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ORAL CARE COMPOSITIONS HAVING HIGH WATER CONTENT AND MICRO
ROBUSTNESS

BACKGROUND

{0001} Oral care compositions, such as oral care compositions compusing water, may be
susceptible to bacterial growth. A high water content fosters the growth of bactenia in an oral
care composition, and consequently shortens the shelf-hife of the composition, resuling m
consumer dissatisfaction. Therefore, oral care compositions comprising a high water content may
meorporate additional preservative ingredients mto thewr formulations, such as benzyl alcohol,
aldehydes, methylparaben, and propylparabes.

{6002} Additionally, many oral care compositions may comprise expensive mgredients, such as
mgredients that are naterally occwgring and may be limited in the environment. One such
ingredient ix carrageenan, which is a thickening agent that may be extracted from red seawesds.
Therefore, an oral care composition comprising a high content of cirrageenan as a thickening
agent may be expensive to manufacture, and it may be desirable from a cost standpoint to
formulate compositions comprising suitable allemative ingredients,

{0003} Water, of course, 15 a cost-effective ingredient, and theretore maximizing its content in an
oral care composition’s formolation may decrease the cost assoctated with producing that
formulation, as the conient of other, more expensive, mngredients may consequently by replaced
by the increased water content. Accordingly, it is desirable to increase the water content of a
composition without adversely affecting the composition’s micro robustness, or ability to inhibt
bacterial growth, Furthermore, it 15 desirable o increase the water conient of a composition
without the need (o incorporate additional preservative ingredients into the formulation.

[0004] Arriving at the ideal water content, however, can be complicated when formalating oval
care compositions. Reducing the level of water, and optionally replacing some or all of the
removed water with a humectant, for example, may create problems in obtaining acceptable
theology and thickening properties in the composition. When water, which is a highly polar
solvent, is removed, conventional thickening agents, such as carboxymethylcellulose, tend to gel
up madequately. Such formulations bave been shown to exhibit progressive thickening over
time, which prolongs the time period to reach a rheological steady state, or even prevents the

dentifrice from reaching a rheological steady state altogether. If a fornmulation routinely increases
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1 viscosity over time, dispensing of the formulation will become difficult, which will likely
result in consumer dissatisfaction.

[0803] One method known in the art for increasing the water content while mproving micro
robustness involves the addition of water soluble stannons 1ons to an oral care composition. The
stannous ions may be chosen from the grouwp consisting of stamnous chlonde, stannous
pyrophosphate, stannous formate, stannous acetate, stannous gluconate, stannous lactate,
stannons tartrate, stannous oxalate, stannous malonate, stannous citrate, stannowvs ethyvlene
glvoxide, and mixtures thereof Stannous ions, however, such as SnCl;, may be astringent
compounds having a poor taste that would be anpleasant to a consumer.

[0006] Accordingly, it is desirable to formulate an oral care composition that is cost-efficient,
has a high water content, desirable rheological properties, and maintains high micro robustness

while being free of slannouns ons.

BRIEF SUMMARY

{007 Disclosed herem i3 a composition, such as an oral care composition, having a high water
content and comprising sorbitol and a thickening system chosen from carrageenan and a
combination of xanthan and carboxymethyl cellulose {CMC). The oral care composition may be
a gel or paste. In certain embodiments, the composition is free of glycerin In certain
embodiments, the composition is free of stannous tons. The compositions disclosed herein may
have a Micro Robustness ladex (MRI) of greater than about £.75, such as greater than about
0.80, greater than about 0.85, greater than about 0.90, greater than about 95, or equal to about
1.0, In certan embodiments, the composition may compsise at least about 40% fotal formula
water, such as at least about 45% total formula water, at least about 47% total formula water, at
least about 58% total formuda waler, al least about 329 total formula water, at least about 553%
total formmia water, or at least abont 60% toial formula water. In certain exemplary
embodiments, the oral cave composition may comprise at least about 20% sorbitol.

{0008 In certain embodiments, the oral care composition may be a whitening composition. Such
whitening composition may comprise at least one abrasive, such as, for example, from abowt
1% to about 50% of a silica abrasive, such as about 15% to about 30% or abowt 20% of a silica
abrasive. In certain emboediments, the composition disclosed herein comprises more than about

§10% stlica abrasive, sach as more than aboot 2% or more than about 13% silica abrasive.

~a
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[0009] Also disclosed herein are methods for cleaning the surface of a tooth
comprising applying a composition comprising at least about 40% total formula water,
sorbitol, and a thickening system chosen from carrageenan and a combination of xanthan
and carboxymethyl cellulose (CMC), wherein the composition is substantially free of
glycerin and substantially free of stannous ions, and wherein the composition has an MRI
of greater than about 0.75.

[0009a] Also disclosed herein is an oral care composition comprising: at least 40%
total formula water by weight of the composition; at lcast 14% sorbitol by weight of the
composition; and at least one thickening system chosen from (a) carrageenan and (b) a
combination of carboxymethyl cellulose and xanthan; wherein the composition is free of
glycerin and free of water-soluble stannous ions, wherein the composition is free of
preservatives, wherein less than 40% free water by weight of the composition is added to
the composition, and wherein the composition has a Micro Robustness Index of at least
0.75.

[00010] Further areas of applicability of the present invention will become apparent
from the detailed description provided hereinafter. It should be understood that the detailed
description and specific examples, while indicating the preferred embodiment of the
invention, are intended for purposes of illustration only and arc not intended to limit the

scope of the invention.

DETAILED DESCRIPTION
[00011] The following description of the preferred embodiments is merely exemplary
in nature and is in no way intended to limit the invention, its application, or uses.
[00012] As used throughout, ranges arc used as shorthand for describing each and
every value that is within the range. Any value within the range can be selected as the
terminus of the range. In the event of a conflict in a definition in the present disclosure and
that of a cited reference, the present disclosure controls.
[00013] Unless otherwise specified, all percentages and amounts expressed herein
and elsewhere in the specification should be understood to refer to percentages by weight.
The amounts given are based on the active weight of the material.
[00014] Disclosed herein are oral care compositions comprising at Ieast about 40%

total formula water, sorbitol, and a thickening system chosen from carrageenan and a

Date Regue/Date Received 2021-05-12



84014110

combination of xanthan and carboxymethyl cellulose, wherein the oral care compositions
arc substantially free of glycerin, substantially free of water-soluble stannous ions, and have
a Micro Robustness Index of at least about 0.75. In certain embodiments, the oral care
compositions disclosed herein are free of antibacterial agents. In certain embodiments, the
oral care compositions disclosed herein are free of preservatives.

[00015] The compositions disclosed herein have a total formula water content, of at
Ieast about 40%, such as at least about 45%, at least about 47% total formula water, at least
about 50% total formula water, at least about 52% total formula water, at least about 55%

water, or at least

3a
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about 60% total formula water. As used herem, “total formula water” refers to the wial content
of water, inclading anv free water added and all water comtained in any mgredients. As one
skilled in the art would appreciate, water may be found in added ingredients. For example,
according to certain embodiments, sorbitol may be added 1o compaositions of the invention, such
as, for example, at least about 209 sorbiiol. In certain embodiments wherein sorbitol is added to
compositions of the invention, it may be added as raw material, for example a raw material that
Is present as a 70% sorbitol solution. Accordingly, in a 70% sorbitol solution, about 30% of the
sorbitel solution may comprise water that contributes to the total formula water of the
composition. Therefore, in certain embodiments, less than about 4054 free water may be added to
a composition according to the invention, but when additional mgredients are added, such as, for
example, at least about 20% of a 70% sorbitol solutien, the total formula water of the
composition may then increase 1o at least abouot 40%. Purely by way of tllustration, a formulation
gy comprise about 35% free water andd about 25% of a 70% sorbitol solution (i.e., about 7.5%
water). Assaming no other mgredients in the formudation contain water, soch a formulation
would contain about 42.5% total formuls water {35% + 7.5%).

160016} in addition to at least about 40% total formola waler, the oral care compositions
disclosed hetein comprise sorbitol as a humectant. A humectant may be useful, for example, o
prevent hardening of a toothpaste or gel upon exposure to air. In certain exemplary
embodiments, the sorbitol 15 a 70% sorhito]l solution. The sorbitol may be present m the
composition in an amownt of at least about 20%, such as at least about 22%, at least about 24%,
at least about 253%, at least about 30%, or at least about 35%. It s wnderstood that, as used
herein, if a composition comprises an amount of sorbitol, such as at least about 209 sorbitol, the
sorbitol may be present as a raw material rather than pure sorbitol. Accordingly, for a
composition comprising at least about 20% sorbitol, in certam exemplary embodiments wherem
the sorbitol iz a 70% sorbitol solution, approximately 30% of the sorbitol may comprise water,
and the sorbitol raw material may also comprise a percamtage of other, non-sorbifol impurities,
Accordingly, the amount of pure sorbitol in the composition may, in certain embodiments, be at
least about 3%, such as at least ahout 8%, at least about 8%, at least about 10%, or at least about
12%. The composition may further comprise at least one humentant in addition o sorbitol Any
oraliy~acceptable humectant may be used, ncluding, for example, xylitol, propyviene glycols,

polypropviene glycols, and polvethylene glycols (PEGs). such as PEG 600,
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{0017} In certain embodiments, the oral care compositions disclosed herein are
substantially free of glycerin as a humectant. As used herein, the tenm “sobstantially free of
glvcerin” means about 0% by weight of glycerin or an amount of glycerin that is so low as 10 not
have a reasonable chemical effect on the formulation.

o0 18] The oral care composittons disclosed herein huther comprise at least one
thickening system. The thickening system mayv be useful, in pan, o give a desired consistency
and‘or mouth feel 1o the composition. Any orally-acceptable thickening agent may be used in the
thickening system, including, for example, carbomers, alse known as carboxyvinyl polvmaers,
carrageenans, also known as Irish moss, cellolosic polvmers such as hydroxyvethyl cellulose,
CMC, and salts thereof, such as CMC sodium. Other exemplary thickening agents that may be
mentioned include natural gums such as karava, xanthan, gum arabic and tragacanth, colipidal
magnesium aluminum silicate, collowdal silica, algmates, beatomite and other natural clays and
synthetic inorganic clays, and the ke, At least one additional thickening agent may be optionally
present in the composition in a total amount rangmg from about .01% to about 15%, such as
from about §.1% to about 10%, or from 0.2% to sbowt 5%, by weight of the composition. In one
embodiment, the at least one thickentng svstem comprises carrageenan. In one embodiment, the
at least one thickenmng svstem comprises a combination of CMC present in an amount of about
0.6% about xanthan present in amount of about 0.65%.

{Hn19] As one skilled in the art would recognize, properties of CMC may depend on the
chain length of #ts cellulose backboue structure. Accordingly, 1 certain embodiments, use may
be made of CMC comprising a backbone ranging from 8 to 12 cellulose wuts, such as 8 cellulose
units {CMCR), 8 cellulose units (CMC9), or 12 cellulose units {CMC12), CMC may be present in
the oral care compositions disclosed herem i an amount ranging from about 0.1% to about
1.0%, such as about .1 % to about 0.7%, or about 0.2% o about (.65%.

{60020} The xanthan gam is polysacchande having a molecalar weight of abouot 1,000,000
to about 10,000,000, Xanthan has & primary structure consisting of regular repeating units, each
containing five sugars: two glucose, two mannose, and oue glucuronic acid. The main chain is
bualt up of B-Deglucose units linked through the I~ and 4-positions, 1., a chemical structure same
as cellulose. A three-sugar side chain is linked to the 3-position of every other glucose residue n
the main chain. About half of the ferminal D-mannose residues contam a pyruvic acid residue

linked to the 4- and G-positions. Xanthan may be present in the oral care compositions disclosed
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herein in an amount ranging from about 8.1% to about 1.0%, such as about 0.1 % to about §.7%,
or about 0.2% to about (.6%,

{00021} in cerain embodiments, the at least ome thickening system comprises
carrageenan. In certain embodiments, the carraggenan may be chosen from at Jeast one of beta-,
iota-, kappa-~, and lambda-type carrageenan. The at least one carrageenan may be present in the
oral care composition in an amount ranging from about 0.01% to about 5.0%, such as from about
0.08 % to 1.1%, by weight. In certain embodiments, the oral care composition disclosed herein is
substantially free of carrageenan.

[00022) In general, it is known that increasing the water content in a formulation decreases
the micro robustness, f.e., susceptibility to microbial attack. A Micro Robustaess Index (MRI)
may be caleulated to inddicate the efficacy of the formulation at deterring microbial
contamination. For the purposes of the present disclosure, a composition 15 considered to have
adequate mucro rebustness if the MR is at feast gbout 0,75, In certamn embodiments disclosed
herein, the composition has an MRI ranging from about 1.0 to about 0.75, such as, for example,
fronm about 0.95 o abowt 0.80, or from about .90 1o about .85, In certain embodiments, the
MRI 18 greater than about .75, such as greater than about 0.80, greater than about 0.85, greater
than about .90, greater than about (.95, or 1s equal {0 about 1.0

{00023} In order to assess the MRI of a composition, a sample of the composition may
challenged with a certam quantity of vartous bacteria. For example, in certain embodiments, a
samuple formulation may be exposed o microorganisms inchuding the following Burkholderia
cepacier, Eaterobacter cloacae, Fscherichia coll;, Klehsiella oxptoca, Kiehsiella prawmorniae;
Serratia marcescens, Providencia retigeri, Prendomonas aeruginosa; Pseudomonas pitida,
SMaphvlococens avrens; and Stapfviococcus saprophvticus. The MRI may be calculated from a
bacteria kil log that is measured at various time pomts {e.g., 4, 6, and 24 hours) over a 24 hour
period. The maxinum Kill woald be 8 7 log reduction; therefore, the maximum area under the
curve (AUCY would be 148 (7 x 24). Accordingly, an AUC of 148 is given an index of 100, The
MRI is the ratic between the index of the AUC of the sample composition and the benchmark
index of 100. An MRI of 1.0 indicates that the twwo AUC are the same. The higher the MR], the
greater the micro robusiness of the formulation; to the contravy, the lower the MR, the lower the

niicro robusiness of the formulation. It hag been observed that a composition exhibiting an MR1
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lower than about 075 may exhibit negative microbial issues, for example at the manufacturing
level.

{00024} in certain embodiments disclosed berein, the oral care compositions may be
substantially free of water-soluble stannous fong, while suill maintaining an MRI value of at least
about 8.75. For example, n certain embodiments, the oral care composition disclosed herein is
substantially free of water-soluble stannous ions and has an MR of at least about 0.80, at least
about 0.85, at least about .90, at least about 0.95, or equal to 1.0. Although it is known that
stannous ons may mmpart micro robustness to a composition, they also may be astringent
compounds having a poor taste, and thus are commercially undestrable. Accordingly, in
embodiments of the invention, the oral care composition is substantially free of stannous ions
chosen, for example, from stanpous chioride, stannous pyrophosphate, stannous formate,
stannous acetate, stannous gluconate, stannous lactate, stannous fartrate, stannous oxalate,
stannous malonate, stannous crrate, stannous ethvlene glyoxide, and mixtures thereof. As used
herem, “sobstantially free of water-soluble stannous ions”™ indicate that there are aboat 0% by
weight of water-soluble stannous ions in the composition or that the amount of water-soluble
stannoas ions is 5o low as to not have a reasonable chemical effect on the composition.

{00025} in certain embodiments disclosed herein, the oral care compositions may further
comiprise at least one abrasive. Abrasives in oral care compositions are responsible for physically
scrubbing the external surfaces of the teeth in order to remove organic uofilm, or pellicle,
formed by salivary proteins, bacteria, and bacterial byproducts. Pellicle may also be stained and
discolored by foods, drimks, tobacco smoke, and bacteria. Such physical removal of the staned
pellicle is a simple and effective means of removing the undesirable surface stanung and
discoloration, and thereby effectively whitening teeth surfaces. Further, such physical removal of
the petlicle also removes plague bacteria on the pellicle swiace, thereby nunimizing the potential
for gingivitis, periodontitis, and cares formation. Accordingly, abrasives may be desirable in an
oral care composition for their whitening and oral care effects. However, oral care compositions
should not have such high concentrations of abrasives that damage 1o the enamel or tissue may
result. As such, it is desirable to develop oral care compositions to optiize the cleaning and
whitening effects, while minimizing anv potential abrasiveness damage. Preferably, soch oral
compositions should have a high pellicle cleaning ratio (PCR), but a low degree of dental

abraston, which 15 measured as radicactive dental abrasion (RDA). In certain exemplary
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embodiments, the oral care compositions disclosed herein may be characterized by a PCR value
of at least about 90, such as at least about 93, at least about 100, or at least about 102, In certain
exemplary embodiments, the oral care compositions disclosed herein may be characterized by an
RDA value of less than about 200, such as less than about 150, less than about 130, less than
about 125, or less than about 120,

{00026} Anv orally acceptable abrasive can be used, but type, Nineness {particle size) and
amownt of abrasive should be selected so that tooth enamel is not excessively abraded in normal
use of the composition. Suitable abrasives include without himitation silica, for example in the
form of sifica gel, hvdrated silica or precipitated silica, precipitated calcium carbonate, alumina,
insoluble phosphates, resinous abrasives such as wea-formaldehyde condensation products and
the hke. Among msoluble phosphates useful as  abrasives  are  orthophosphates,
polymetaphosphates and pyrophosphates. Hlustrative examples are dicalciom orthophosphate
dihydrate, calcium pyrophosphate, P-caleiumn pyrophosphate, tricalciom phosphate, calcium
polymetaphosphate and insoluble sodnum polymetaphosphate. The at least one abrasive may be
present in an abrasive effective total amount, such as an amount ranging from about 5% to about
70%, for example aboat 10% to abont 50% or about 13% to about 30% by weighi of the
composition. In certam embodiments, the abrasive is a silica abrasive present m an amount of
about 20%. Average particle size of an abrasive, if present, generally ranges from about 0.1 pm
to about 304 pm, for example about 1 gm 1o about 20 um or about 3 pm to about 15 pm.

{60027} Other additional mgredients may be added to the oral care composition as desired,
Among potential additional ingredients for mclosion mto compositions disclosed herein, mention
may be of, for example, whiteners and bleaching agents, antimicrobials, bicarbonate salts, pH
modifyimg agents, foarn modulators, viscosity modifiers, surfactants, sweeteners, flavorants, and
colorants.

{00028} The compositions disclosed herein may forther comprise at least one tooth
whitening or tooth bleaching agent. Suitable tooth whitening and bleaching agents may include
at least one of peroxides, metal chlorites, and persulfates. Peroxides may wclnde at least one of
hydroperoxides, hydrogen peroxide, peroxides of alkali and alkahine earth metals, organic peroxy
compounds, and peroxy acids. Peroxides of alkali and alkaline earth metals include lithium
peroxide, potasshan peroxide, sodinm peroxide, magnesivm peroxide, calefum peroxide. barium

peroxide, and mixtures thereof. Other peroxides include perborate, urea peroxide, and mixtures
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thereof. Suttable wmetal chlortes may include calcium chlorite, barium chlonte, magnesium
chionite, lithuwn chlorite, sodiam chionte, and potassium chlorite. In certain embodiments, tooth
whitening or tooth bleaching ingredients may be added in effective amounts, sach as from about
1% to about 20% by weight based on the total weight of the composition.

{6029} In certain embodiments, the oral care compositions disclosed herein may fusther
comprise at least one antimicrobial agent. Exemplary antimicrobial agents may include zine
citrate, zine oxide, stannous chiloride, tetrahydrocarcomin, cetylpynidinium chloride and
triclosan. In certain embodiments, for example, at least one antimicrobial agent may be present
in g composition at a concentration ranging from about 0.025 ppm to about 100 ppm. Various
compositions also contain compounds or components with antibacterial properties, for exanple
to reduce the formation of plaque on the tooth surfaces.

{00036} In certain cmbodiments, at least one bicarbonate salt may be added o the oral
care compositions disclosed herein, At least one bicarbonate salt mav be useful to tmpart a
“clean feel” to teeth and gums due o effervescence and release of carbon dioxide. Any orally
acceptable bicarbonate can be used, including without limitation alkali metal bicarbonates, such
as sodium and potassiwm bicarbonates, anmmoniwn bicarbonate and the like. One or move
bicarbonate salts are optionally present in a total amount ranging from about 8.1% to about 30%,,
such as abont 1% to about 20%, by weight of the composition.

{0031} In certain embodiments, the compesition comprises at least one pH modifymg
agent, pH modifving agents may include aciddying agents to lower pH, basifying agents 1o raise
pH. and bauftering agenis to control pH within a desired range. For example, one or more
compounds selected from acidifving, basifying and butfering agents can be included. Any orally
accepiable pH modifving agent can be used, including without limitation carboxylhic, phosphoric
and sulfonic acids, acid salts (such as monosodium citrate, disodium citrate, and monosedium
malate), alkali metal hydroxides such as sodium hydroxide, carbonates such a3 sodium
carbonate, bicarbonates, sesguicarbounates, borates, silicares, phosphates {such as monosodium
phosphate, trisodivan phosphate, and pyrophosphate salts), imidazole and the like. The at least
one pH modifving agent may be optionally present 1 a total amount effective to maintain the
composition in an orally acceptable pH range.

{00032} in certain embodiments, the compositions disclosed herein may further comprise

at feast one foam modudator. At least one foam modulator may be useful o increase the amount,
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thickness, or stability of foam geverated by the composition upon agitation. Any orally
acceptable foam modulator can be used, mcluding for example polyethylene glyeols (PEGs), also
known as polyoxyethylenes. High molecular weight PEGs are saitable, inchuding those having an

s
i
i

average molecalar weight ranging from about 200,000 to about 7,000,000, such as for example
about 300,000 to about 3,000,000, or about 10600000 to abowt 2,300,000, At least one foam
modulator may be present in the oral care composition in a total amount ranging from about
0.1% to about 10%, such as from about 0.2% to about 5%, or from about 8.253% to about 2%, by
weight of the composition.

00033} In certain embodiments, the compositions disclosed herein may further conprise
at least one viscosity modifier. At feast one viscosity modifier may be useful for example to
mbubit setthing or separation of ingredients or to promote redispersibility upon agitation of a
liquad composition. Any orally acceptable viscosity modifier can be used, meluding for example
mineral oil, petrofatuny, clays and organomodified clays, silica and the hke. The at least one
viscostty modifier may be optionally present 1 the oral care composition m a total amouont
ranging from about 0.01% to about 10%, such as from about 0,19 to about 5%, by weight of the
£OMPOSHION.

{00034} in cerfain embodunents, the oral care compositions disclosed heremn comprises at
least one surfactant. At least one surfactant may be useful to improve the compatibility of the
other components of the compeosition and thereby provide enhanced stability, to help mn cleaning
the dental surface through detergency, and 1o provide foam upon agitation, for example during
brashing with oral care compositions as disclosed berein. Any orally acceptable surfactant, most
of which are anionic, nonionic or amphoteric, can be used. Suitable anionic surfactants inclade
without Hmitation water-soluble salts of Ceop alkyl sulfates, sulfonated monoglyeerides of Cean
fatty acids, sarcosinates, tanrates and the hke. Hustrative examples of these and other classes
mclnde sodium  lauryl sulfate, sodinm coconut monoghveeride sulfonate, sodium  lawryd
sarcosinate, sodiumy lawry! isoethionate, sodiwm lawreth carboxyvlate, and sodinm dodecyl
benzenesalfonate. Suitable soniomic surfactants mchide without hmitason  poloxamers,
polvoxvethviene sorbitan esters, famy alcobol ethoxvlates, alkviphenol ethoxviates, tertiary
aming oxides, tertiary phosphine oxides, diallkyl sulfoxides and the like. Suitable amphoteric
surfactants inclade without limitation devivatives of Cs.xo aliphatic secondary and tertiary amines

having an anionic group such as carboxylate, sulfate, sulfonate, phosphate or phosphonate.
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Examples  melude  cocoamidopropyl betaine,  N.alkyldiaminoethviglyeimes (N
laurylammoethylglyeine, Nemynistyldiethviglveine, ete.), Nealkyl-N-carboxymethylammonium
betaine, 2-alkyi-1-hydroxyethylimidazoline betaine sodiuny and fawryldimethylaminoacerie acid
betaine. The at least one surfactant may be present in the oral care composition in a total amount
ranging from about 0.01% {o about 10%, such as from about 0.05% 1o about 5%, or from about
0.1% to about 2%, by weight of the composition.

{60035} In certain oembodiments, the oral care compositions disclosed herein further
comprise at least one sweetener, useful for example to enhance taste of the composition. Any
orally acceptable nataral or anificial sweetener can be used, including without himitation
dextrose, sucrose, maltose, dextrin, dried nvert sugar, mannose, xylose, ribose, fructose,
levulose, galactose, comn svrup (including high fructose com syrup and corn svrup solids),
partially bydrolyzed starch, hvdrogenated starch hydrolysate, sorbitol, mannitol, xylttol, maltstol,
isomall, acesulfame potassium, glyoyrehizin, penillantine, thauwmatin, aspartame, neotame,
saccharin and salis thereof, dipeptide-based miense sweeteners, eyclamates and the like. The at
least one sweeteners may be present in the oral care composition in a total amount depending on
the particular sweetener or sweeteners selected, but typically may range from about 0.003% to
about 5% by weight of the composition.

{00036}] In certain embodiments, the oral care compositions disclosed herein further
compiise at least one flavorant, useful for example o enhance taste of the composition. Any
orally acceptable natural or synthetic Havorant can be used, including without hmitation vanillin,
sage, marjoram, parsley oil, spearmint oil, cinnamon oil, oif of wintergreen (methylsalicylate},
pepperming oil, clove oil, bay oil, anse oil, eucalypius oil, citrus oils, fruit oils and essences
including those derived from lemon, orange, lime, grapefioif, apricot, banana, yrape, apple,
strawberry, cherry, pineapple, etc., bean- and nut-derived flavors such as coffee, cocor, cola,
peanut, almond, etc, adsorbed and encapsulated flavorants and the like. Also encompassed
within favorants herein are ingredients that provide fragrance and/or other sensory effect in the
mouth, including cooling or warming eftects. Such ingredients illustratively mclude menthol,
menthyl acetate, menthy! lactate, camphor, eacalyptus oil, eucalyptol, anethole, engenel, cassia,
osanone, o-irisone, propenyl puajethol, thymol, linalool, benzaldehyde, cinnamaldehyde, N-
ethyl-p-menthan-3-carboxamine,  N.2 3-trimethyi-2-isopropyvibutanamide,  3-{1-menthoxy}-

propane-1,2-diol, cinnamaldehyde glycerol acetal (CGA), menthone ghveerol acetal (MGA) and
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the like. The at least one flavorant may bhe present in the oral care composition i a total amount
ranging from about 0.01% to about 5%, such as from about 0.1% to about 2.5%, by weight of the
composition.

{00037} In certain embodiments, the oral care compositions disclosed herein further
comprise at least one colorant. Colorants may include pigments, dves, lakes, strips and agents
imparting a particudar luster or reflectivity such as pearling agents. A colorant can serve a
number of fanctions, including, for example, to provide a white or light-colored coating on a
dental swrface, to act as an indicator of locations on a dental surface that have been effectively
contacted by the composition, and/or to modify appearance, in particular color andior opacity, of
the composition to enhance attractiveness to the consumer. Any orallyv-acceptable colorant can
be used, including without himitation tale, mica, magnestun carbonate, calcium carbonate,
magnesium sihicate, magnestom aluminum sihicate, silica, titannm dioxide, zine oxide, red,
vellow, brown and black itron oxides, forric ammonium forrocyanide, manganese violet,
uitramarine, titaniated mica, bismuth oxvchlonde and the hike. The at least one colorant may be
present in the oral care composition in a total amount ranging from about 8.001% to about 209,
sach as from about 0.01% to ahout 10%, or from about 0.1% fo about $%, by weight of the
COMPOSIION.

{00038} Oral care compositions may also be formulated with additonal optional
mgredients, such as, for example anticaries agents, antibacterial agents, anticalculus, tartar
control agenis, anti-plague agents, breath freshening agents, anti-inflamumatory agents, enzymes,
vitamins, and anti-adhesion agents.

00039) fn certain embodiments, the oral care compositions disclosed herein may further
comprise at least one anficaries agent, such as an orally acceptable source of fluonde ions.
Suitable sources of fluoride ions include fluoride, monofluorophesphate and fluorosilicate salts,
as well as amune fluorides, including olaflor (N-octadecylrimethylendiamine-N N N-tris(2-
gthanol)-dibydrofiuoride). As an anticaries agent, at least one fluoride-releasing salt may be
present in an arount providing a total of about 100 to about 20,000 ppm, such as about 200 1o
about 5,000 ppm. or about 30 to about 2,500 ppm, fluoride jons. Whaere sodium fluoride or
monofluorophosphate is the sole fuoride-releasing salt present, an exemplary amount ranging
from about §.01% {0 aboul 5%, such as from about 0.05% o abowt 1% or about 0.1% to about

0.5%, sodium flnoride by weight may be present in the oral care composition.
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{00490] In certain embodiments, the oral care compositions disclosed herein do not

comprise any antibacterial agents. Nevertheless, in certain embodiments, it may be possible for
an oral care composition as disclosed herein to comprise at least one antibactenial agent. Such
antibacterial agents may inchade, for example, halogenated diphenviether compounds, cetyl
pyridinium chloride, polyphenols, phenolic compounds, stannous jons, zine ions, and the like. A
non-limiting example of a halogenated diphenylether compound is triclosan.

{00041} In certain embodiments, the oral care compositions disclosed herein do comprise
any pueservative agents. Nevertheless, in certam embodiments, 1t may be possible for an oral
care composition as disclosed herein to comprise at least one preservative agent. Such
preservative agents may include, for example, parabens such as methylparaben and
propylparaben.

{00042} in certain embodiments, the oral care compositions disclosed herein further
comprise at least one orally-acceptable anticalculus agent. Suitable anticalculus agents may
include withoat himitation phosphates and polyphosphates {for example pyrophosphates),
polvaminopropanesulfonic  acid (AMPS), zine citrate  trthydrate, polypeptides such  as
polvaspartic  and  polyglutamic  acids, polvoletin  solfonates,  polvoletin phosphates,
diphosphonates  such  as  azacvcloalkane-2 2-diphosphonates  {e.g., aracyvclioheptane-22-
diphosphonic acidy, Nemethyvl azacyclopemtane-2 3-diphosphonic acid, ethane~-1-hydroxy-1.1-
diphosphonie acid (EHDP) and ethane-L-amine-1,1-diphospheonate, phosphonoaltkane carboxylic
acids amd salts of any of these agents, for example their alkali metal and amyvonium salts. Useful
morganic phosphate and polyphosphate salts lustrabively mclude monobasic, dibasic and
tribasic sodium phosphates, sodivm tripolyphosphate, tetrapoltyphosphate, mono-, di-, tri- and
tetrasodium pyrophosphates, disedium dihydrogen pyrophosphate, sodiam trimetaphosphate,
sodium hexametaphosphate and the like, wherem sodium can optionally be replaced by
potassiom or anwnonium. Other useful anticalculus agents mclude anionic polycarboxylate
polymers. The anionic polyearboxylate polvimers contain carboxyl groups on a carbon backbone
and include polymers or copolvmers of acevlie acid, methacrylic, and maleic anhydride. Non-
limiting examples include polyvinyd methyl ether/maleic anhydride (PVMEMAY} copolymers,
such as those available under the Gantrez™ brand from ISP, Still other useful anticaloulus agents
may include sequestering agents. such as hydroxyearboxylic acids including citrie, fumaric,

malic, ghuaric and oxalic ackds and salts thereof, and aminopolvcarboxviic acids such as
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ethylenediaminetetraacetic acid (EDTA)Y. The at least one anticalculus agent may be present
the oral care composition m an anticalcnins effective total amount, which may, for example,
range from about 0.01% to about 50%, such as from about 0.05% to about 25% or from about
8.1% to about 15% by weight of the composition.

{0604 3] In certain embodiments, the oral care compositions disclosed herein may further
comprise at least one orally-acceptable zine fon source useful, for example, as an antivalendos or
breath-freshening agent. Saitable zince ion sources include without limitation zinc acetate, zine
citrate, zinc gluconate, zine glycinate, zinc oxide, zine sulfate, sodium zine citrate and the like.
The at least one zine ion source may be presemt in the oral care composition in a total amount
ranging from about 0.05% to about 3%, such as from about 0.1% to about 1%, by weight of the
composition.

{00044 in certain embodiments, the oral care compositions disclosed herein further
comprise at feast one orally-acceptable breath-freshening agent o a breath-freshening effective
total amount. Suttable breath-freshening agents include without inntation zine salts, such as zinc
gluconate, zinc citrate and zinc chiorite, a-tonone and the like.

[60045] in certmn embodiments, the oral care compositions may further comprise at least
one orally acceptable anuiplaque agent, incleding plaque disvupting apent, present in an
antiplague effective total amoant. Suitable antiplagque agents inclode withoat himitation stannous,
copper, magnesium and strontium salts, dimethicone copolyols such as cetyl dunethicone
copolved, papain, glucoamvlase, glucose oxidase, wrea, calcium  lactate,  caloium
glvcerophosphate, strontium polvacrylates and chelating agents such as citric and tartaric acids
ardd alkali metal salts thereof

THBELY In ceriain embodiments, the oral care compositions disclosed heremn farther
comprise at least one orally-acceptable anti-inflasnmatery agent i an anti-inflammatory effective
total amount. Suitable anti-inflammatory agents inclade without linutation steroidal agents such
as flucinolone and bydrocortisone, and nonstercidal agents (NSAIDs) such as ketorolac,
flurbiprofen, ibuprofen, naproxen, indomethacin, diclofenac, etodolac, wndomethacm, salindac,
tolmetin, ketoprofen, fenoprofen, piroxicam, wabumetone, aspinin, diflunisal, meclofenamate,
mefenamic acid, oxvphenbutazone and phenvibutazone.

{00047} in certain embodiments, oral care composttions disclosed herein may further

comprise other ingredients such as enzymes, vitaming and anti-adhesion agents. Enzymes such as
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proteases can be added for anti-stain and other effects. Nen-limiting examples of vitamins
mclode vitanun C, vitamin E and analogs thereof, vitamin BS, and fobe acid In various
embodiments, the vitamins may have antioxidant properties. Anti-adhesion agents may mclude

solbrol, ficin, and quorum sensing inhibitors.

EXAMPLES
Comparative Examples 1-5
j{00048] Comparative sample compositions 1-3 were prepared. In addition to water,
Comparative Sample 1 comprised, éner alia, glycerin, sorbifol, xanthan and CMCS, and bad an
MRIof 0.88,
{60049] Comparative Sample 2 comprised, Mter alia, glycerm, sorbitol, and carrageenan,
and had and MRI of (.63, Comparative Samples 3-8 comprised, infer i, varying amounis of
glyveerin and water, sorhitol, santhan, and carrageenan. Comparative Samples 3-3 reported MRI
values of 0,66, 0.64, and 1.0, respectively. The formulations of Comparative Samples 1-5 are
described in detail in Table 1, below,
106050} 3, or 4 had

None of Comparative Samples 2, an MRI value greater than 075

Althoagh Comparative Samples | and 5 had MRI values greater than .75, both samples
contained glveerin and relatively low amounts of total formula water (eg., relatively low
amounts of 70% solution sorbiiol},

Table |

Ingredient | Comparative | Comparative | Comparative | Comparative | Comparative
Sample 1 Sample 2 Sample 3 Sample 4 Sample §
98 .0-101% 17.67% 14.73% 13.19% 14.73% 17.67%
Kosher
Glyeerin -~
USPand EP
Sorhitol - &.00% 5.00% 6.({%% 6.00% 6.00%
Non-~crystal -
70% Solution
Lsp
PEG 600 1.50% 1.50% 1.50%% 1.50% 1.50%
Synthetic 20.00% 20.00% 20.00% 20 00% 20.00%
Amorphous
Silica
{Svindent
15
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VPS)
Synthetic S.62% 5.62% 7.00% 7.00% 6.00%
Amorphous
ppt Silica -
thickener
Sodium 1.99% 1.99% 1.99% 1.99% 1.99%
bicarbonate -
powdered
Pearl Mt 1.20% 1.20% 1.20% 1.20% 1.20%
Flavor
5% Sodium 1.20% 1.20% 1.20% 1.20% 1.20%
Lauoryl Sulfate
gramuiles
Carrageenan -- 1.1% -~ -~ -
Xanthan 0.65 - 0.65% 0.65% (3.65%
CMCS 0.60 - 0.60% {.60% 0.60%
Titanium 1.00% 1.00% 1.00% 1.00% 1.00%
dioxide
Sedium £0.32% 0.32% 0.32% 0.32% 0.32%
flouride
Sodium 0.27% (1.27% (127% 3.27% Q.27%
saccharin
Amorphous 0.08% (0.08% 0.08% 0.08% 0.08%
sitica blue
Purifted water 41.91% 45% 45%% 43.46% 41.52%
Total formula 43 7 1% 46 8% 46 8% 45 26% 43 32¢
water
TOTAL 100% 100% 100% 100% 100%
MRI .88 (.63 0.66 0.64 1.0
{60051} The samples were each subjected to a Micro Robusiness Test, which 5 a

challenge test to assess the antimicrobial efficacy of a compound or compounds against a group
of microorganisms. The microorganisms include the following: Buwdholderia  cepacia,
Enterobacter cloacae; Escherichia coli, Klehsiella oxvtoea, Klehsielln prermonine; Servatia
marcescens;  Providencia  rettgeri;  Psewdomonas  aerwginosa,  Psewdomanas  puride;
Staphviococens awrens, and Stuphylocoveus saprophyiicus. Samples were challenged 3 tunes at
30 minute intervals with an inoculum of 107 bacteria from the above-listed pool. After 4, 6, and

24 hours, aliquots were tested to measure the log reduction of bacteria.
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Example 6

{0052} Sample 6 comprised, infer alia, 39.09% water (4742% 1otal formula water),
sorbitol, xanthan, and CMCE. Sample 6 was detenmined to have an MRI value of 1.0. The
formulation of Sample 6 is described in Table 2, below.

Table 2

Ingredient Saniple 6
- Glveerin -
- Sorbitol - Non-erystal 25.60%
- 70% Solution LSP
PEG 600 2.00%
Synthetic Amorphous 20.00%
' Silica {Sylodent VP3)
- Synethetic Amorphous 6.00%
ppt Silica - thickener
Sodium bicarbonate - 1.99%
powdered
Pear] Mint Flavor 1.20%
- 95% Sodmum Lauryl 1.20%
 Sulfate granules
Carrageenan -
- Xanthan {).65%
CMCS 0.60%
Titanium dioxide 1.00%
Sodium fluoride 0.32%
Sodium saccharin 0.27%
_Amorphous silica blee 0.08%
Purified water 3%.00%
Total formula water 47.42%
CTOTAL 100%
MRI Lo
{00033} Sample 6 was subjected to a Micro Robustness Test as described above for
Comparative Samples 1.5,
[00054) As shown, Sample 6 comprises a relatively high total fornmla water coment of

47 42%, while maintaining a strong MRI value of 1.0. The sample does not comprise glycerin or

stannous ions, and also does not comprise carrageenan.

]
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CLAIMS:

1. An oral care composition comprising;:

at least 40% total formula water by weight of the composition;

at least 14% sorbitol by weight of the composition; and

at least one thickening system chosen from (a) carrageenan and (b) a
combination of carboxymethyl cellulose and xanthan;

wherein the composition is free of glycerin and free of water-soluble
stannous ions,

wherein the composition is free of preservatives,

wherein less than 40% free water by weight of the composition is added to
the composition, and

wherein the composition has a Micro Robustness Index of at least 0.75.

2. The oral care composition according to claim 1, wherein the oral care composition

is a paste or gel.

3. The oral care composition according to claim 1 or 2, wherein the oral care

composition is a whitening composition.

4, The oral care composition according to any one of claims 1 to 3, further comprising

from 15% to 30% of at least one abrasive by weight of the composition.

5. The oral care composition according to claim 4, wherein the at least one abrasive is

a silica abrasive.

6. The oral care composition according to any one of claims 1 to 5, wherein the at least

one thickening system is carrageenan.

7. The oral care composition according to claim 6, wherein the carrageenan is present
in the composition in an amount ranging from 0.05% to 1.1% by weight of the

composition.
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10.

11.

12.

13.

14.

15.

16.

17.

The oral care composition according to any one of claims 1 to 5, wherein the at least

one thickening system comprises carboxymethyl cellulose and xanthan.

The oral care composition according to claim 8, wherein the carboxymethyl cellulose

has a cellulose chain length ranging from 8 to 12 cellulose units.

The oral care composition according to claim 9, wherein the carboxymethyl cellulose

has a cellulose chain length of 8 cellulose units.

The oral care composition according to any one of claims 8 to 10, wherein the
carboxymethyl cellulose and xanthan are each independently present in the

composition in an amount ranging from 0.5% to 1% by weight of the composition.

The oral care composition according to any one of claims 8 to 11, wherein the
carboxymethyl cellulose is present in the composition in an amount of 0.60% and
the xanthan is present in the composition in an amount of 0.65% by weight of the

composition.

The oral care composition according to any one of claims 1 to 12, wherein the Micro

Robustness Index is at least 0.80.

The oral care composition according to any one of claims 1 to 13, wherein the Micro

Robustness Index is at least 0.90.

The oral care composition according to any one of claims 1 to 14, wherein the Micro

Robustness Index is at least 0.95.

The oral care composition according to any one of claims 1 to 15, wherein the

composition is free of antibacterial agents.

The oral care composition according to any one of claims 1 to 16, wherein the
composition further comprises at least one additional ingredient chosen from

whitening and bleaching agents, bicarbonate salts, pH modifiers, surfactants, foam
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modulators, viscosity modifiers, sweeteners, flavorants, colorants, anticaries agents,
anticalculus agents, tartar control agents, anti-plaque agents, breath freshening

agents, anti-inflammatory agents, enzymes, vitamins and anti-adhesion agents.

18.  The oral care composition according to any one of claims 1 to 17, wherein the

sorbitol is present in an amount of at least 20% by weight of the composition.
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