a peliet-shaped masterbatch, a dry-powder or a concentrated liquid.

The polymeric article of claim 1 or claim 2, wherein the thermoplastic polymer is
selected from the group consisting of low density polyethylene, ethylene methy!

acrylate (EMA) and linear low density polyethylene.
The polymeric article of any one aof claims 1 to 3, wherein the flavorant is selected
from the group consisting of natural fruit, artificial fruit, natural mint, artificial mint,

natural chocolate and artificial chocolate flavors.

The polymeric article of any one of claims 1 to 4, wherein the flavor enhancing agent

and flavorant are suitable for human consumption.

The polymeric article of any one of claims 1 to 5, wherein the flavoured thermoplastic

composition contains two or more flavor enhancing agents.

The polymeric article of ¢laim 6, wherein the flavor enhancing agents are sucralose

and maltodexirin.

The polymeric article of any one of claims 1 to 7, wherein the polymeric article is

tested to measure the percentage of the flavor intensity in running water.
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10.

11.

i2.

13.

The polymeric article of any one of claims 1 to 8, wherein the polymeric article is
selected from the group consisting of monolayered article, coextruded multi-layered

article and an article formed by overmolding the flavoured thermoplastic composition.

The polymeric article of any one of claims 1 to 9, wherein the amount of flavor

enhancing agent is 5 to 50 wt% with respect to the total weight of the composition.

The polymeric article of claim 10, wherein the amount of flavour enhancing agentis 5

to 20 wit% with respect to the total weight of the composition.

The polymeric article of any one of claims 1 to 11, wherein the amount of flavorant is

0.01 to 1 wit% with respect to the total weight of the composition.

A process for producing a polymeric article comprising:

(a} selecting one or more flavorant, wherein the flavorant is heat stable and
provides an aroma component of flavor;

(b) seiecting one or more flavor enhancing agent, wherein the flavor enhancing
agent is heat stable, provides a taste component of flavour, and is selected from the
group consisting of sucralose, stevia extracts, acesulfame K and maltodextrin;

{c) selecting one or more thermoplastic polymers from the group consisting of
polyethylene, polypropylene, and copolymers and terpolymers thereof; wherein:

{iy the thermoplastic polymer allows migration of the flavor enhancing agent
and flavorant without consumption, destruction, mastication or fully or partiaily
dissolving the polymeric article; and

(i}  the flavor enhancing agent and the flavorant are selected to be thermally
stable when blended in the thermoplastic polymer at a processing temperature of 100
to 180 °C;

(d) blending 0.01 to 10 wt% of the seiected one or more flavorant(s) and 0.1 to 50
wit% of the selected one or more flavor enhancing agent(s) with respect to the total
weight of the composition and the selected one or more thermoplastic polymers, and
optionally one or more additives selected from the group consisting of antioxidants,

antistatics, antifogs, antimicrobials, slips, antiblocks, minerals, fillers, optical
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14.

15,

16.

brighteners, foaming agents, nucleating agents, impact modifiers, dispersing aids,
release agents, waxes, colorants, pigments and UV stabilizers, to obtain a flavored
thermoplastic composition; and

{e) molding or extruding the flavored thermoplastic composition to obtain the
polymeric article;

wherein:

(i)  the flavor enhancing agent and the flavorant are blended throughout the
thermoplastic polymer;

(i) the taste component of flavor and the aroma component of flavor are
released from the polymeric article without the article being consumed, destructed,
masticated or fully or partially dissolved;

{ili} 100 to 80 % of flavor intensity of the flavorant and flavor enhancing agent
perceived when the polymeric article is placed in a use environment are retained at
one hour, 80 to 40 % of the flavor intensity of the flavorant and flavor enhancing
agent perceived in a use environment are retained at ten hours, and 40 to 20 % of the
flavor intensity of the flavorant and flavor enhancing agent perceived in a use
environment are retained at one hundred hours;

(iv) the article is substantially free of plastic flavor; and

{v) the article is selected from the group consisting of dental appliance, dental

mold, retainer and mouthguard.

The process of claim 13, wherein the flavored thermoplastic composition is in the

form of a pellet-shaped masterbatch, a dry-powder or a concentrated liquid.

The process of claim 13 or claim 14, wherein step (d) is performed by melt processing
the composition, dry-mixing the flavorant, the flavor enhancing agent and the optional
additive into a polymer powder, or mixing the flavorant, the flavor enhancing agent

and the optional additive into a liquid polymer.

The process of any one of claims 13 to 15, wherein the thermoplastic polymer is
selected from the group consisting of low density polyethylene, ethylene methyf

acrylate (EMA) and linear low density polyethylene.
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17.

18.

19.

The process of any one of claims 13 to 16, wherein the article is selected from the
group consisting of monolayered article, coextruded multi-layered article and an

overmolded article.

The process of any one of claims 13 to 17, wherein the amount of flavor enhancing

agent is 5 to 50 wt% with respect to the total weight of the composition.

A flavored articie produced by the process of any one of claims 13 to 18.
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