H GH CLEANI NG AND LOW ABRASI ON SI LI CA MATERI ALS TO MODULATE ENTRAPMENT AND
RELEASE QF HYDROPHOBI C ACTI VES | N DENTAL FORMULATI ONS CROSS REFERENCE TO
RELATED ABBAEAFIORS [ 0001] This application clains pri 8??&52918/0@.9%5.

Provi si onal Patent Application No. 61/287,300, filed on 17 Decenber 2009,
which is incorporated herein by reference. FIELD OF THE | NVENTI ON [ 0002]
The present enbodi nents relate to dentifrice conpositions, and nore
particularly, dentifrice conpositions containing high cleaning and | ow

abr asi on si | QICHREEERNINGARBLON AIEASROSSIICAEA TR IALS YO {1 avor

conpounds. The present enbodinments also relate to dentifrice conpositions
cont ai ni NGMID D ULA TERENTR APMENTVANDREDPASEIOE HYDROPTHOBICACTIVES! the
retention and delivery of effective anbunts of actives and/or

rem neralizing agents. [000BY DENFALK@RMGhATEONSs to uni que dentifrice
fornul ati ons containing abrasives in the formof in situ generated
conpositions of precipitated silicas and gel silicas. These dentifrices

cxh b var! ous benet O A T Sk B P TSR L S 2,
A N T T A
unexpect o Hnekt HAL o MPHA LI EAED ARANMES A AY RGP PRUERENY |

an inner dentin layer and an outer hard enanel |ayer that is the protective
| ayer of the tooth. The enanel |ayer of a tooth is naturally an opaque

white or slightly off-white ¢oton.Of THEEINVERTRORTElI | ayer that can becone
1 SUBSTI TUTE SHEET (RULE 26) WD Z0TI70846/6PCI7US2010/ 060975 st ai ned or

di scol or gd002]hegitas@it ehayrlimehtsaela@otddérgifeiorponpdsitibné)yaidaxyspat i t e

m neral crystals that create a sonewhat porous surface. It is believed that
t hi s por qustioatrlyedeaftiftie cempositiohayentairsnghegh dbdning asddowiabgasgent s and
di scol oring substances to Eer meate the enanel and discolor the_tooth 100051
Many subssilarageasterialsttogoptnos the retantioorang delivesyrebflavorcompamds thheon a daily
basis can "stain" or reduce the "whiteness" of their teeth. In particular,
t he foodspre@%ﬁgmdw@aﬁﬁ%o %eF%ﬁ%ﬁgﬁ@ﬁ%sxtwsgﬁat%@ngé’é& hat one

dt in the teeth. Th bst t t
ccuml at QB RS SRy SR E BOTR 408 RERUPDEM REPET 1 m over
the teeth, t.alni .and_dj gy : t th te th
enamet | Ay Rr S RO A RN RPREES, “Toar o but [ mparts &

noticeab L[gﬂ(??g\s}g{?%ﬂ{‘/@h{ﬁﬂ r%l%g/ets he uﬁ[ﬁégﬁderﬁftfrié’@ﬁ)'rﬁ*&l%r@ conBHRBl; Madsése

subst anc Istorica been In dentifrice conpositions to renove

various dgpRéfdren 8V s%tﬁ%%h@f&%&? céﬂﬂ?bsi@i@ﬁs 6ﬁy&_@i;ﬁt&éﬁ tifiedshartll gal@tiRaat i on.
These deposits and substances sonetinmes conme in the formof pellicle film
whi ch ti dgitidsy dedtifices ekloibitharione bnefidalahasaseristice bhsadd @t tHermstic@lppear ance.
Silica dental abrasives of various types are preferred because of their

uni que bestefciure apil sextaep chemitrydefrtha high demiing aaddopalbrasionypddf or mance

wi t hout undul.é(I abradi ng tooth enanel or dentin. [0007] Wth traditional

silica mgebfibgasabrasiges they contaimi Bepengingonsthe postictanparasieses eathsst ai n
removal and aprasion, with increnmental gai.ns in cl eanjn er f or mance

resul ti nglﬁ%ﬁlcgg"gzwﬁ%élﬁﬁasivﬁéfrtgé‘slé"?rﬁl%‘?ﬁ la‘t%ﬁ?%e\?’fe&}?eg‘?ﬁgagﬁ‘ﬂaggie\?e, when
cl eani ng, shoul d, not rmthe tooth., Thus, standard appr.oaches to

rechani SaHE] 3 sRbOS g v s EntER eft agPiines FofHel ARBHEES "7 ends
facilitated by industry | eaders have focused on an attenpt to convince the
profession that dentifrice abrasive properties can facilitate tooth-wear,

especially during prol onged exposgaerirEeNDfromdi etary sources. The
current limtations of novel high cleaning Silica technol ogi es have

resul t ed [pgpo/ A&Wth is comprised of an inner dentin layer and an outer hard enamel layer

that is the protective layer of the tooth. The enamel layer of a tooth is naturally an

opaque white or slightly off-white color. It is this enamel layer that can become

1
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WO 2011/ 084676PCT/ US2010/ 060975 general i zed nmar ket need for the devel opnent
of high cleaning materials that provide superior stain renoving, while
suppor ti /yoaoiwssd7evel of abrasivity in whitening produetsush@0086]o75 avor
is one of the nore inportant attributes of any product that is applied or
ingested orally, including but not imted to foods, drinks, nedications
and oral hygi ene products, such as toothpaste. The gol den years of flavor
research in the United States were the 1960's and 1970's, nostly within the
food industry [Reineccius, G (1999) Sourcebook of Flavors, 2nd Edition.
Aspen Publishers Inc. ] and since then nunerous nethodol ogi es have been
made avajl abl e to quanti flav I.f 10

charact%??§¥#%%am? O&Fiq%%§ &c(gﬁ%ﬁgqgga#%%}%?Pgﬂgmgég%?%g%§%i u?gatheir
own cheliatfay cAREhITRYat RERE AGbntRAERIFbLY sifthée. T{ B bRliccaIpQURKS, therefore
flavor release“profiling becones a typical step in the devel opnent and/ or
substi t poiams mftusnyf thewnaetet tdyalr is what gilven spriohgrgento@idHisthrirgeal next
generation high cleaning dentifrice should possess sonme uni queness in terns
of its pubsiencesdp pasmepiedhe |e@9rr\eé@1@<ﬁ1dﬂ%§ﬁk§rt§eif?@f@nsi ty. The next generation

dentifri 0 shqul d haye sensory nmouthf eel attri e d/or Aar
additiohﬁﬁSfﬁ@?&bﬁﬁF%HmS%ﬁE#f¥P@?6%i&TgEP§F“§8F?S&8Fggﬁﬁg?aghégéfg% oses
dent |1 1'hG&s QPRSI o BSLACIHLUHIInEEL 2 el FRANCRG LOLARE ARERbG, e 11T ca
conposites conprising 10 to 60% by volunme of silica gel with a |linseed oi
absor pt t¢Bache pyredictd 88d andd4 Sechdd 80gd JobR 2hatbre cdPstimeddend t363j1Y42 al so
di scl oses dentifrice conpositions including in situ produced

gel / pr etheicett. §hest pradwtnposibssanceshend snprssimelateye theppmeldayero2o to

85% by volune of silica gel, with a |jnse il apsorption.between 100 and
150 ni/ ilﬁﬁ)’ij’.()thﬁ\lag@?ﬁrgél R?g]éﬂeﬁl@ QAT idaﬁgeeglg'rﬁ?qsfa isgaém@&@%gfh[sg%lggmgom ai ni ng
such ab i t hat LIl : 4 { 1,0+

Raci oactTUR TR A Bertaeg R o P T S e e 7L b
val ue betigen2H Bt iSParidd Béticeablé disdirdtiomalf thé cheidbehoadiotieti20 and
about 80. °[0013] US Patent Application 2006/0140878 (filed Jun 29, 2006)
di scl os§00dE rthirésiive subsiapasitaversstovinplly beeh ufedairod gduise gprgiositiasdd

silica particles, wherein the %$Iica particles exhibit a linfeed oi

absor pt FEROBRVAEEHS PR W FHOSINSSS that ABERIPOFHECH 9oL dhsPioraton

Sbout -1 98e5 A bus S S TRRHCb: AReBARY S I b iten Bt Pl PRIHERR,
ratio b%%l“ﬁ?%c@m@& Ble lodih drf0ditke IS yRRERTr brodRbapSérdh&c| S8ies dantdln situ

produced~gel/precipitate silica conpoSite, wherein the conposite is

conpr i setiratvdsrabvabiots tHdd dry prefeureel lnfcassd oicthegalniniit frege tRDA (Pellicle
Cl eaning Ratio: Radioactive Dentin Abrasion) ratiq of fromabout 0.45 to
about 0excepdiopaRdenialeleppingaan ppbthing GeHvamepee Wahwud urdnly ab@ding at nost
240. [O %gg TheegeSﬁriBtion herein of certain advantages and di sadvant ages
of knowCEBPEEIE CoMET Het hods, and apparatus is not intended to linit the
scope ofgdohf veRR GBS stiRali§lekia® &lsUIn@el@onk R #aé@Metsert he case nmay
be). Indeed, certain enbodi nents may incl ude one or nore known conpounds,
met hods m&haappbstatiiigeenditdand auhdien] withfinarmnidrgalgfoneimentnioged

di sadvant ages. SUMVARY [0016] This invention enbodies dentifrices

utilizi mgrioyange ssuitiginviighifisaapicreass in HERtiRPETIHYIEY B APESHE ween

I t t .ecipit d sili [ d high t t -1k
o1 1 caus W QRBH AR A0t RRT iy SBERLTI ZLa T TBGUPA Bt He et ention
and 1 el 356,00,y JLARDONLG GRTRAUAMS, §Ridikher | morove of ganopl ecti ¢

acceptability or’to provide n erapeuti ¢ and/ or sensory benefits.
[0017] §suus] evdedd faeiitstetliieindsetrgfledddys hdve f@tispil bataddtgahpt tke silicas
that are prone to retaining hydrophobic aromatic conpounds such as flavor
conponenosvﬂmhﬂmhpsﬁbgéqudﬁﬂUénﬁéW%béﬂﬁéNéagéﬁmﬂ@ﬁFﬁ@ﬁbﬁh@ﬁ?Hgﬁhﬁﬁﬁging an
unusual flavaqr-related sensqr erceptio So enbodi nmen al so y
containeﬁﬁxﬁﬁkéé?PV%FW “@8%f%68@€?é§@?7 Qﬁigﬁﬁﬁﬁéﬁgr tﬁ?CB?EQPB

rem neral i.zj i bt 10Nt LA : Heppsi ted on the
toot h sﬁpyggggﬁggEQ%ng ﬁ%@ﬂ%g%%g?a2%%ggﬁ§%g%§?%§ﬁ%ghggﬁg%bntain an

ef fective anobunt of suitable cosnetic and/or therapeutic actives. Such
actives include any material that is generally considered safe for use in
the oral cavity and that provides chamdjes to the overal|l appearance and/or
health of the oral cavity, including, but not limted to, anti-calculus
agents, fluoride ion sources, stannous ion sources, whitening agents,
antimcrobial, anti-plaque agents, anti-inflanmatory agents, nutrients,
antioxidants, anti-viral agents, anal gesic and anesthetic agents, H 2

ant agoni sts, and m xtures thereof. Wen present, the |evel of cosnetic
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necessarily or solely function in accordance with its classification herein
when it is used in any given conposition. [0020] Al publications, patent
appl i cat iwootiasd7cssued patents mentioned herein are hecehs20mo609pdr at ed
intheir entirety by reference. The citation of docunents does not
constitute an adm ssion that those docunents are prior art or have any

rel evance to the patentability of the invention disclosed herein. Any

di scussi on of the content of docunents cited in the Introduction is
intended nerely to provide a general summary of assertions made by the

aut hors of the docunents, and does not constitute an adm ssion as to the
accuracy of 1.he,conten f 0 ngﬁé' i<piLon and
specifiém¥§ﬁhﬁW%§FH%é%¢%§%fﬁg#%gégﬁgggﬁ%%gP%%%?%i%yﬁgge |n§éﬁﬁ%%ﬂ, are
i”tendegréﬂaee&g&%ﬁ&aﬁ{rérﬁéxuﬁ%;,r@vwle@uppbw 81K eeniof abtandedirt o 11 mt
the scope of the invention. Mreover, recitation of nultiple enbodi nents
havi ng sthiteeithd padditces is not intended to exclude other enbodi nents having

addi tional features, or other enbodinents_incorgoratggg diﬂferent.
conbi nafQ089k Flswvor eong af e rees ey tardpékiliytes asamp PERAugt dhakig opabad s or

il i . . he. it hod
e e Y ROReS o, o 0 P A P RRRR LRI R Pt hods
to be awg{%ﬁ@ﬁ;‘%ﬁ&ag&'s%ch%ttoafh\fﬁ@toeeﬁ“‘]ﬁe%sb[ﬂ‘éi{ yseeﬁé of RhSol feRchan thave, or

have no ee e or tested. [0022 used herein, the words "preferred”
and " pr efrefed®tites mefrenhé 096 Hand MeNY’'s, rabstiheviihin e faanl indlatstraf f or d certain
benefits, under certain circunstances. However, other enbodi nents al so may

be pref BRetvasciunder199% Seursbopk of kv ass radnedisivne SSPewy '3 P_ﬂ?@?l’ﬁf? énc.thhe
mbod neht smseehTRIUTEEPY Mehae e REaRa B o eep s i ™ "
enbodi ”ﬁaeér, &érﬁggéniggn§ GRRS1Rb: FOEad 1 ERLI0sid: 0P phaisethdienel n

"conprisin asses "consisting o "“consi sting essentially of."

As usedp{geghIR usbieomeishte itRel vde Cheamidtrytahdvakl antesactidifferenelydedht o be
non-limting, such that recitation of itenms in a list is not to the
excl usi flavof cahpeundthe@idreGB16T 6EeTsLUSZOLBYOBBINS S|4 typida siep inHBe may

al so be useful in %ge materj al s, ?ongositions, devi ces, an Pethods of this
i nvent i 8avelpporEat apd/ gs gePHEREPH Of e r?%ﬁ%@“%ﬁ%ﬂ%a8Wﬁ§hp%ﬁ€F'ed to the

val ue f r apeter i+t | r .Sl i.on,

i ndi cat g@lp }123 et@%al glgrfg%?rgetrgﬁﬁ}?g?élﬁ %lggﬁgsﬁ%g% 9%?&1? rgos\'s/%?éﬁsg%e?l OWs sone
shight i BRARGHSE BteWink R HRVE AdedseSpilesil@nticatioafdneicintamityhdehaxical or
physical attributes of the conposition or nethod. If, for sone reason, the
| Npr eci generapibovieteidrityalsabbotld haverrensotyhmontsfeciattiareieseddy ar ehe art with
this ordinary neaning, then "about" as used herein indicates a possible
variatiéddﬁﬂﬂﬁ%ﬂﬁﬁaB@Hmﬁb@ﬁ%ﬁvalue. [ 0025] All percentages used herein are

by wei gh t ot.al {fric 0 it | . i cified.
Ther st 1 TL ke Ty 8P AR Lol sh s F PO s P BB RN BT SRET

unl ess ] iditR8 silh! Hgﬁﬁit@?@@rﬂ $isAHel MRA) B by ARTumienifess
othermﬁgégg%%%ﬁ%ﬁzgsgﬁ%gggfﬂgéCSS d throug oﬁtf§¥anges a?e used as a

shor t hasilich @el desca lihsaeg @halbsoaptonbetwearal Ubanddb0 ird. AU00PI n t he range. Any
value within the range can be selected as the term nus of the range. [0027]
Her ei n, (0032} &65iRes. MR A0, 74balse disrlesed aisntificerpprpsiings BICleSRBARi ti on
sufficient to sigpificantly induce a positi benef i t r ef oral
heal t h BEH&FPHUCE]gely BWCéWg?fSﬁﬂlcﬁ QU G ey ¥§ﬁ§og}p(§’51téésr ?reecctogr,[l&?é.% (?fnt 0
provi de B ' b@ oilMHsBE 4t 0 UG t of a
B 11 a2 P B e B B e e on 1 ¢ he
or di nar ynlcoMuge Albo Akl ded tar@ihidus dentifricei dongmisiitdoad dontsindhd swerd f or

purposes of system c adm nistration of particular therapeutic_agents, but
i s rat hebrasitesithedexhibit hd’@R aRDa(Pellicle srleaning datisuRpdiqastve Qﬁrt%)é‘nt act
substantially all_ of the toot rfaces,and/ oral .tissues, for-Jurposes of
oral actARpgign) Wt%?ﬁé?ﬂ%@“é@r@ggi © §38faF%ﬁ?18§§ PRV AR %Cg be in
t he for ghof A T m "dentifrice," as used
herein,gﬁﬁ%ﬁga%gg%gggibgggﬁ¥%$ﬁﬁ¥gﬁgg%§ddgﬁ%§gbbthermﬁse specified. The WO
2011/ 084676PCT/ US2010/ 060975 dentifrice conposition may be in any desired
form such as deep striped, surface striped, nulti-layered, having the gel
surroundi ng the paste, or any conbinat}on thereof. [0029] Wiile the
specification concludes with clains particularly pointing out and
distinctly claimng the invention, it is believed that the present
invention will be better understood fromthe foll ow ng description of
preferred enbodi nents. [0030] This invention enbodies the use of high

cl eaning and | ow abrasion silica materials to control the retention and
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[ 0031] The entrapment of flavor can further be enhanced by the unique
colloidal network (5 tines the G value relative to a conventional high

cl eani ng WOI20TI208444€S) Wi thin the |inear viscoel astic regCconsat1026$ oadi nQ)
formed by the hybrid silicas. [0032] Synthetic precipitated silica powders
generally are produced by the destabilization and precipitation of

anor phous silica fromsoluble alkaline silicate by the addition of m neral
acid or acid gases. Under such conditions, primary particles are formed and
subsequent|ly associate with each other to form aggregates of various sizes
[ Davi s, ., and Wnter, P. J., (1976) "Measurenent In vitro of Enanel

W B
Ab [ ifrige". J. : 197 : ¥..and
St ot uPTS) O GhL&BRlicaouhFey OTERYS (Bt i ol B AR EL P

on the §8§1?0§itﬁ)nrs%@ﬁ{cﬂr%d%%qﬁéﬂ s ptBaplte&l dilid0p MR Edspivhat@nitke separ at ed
fromthe aqueous fraction of the reaction mxture by filtering, washing,
and drykiliga paetdduedsbitanihsehd il disodpti@dbpmostnci0 drsl Heotafii0ogl Iy milled in
order to provide a suitable particle size and size distribution. [0033] All
st eps arddii, shis@ppbicelarn disslases ﬂén’ftlfhéceﬁﬁ?&?%éﬂm%é?%’ﬁ’ DERIFNg fties of
t he final oduct, .so t Lficathens to the sili por rugture and
nnrphol§§§E%ﬁﬁ”%%“ﬁ%ﬁﬂgggﬁngﬁﬁgﬁ' E%E@Eé#ﬁﬁﬁ”?ﬁlghgugg%g%yf%ﬁi?ﬁéa

product ipptk. S b&uwen(BROEN $.1used, rate of reaction, filtering and
dryi ng, andﬁggfﬁﬁng. Thgn ownsi des of sone of the nodifications are, for
exanpl e [@U14] US easat 7,806 P8Radis0losed an ansitlerodineid ddfigrecipithandieai n

structural properties that causes a rheol ogical inbaI%nce, requiring

r ef or nukamiposite Avheteso thehenrmpesits idicamprissliafifram 5 tedlar by wiolumpef sidisabl e of
nmodi fying, th ing st described herein.to.vary the .physical,  and
cheni oaEehrope b BN Beli PR BT krR RHUSaHEPFRGS A svPELERE e

[ 00341 Tiag, SbbiCR45 S0 7 I PERePud BRI U0 LAIARD! 2d hEDHA

formul ations are not so specific in terns of pore size distribution and

sur f ace|GReRT st st 28). preci se control over these aaributes tends to
increase the material costs sg%nificantly. As a result, commercial oral
care gr §id5siTheckscripnemherean wi dertaioraelventaged iastirdibadvaoagsi o iknomal udes

m cropores (<2nnm), mesopores (2-50nm and nacrapores. (> 50nm .. The
nesopor ESMERREIIERET BYS , aRe aPRaratys KR Ipfeadedripdpait Ahe seORsOfthe il i ca,

and retention_and s nt . del i : Y b r ed by the
nnrphol88&“%%%QEEVP§§§§3$§%%¥%.%%¥§?X?ﬁéé%§ﬁ%ﬁgs%ﬁgﬁggﬁs?“f%%%%%k ?% of the
pref er r eghiRidiineass bl lihd8de oReldd gndHeaG RN LAVPOUNESD, hsthodsi s€aseuant i onal
precipitated silicas” described above in that it is a conbination of an in
si tu f omtdtawsubferigelfrandhpréoepitatieteddishdaantdgeh silica materials are
described in, WO 2011/084676PCT/ US2010/ 060975 for exanple, U S. Patent
Application Publication Nos. 2006/0110338, 2006/0110307, 2006/0110339,

2006/ 0110336, and 2006/ 0140878, t%ﬁighgggﬁéures of each of which are

i ncorporated by reference herein i ntirety. The in situ formed ge
disclosggﬂFLq%%gnzkg?g&ﬁgﬁﬁ%%%%%§gg%8%iﬁ?gag%gggﬁggﬁgg%%gggﬁﬁgbsiIica gel

i s for meghtfdre $itterrbdiatgbetadaint lbonstofictaeé grdcipisatbd cHicas (dhrhsive) avashi ng or
purification. In a subsequent step within the sane process, a precipitated
silica mgharistiucturegebdike gilicas tihitkentny)t aumh thatimey be yédized tomadulpeat e and
acid material. . The nethodol of .creating this hybrid gelled and

preci pi 1 Bdedion aad peleass of rpgpﬂﬁgﬁgngg}%ldsetgce}/ﬁ%gﬁ 119§§%Veq bef or e

washi ng ' 1.4 LOVI ST e of

o 11 ca Sr Bl o R o A R g

cont r ol [0019] Ebgedehbddinires hpikdeaise of dybeid Jgieeipiesed tgdldila sitidaethat arthat has
di stinct physical properties, e.g. pore structure and norphol ogy. [0036] A
pr ef er r pdoreryoditatang by didpdhobivaneniasit dosnpoweds $udch asdlavercamypongntshe above

d i bed .silica. Such nmbqdi ] tain, f. I 10-30% b

i gt N B DB o O S TG LS A Do SOr R G FPRODr der o
i ght S . _ br der

A A R e S R

sodium |l auryl sulfate (SLS), used to keep the flavor emulsified. [0037] In
the preferred enbodi nent, the flavor conpound would exhibit a |l ogarithmc
partition (log P) value of 2.0 or greadter. The Partition (P) coefficient is
the ratio of concentrations of a conpound in the two phases of a m xture of
two i nm scible solvents at equilibrium Hence this coefficient is a neasure
of differential solubility of the conpound between these two solvents. In
the case of flavorants, the higher the P (and logarithmc P), the greater

t he hydrophobic nature of the flavor conmpound. WO
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[ 0043] The conpositions also may include an alkali netal bicarbonate salt.
Al kali metal bicarbonate salts are soluble in water and unl ess stabilized,
tend to rwbeas@se@sbon di oxi de i n an agueous system SodCumsbéioasidohat e,

al so known as baking soda, is the preferred al kali netal bicarbonate salt.
The al kali metal bicarbonate salt also functions as a buffering agent. The
present conposition may contain fromabout 0.5%to about 50% preferably
fromabout 0.5%to about 30% nore preferably from about 2% to about 20%
and nost preferably fromabout 5% to about 18% of an al kali netal

bi carbonate salt, by weight of the dentifrice conposition. [0044] The
conposi tions, alsq Dris oy senr 0 as
sudsi ngaﬁé’éﬁﬁ‘%&kaéﬁ'ﬁ%ﬁ%ﬁg%@&r %gfg%pgﬁ%?gﬁ?%})lg%§?ﬁg are %{eeéﬁ(gsfé%gb stet abl e
and foagggthrsgygb@%oab%ggn H range. The surfactant nmay be anionic,

noni oni ¢, anphoteric, zwitterionic, cationic, or mxtures thereof. Anionic
sur f act {0918] Gehédmbedhents med judenthimeaveff ertiveaimbiiet efauigbbf cesinkgtic sul f at es

having from8 to 20 carbon atons in the_ al kyl radi C%llot (e.qg., sagg; um al kyl
sul f at epndAer thesapeittiracsioraisivehasives Brcludg panmaerAohebiscderadls of fatty

i ds havi f 8 20 b J ) i I I d
oci 0o Nl 201 8,1,20 £ bop 2L SR UM B Ml L4 gt um
2011/ 084GAGRCHLUSAOIO QOB 10lor I-0N CibMIdiAg] B SofmlBiSotame. O her

sui tabl e*anionic surfactants are sarcosinates, such as sodi um | aur oyl
sar cosi aaktglustapentd daorisledonBoliaus yWtarmdfsdanabates, whiteoing agendy lanti-

i sethionate, sodiumlaureth carboxylate, and sodi um dodecyl
benzenesuffahialt antiiplaqus agenes, aati-onREBator § eeantss e HIEES SE LIRS oy ed.

Ma i tabl i oni f.act ant di scl by Agrical t.al., US.
Pat, NoAnG: G5 SR FRQHE REY D55 167 6ET ootio; “NAAPRTE O/ T AATER s t ha
can be §§%§O%QVBQ$ %%@HpﬁhékR%fo%ﬁ%n@ﬁﬂ@ﬂk%M%Qhéﬁ%kﬁﬁgféévéﬁﬂﬂﬁﬂndS

produce he co nsdtion o yl ene oxi de groups (hydrophilic in

nat ur e) qehfifri@ns ahaaei Enhydnhepiohint aboapouitvbiabourad%bm atethbat i ¢ or

al kyl -aromatic in nature. Exanples of suitable nonionic surfactants include
pol oxanendodsmiedt frodeabeutdiel % deebEILIUREM a6} in amithexgmbhdinaert from

pol yoxyet hyl ene sor bi t esters (so under. .trade nane TWEENSg), Pol yoxyl
40 hydré@@%%@édD%%%%%ﬁgﬁ%kgYWﬁPgét%égﬁﬁg¥“%?ﬂ%xylates, pol yet hyl ene oxi de
condensat es of al kyl phenols, products derived fromthe condensati on of
et hyl ene oxide with the reaction product of propylene oxide and ethyl ene
di am ne, ethyl ene oxide condpriesbhEsCrRIbaldON al cohol s, | ong chain
tertiary amne oxides, |long chain tertiary phosphi ne oxides, |ong chain
di al kyl [6019f Toxifdéswirandefimixions esdaforskimitinggeidedires sl dadpepérotseddared
surfactants useful in the present invention can be_brgﬁdhy ﬂescrib d as
derivatﬂW@%“@WH&IﬂEﬁ#ﬁF@P@@Béﬁ@%ﬁV“@ﬁﬁoﬁéﬁfﬁﬁayh%ﬁ¥%e ¢ HeRingR (U5

aliphatic.padi cal can _he.a strai.ght ,chai . of
the ali Bﬁa{s? _gfﬁBgﬁi £l nls_émggﬁ{yai AR %ﬁl? eﬁbércggggﬁﬁ%ggﬂ%e%f}{n?r odr%ﬁzt ons
and one f&ogéx@rglso:gan&aﬁeﬁ'o@ YRS vieh WRe HiselRErdb O inPerltion, Galdag¥yloat e,
sul fonat e,”sul fat &, phosphate, or phosphonate. O her suitable anphoteric

sur f act ameadad €o liatiathredisclopeei dfithalinyerntooarm agpaspeyt theeeedi he paMictlar es of
amphoteric surfactants can al so be enpl gyed. My of thesE sui t abl e

noni oni subjeet maphbdisciosed im thet Baskgreuwnd gmey| ipsladesypeste ok E2C8NOKISY in U. S.
Pat. No. 4,051,234. The present conposition typically.c ri.ses e or nore
cur t act AMHARAHEA e & PETBI BT AOaBbUPE 0 sBh g 10RO BEor AR

2011/ 08%9%%%’9&(3&{??93%16}@@%%@&&% iPh6T £ aBlotishivermr abRifle@ 5% to about

8% and nost prefera rom about 1% to about 6% by weight of the
conposi WiRlosul&0Af]e chitirantope di txiideeniyn at soy bmbadidedntsathetmipr esent
conposition. Titaniumdioxide is a white powder which adds opacity to the
conposi Glass#ficationani disaussioni ofe etrsiad Wivhiasnsetien of this sPassatien 289 t o
about 5% by weight of the composition.,[0047] Colori.ng .agent.s al so be
added t GVHE %Pé%marCWS(ngi"@ﬁ. e*l*?'%a%o%‘iﬂ‘fenfra?ge%fnﬁ’gﬁngéeélﬁn{gﬁ% f or m of
an aque ) | . e 19 j i i wat er .
S e s Nl A St
of the conposition. [0048] Sweetening agents can be added to the
conpositions. These include saccharin, dextrose, sucrose, |actose, xylitol,
mal t ose, |evul ose, aspartame, sodium dyclamate, D-tryptophan,

di hydr ochal cones, acesul fame, and m xtures thereof. Various coloring agents
may al so be incorporated in the present invention. Sweetening agents and
coloring agents are generally used in toothpastes at |evels of from about
0.005%to about 5% by weight of the conposition. [0049] The present
invention may al so include other agents, such as antim crobial agents.
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WO 2011/ 084676PCT/ US2010/ 060975 [ 0051] An herbal agent, including but not
limted to, golden thread extract, honeysuckl e extract, magnol ol, honokiol,
and ot herwbnomwnsikkesbal agents and m xtures thereof, al secmap2de/op9gsent in
the conpositions herein at |evels of fromabout 0.01%to about 0.05% Such
herbal agents are believed to provide antibacterial efficacy. Polyphenols
may further be included at |evels fromabout 0.01%to about 2% A preferred
pol yphenol is tea polyphenol. [0052] An effective anbunt of a desensitizing
agent may al so be incorporated into the present conpositions. The
desensitizing agents include those selected fromalkaline netal salts with
a chloride, nitrate,sulf or t f . |1 . Qr 1 num or
pol yrer P%%éﬁ?aegll%oﬁos%erﬁytf%g%%% U eC%§ ﬁ&eﬁ}cgggllt}el?S%gﬁ%%gﬁc%lﬁgg?n%?%?%}}&{amni um
nitrat eus@drnpg{imum@ﬁydo@ﬁ}%siﬁj)ﬁ‘ri c acid and sodiumcitrate. Preferred salts
are potassiummitrate, potassiumcitrate, and mixtures thereof. Such
desensi {020h ¢\ bpeblictiane, phtent gsEitations,. and isth&l pRants Nentibndd 8ef856. [ 0053]
The dentifrice conpositions may be a paste, gel, or any configuration or
combi natfohenehE iresirpomwied dn ﬁpﬁéﬁg@m%gwﬂ@rw i ihe dationm sIcHmses nay be a

t ube, . ot h tai itaple f di i th te. |
e, PUTR: O ST, SLNT, GoNLLIEE Bk s e, Lor, Ghshenel g, hacthepete, 11 @
physi Cal i 6Ra6ahe daLAIRATy B hedhva b BRIRRE RURkifl Sn8NERM.SdIPobY - Si de.

[ 0054] e prefer nts of the invention now wi I'l be explained in

nmor e detlad torltynt dred dcinh@vik B3ed kathiy BsrodtivtioaXaiftbededhseelfapqrobrid sie

met hodol ogy used in nmeasuring certain properties of the inventive

conposi general sEXANEY S aBseariphe niadefhyathsraurbpesadfehpdetiirents, podsBles et or der
to profile the flayor release, static h space GC- MS. experinents were
per f or nEQNLHHE 21 RSB %thg@r‘fﬁ‘i“ﬁ%r?g?ﬁég?_ntﬁf‘t %%?‘dﬂhea%é‘??r%%ded into a
20 sc ial. . Lakl i 0., R : I

compoun i1 F FBe HelriBRAELAY Sedl R LR ok B S e e 10
equi | i biratet{ol ae iBiedndeer o hu@poddsitE il dfrtior OfilyHnd dreatotamdndeieur for

t oot hpastes) in an incubator at 370C under mld agitation. After

equi | i bHatit gre scap? obtie invads pac dMeeoi ey ecditdiont dflmubiple emdwidiments300pt  of

headspace air fromthe f|ask via aytomated injection using a Gerstel MPS2
aut omat @avmgj sidfefdrriyet ismot Tnenge a%rdaae AheriGmRRHR Revips8l atili zed

fl avor ou t i.nLegt [ I : - I

190915- A3 AL Pl o gt A B R L R Bk MBS

di met hy hipody&ld exanes. %pé_cm@@wﬂpleglaﬂ@p%@a§d ®br DludBARVE pdBSbdedlok hBw25] | m
The col umm was operated in constant flow node, utilizing an MSD detector
and Hel tamake anldeuseathe icempgagionbhadovethddsngehstiorentivas andngddss r om 40 to
250C at 200C/ mn wth an_initial hold tine at 400C for 1.5 mn. Inlet was
set to Sppliditly stdedrptheraiee, aRRNPLINEENGaGhto herprepRigsergation thaf iYUD56] Resul ts

from conduyct.ed stati ¢. headspace GC- experiyrents show that all sanples of
the pr eS@%Od?wgﬁtﬁfécﬁlsrlgf’%?ﬁo%ﬁ?f‘\f\%eorl}@a‘W &%t’éo-efg%lﬁ%? g fegpeé# flavor than the
control (ﬁl'zgj W6 usBh IHeReiNRth AW Yerh&Pdafd ¥ piBerbBRodend, t405) . Exanple 1
with a CTAB of 107 retalns the st total flavor comnpared to the control,

r oughl y efddbod0¥en f9ad rtha shwegh tiometh&T MBo i bceB thin denbfiedunderacereaigi nal
i mprovenent, however, a decrease in CTAB to 79 or lower resulted in a
si gni f i elapemptapees dieweven atbergmbediyaents alsermpphe prefrietdouneer Hieound 8%

See Table 1 bel.ow . \/\%%011/0 4676PCT/ US2010/.060975 Table 1: Overall| flavor
Sor pt | offTPBLERERS FIlsy mTANGES, FHUDRTTOES 205 P SHOP L OB 08 Teq AP AT T

conpar € dnfRhs fd%Etnr Rl thaf &t b&Eh Fofl hQVQ ah i mGoNt rol .
Par anet g?\ﬁo%xan\é%ltg) zg)rrprfn 2 Eaxarrp e 3 Exarrprﬁsé 4 © a
intended to exclude other embodiments from the scope of the invention.
[0023] As used herein, “comprising” encompasses “consisting of” and “consisting
essentially of.” As used herein, the word “include,” and its variants, is intended to

be non-limiting, such that recitation of items in a list is not to the exclusion of other



Control Med Particle Size (urn) 9.3 12.6 13.1 14.0 7.0 Q| Absorpt.
(cc/100g) 105.0 126.0 114.0 95.0 64.0 CTAB (n2/g) 107.0 89.0 79.0 65.0 30.0
WO 2011/084676 PCT/US2010/060975

like items that may also be useful in the materials, compositions, devices, and
methods of this invention.

[0024] As used herein, the term “about” when applied to the value for a parameter
of a composition or method of this invention, indicates that the calculation or the
measurement of the value allows some slight imprecision without having a
substantial effect on the chemical or physical attributes of the composition or
method. If, for some reason, the imprecision provided by “about” is not otherwise
understood in the art with this ordinary meaning, then “about” as used herein
indicates a possible variation of up to 5% in the value.

[0025] All percentages used herein are by weight of the total dentifrice composition,
unless otherwise specified. The ratios used herein are weight ratios of the
respective components, unless otherwise specified. All measurements are made at
25°C, unless otherwise specified.

[0026] As used throughout, ranges are used as a 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.

[0027] Herein, “effective amount” means an amount of a compound or composition
sufficient to significantly induce a positive benefit, preferably an oral health benefit,
but low enough to avoid serious side effects, i.e., to provide a reasonable benefit to
risk ratio, within the sound judgment of a skilled artisan.

[0028] A dentifrice composition is a product, which in the ordinary course of
administration, is not intentionally swallowed for purposes of systemic
administration of particular therapeutic agents, but is rather retained in the oral
cavity for a time sufficient to contact substantially all of the tooth surfaces and /or
oral tissues for purposes of oral activity. A dentifrice composition of the present
invention may be in the form of a toothpaste or dentifrice. The term “dentifrice,” as

used herein, means paste or gel formulations unless otherwise specified. The
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dentifrice composition may be in any desired form, such as deep striped, surface
striped, multi-layered, having the gel surrounding the paste, or any combination
thereof.

[0029] While the specification concludes with claims particularly pointing out and
distinctly claiming the invention, it is believed that the present invention will be
better understood from the following description of preferred embodiments.
[0030] This invention embodies the use of high cleaning and low abrasion silica
materials to control the retention and delivery of flavor compounds that result in
unique sensory perception of flavors during brushing. The in situ formation of the
precipitate/ gel hybrid silica materials, preferably followed by a specifically
controlled milling process, preferably provides the silica with a particle size (e.g.,
median particle size of about 5-30 microns, preferably about 9-14 microns), and a
ratio of accessible to total pore volume of silica (CTAB (cetyl trimethyl ammonium
bromide) surface area of 60-110 m2/g, Oil Absorption of 80-130 cc/100 g,
CTAB/OA ratio of 0.7 to 1) that enables them to entrap an unusually high level of
hydrophobic compounds. Preferably, the CTAB surface area is from 85 to 110
m2/g. This ability of the silica results in modulating the release of flavors thereby
providing significant impact on consumer perception during brushing. At the same
time, the silicas provide a high clean and low abrasion performance relative to a
conventional high clean silica.

[0031] The entrapment of flavor can further be enhanced by the unique colloidal
network (5 times the G’ value relative to a conventional high cleaning silica (HCS)
within the linear viscoelastic region at 20% loading) formed by the hybrid silicas.
[0032] Synthetic precipitated silica powders generally are produced by the
destabilization and precipitation of amorphous silica from soluble alkaline silicate
by the addition of mineral acid or acid gases. Under such conditions, primary

particles are formed and subsequently associate with each other to form aggregates



124 125 134 131 146 Fl avor Retention 15.80% 14.50% 8. 10% 8. 90% 6. 80%

[ 0057] When total flavor released by the exanples is plotted agai nst CTAB

i n a statwetnrizls467egr essi on, increasi ng CTAB surface ar eaTASean®boo7s
correlates with greater retention of flavor conpounds (R2= 0.8998). The
observed correlation is exponential, explaining why a decrease in CTAB from
107 to 79 leads to a significant inprovenent, but a further decrease to 60
results in mninal additional inprovenent. The relatively high accessible
internal pore volunme of the hybrid silicais believed to allowit to
preferentially entrap flavor conpounds, which are essentially hydrophobic

| nat U oL 0T BIURHIRRER 1 o (1o9b ot VR Gf 1 dOTc T o eased.

[ 0058] | cas desScrib ery goo retai ni ng

hydr ophghhmel A adiof OO Esice MIc Dehe®eer, 550@0 |t Mae eetiphologyearebpornl y used
silica (Zeodent 105). This is believed to be due to the snaller pore

di anet estrggtlﬂeoﬁjha:mepmi'@ded pattidescont aggregao3rehightly deagsders e thech
| ar ger aval} abl e pore o ume Lor the WO 2011/Q84676PCT, USZO 0/ 060975
hydr oph8BFtic B HaRAEN qurﬁtE Sl PraCPIle s S EoiCeRRIr PO RAIERRYS esul t 5
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size and size distribution.
[0033] All steps are believed to contribute to the physical and chemical properties of
the final product, so that modifications to the silica pore structure and morphology
can be achieved through variation in any aspect of the production process, e.g.
reagents used, rate of reaction, filtering and drying, and milling. The downsides of
some of the modifications are, for example an increase in abrasion or, on the other
hand, a change in structural properties that causes a rheological imbalance,
requiring reformulation. A person having ordinary skill in the art will be capable of
modifying the processing steps described herein to vary the physical and chemical
properties of the silica, using the guidelines provided herein.
[0034] The silica materials that are commonly used in dentifrice formulations are
not so specific in terms of pore size distribution and surface chemistry, as precise
control over these attributes tends to increase the material costs significantly. As a
result, commercial oral care grade silicas contain a wide pore size distribution
which includes micropores (<2nm), mesopores (2-50nm) and macropores (> 50nm).
The mesopores and macropores are the “accessible surface area” of the silica, and
retention and subsequent delivery of actives would be controlled by the
morphology and surface properties at these length scales.
[0035] One of the preferred silicas utilized in the present invention is unlike
conventional precipitated silicas described above in that it is a combination of an in

situ formation of gel and precipitated silica. Such silica materials are described in,



Log PO (deg ) MW (g/mol) Density (g/cn8) Type of Conpound Characteristic
Aroma Carvone Laevo 2.08 230-231 150.22 0.958 tarpenoid carraway (-9S);
spear m ntwQ-2R)1/08i678. Al dehyde 2.2 240 132.16 1. 05 ar onmaCt/ishdelyadas

for example, U.S. Patent Application Publication Nos. 2006/0110338, 2006/0110307,
2006/0110339, 2006/0110336, and 2006 /0140878, the disclosures of each of which
are incorporated by reference herein in their entirety. The in situ formed gel and
precipitated silica particles can be made by any of the methods disclosed in the
afore-mentioned documents. In this process, a silica gel is formed first, through
addition of acid to silicate without washing or purification. In a subsequent step
within the same process, a precipitated silica material is created through additional
introduction of silicate and acid material. The methodology of creating this hybrid
gelled and precipitated silica material within the same reaction vessel before
washing, drying and milling provides the flexibility to create a range of silica
products of different cleaning and abrasive capabilities by controlling the gel to
precipitate ratio. The result is a material that has distinct physical properties, e.g.
pore structure and morphology.

[0036] A preferred embodiment of the invention is a dentifrice containing the above
described silica. Such an embodiment may contain, for example, 10-30% by weight
silica, prepared in a 0.2% aqueous Xanthan gum solution in order to maintain
homogeneity for at least several days. Then, a concentration of 0.5% by weight of a
flavor is added followed by addition of 0.5% by weight sodium lauryl sulfate (SLS),
used to keep the flavor emulsified.

[0037] In the preferred embodiment, the flavor compound would exhibit a
logarithmic partition (log P) value of 2.0 or greater. The Partition (P) coefficient is
the ratio of concentrations of a compound in the two phases of a mixture of two
immiscible solvents at equilibrium. Hence this coefficient is a measure of
differential solubility of the compound between these two solvents. In the case of
flavorants, the higher the P (and logarithmic P), the greater the hydrophobic nature

of the flavor compound.
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spi cy dnnanon Eugenol 2.27 254 164.2 1.067 guai acol, methoxyphenol spicy
dove Menthol 2.34 212 156.27 0.890 al cohol peppermnt, cooling Methyl
Sal i cyl atw02061082¢20- 224 152. 15 PCT/US2010/060975

[0038] In a preferred embodiment of the present invention, the flavorant is a
combination of one or more of the following flavor compounds that exhibiting a log
P of 2.0 or greater: Carvone Laevo, Cinnamic Aldehyde, Eugenol, Menthol, Methyl
Salicylate, Eucalyptol, Menthone, Isomenthone, Anethole, Menthyl Acetate,
Limonene. See Table 2 for particular specifications of these, and other,. flavorants.
[0039] The dentifrice compositions of the present invention could preferably
incorporate a remineralizing agent “built into” the silica Potential applications in
the delivery of therapeutic actives also exist. An example is the delivery of actives
for the prevention and mitigation of tooth ware. The hybrid is an ideal silica
material to employ in such an application, since it provides high cleaning with low
abrasion and capability to house actives within its large pore volume.
Remineralizing agents can be ‘built into” the silica surface to be deposited on the
tooth surface upon brushing. A similar approach has been employed in re-
mineralization of bone tissue for bone replacement and repair.

[0040] The present invention also may contain an effective amount of one or more
humectants. A humectant can help to keep the dentifrice composition from
hardening upon exposure to air, and it may provide a moist feel in the mouth.
Suitable humectants for use in the present invention include water, edible
polyhydric alcohols such as glycerin, sorbitol, xylitol, butylene glycol, polyethylene
glycol, propylene glycol, and combinations thereof. Sorbitol, glycerin, water, and
combinations thereof are preferred humectants. The humectant may be present in
an amount of from about 0.1% to about 99%, from about 0.5% to about 95%, and
from about 1% to about 90%.

[0041] The binder system may further comprise additional inorganic thickening
agents such as colloidal magnesium aluminum silicate or finely divided silica to

further improve texture. Additional inorganic thickening agents if present can be
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used in an amount from about 0.1% to about 15%, more preferably from about 0.1%
to about 5%, by weight of the dentifrice composition.

[0042] The present invention also may include a peroxide source in the
composition. The peroxide source may be selected from the group consisting of
hydrogen peroxide, calcium peroxide, urea peroxide, and mixtures thereof. The
preferred peroxide source is calcium peroxide. The following amounts represent
the amount of peroxide raw material, although the peroxide source may contain
ingredients other than the peroxide raw material. The present composition may
contain from about 0.01% to about 10%, preferably from about 0.1% to about 5%,
more preferably from about 0.2% to about 3%, and most preferably from about 0.3%
to about 0.8% of a peroxide source, by weight of the dentifrice composition.

[0043] The compositions also may include an alkali metal bicarbonate salt. Alkali
metal bicarbonate salts are soluble in water and unless stabilized, tend to release
carbon dioxide in an aqueous system. Sodium bicarbonate, also known as baking
soda, is the preferred alkali metal bicarbonate salt. The alkali metal bicarbonate salt
also functions as a buffering agent. The present composition may contain from
about 0.5% to about 50%, preferably from about 0.5% to about 30%, more preferably
from about 2% to about 20%, and most preferably from about 5% to about 18% of an
alkali metal bicarbonate salt, by weight of the dentifrice composition.

[0044] The compositions also may comprise surfactants, also commonly referred to
as sudsing agents. Suitable surfactants are those that are reasonably stable and
foam throughout a wide pH range. The surfactant may be anionic, nonionic,
amphoteric, zwitterionic, cationic, or mixtures thereof. Anionic surfactants useful
herein include the water-soluble salts of alkyl sulfates having from 8 to 20 carbon
atoms in the alkyl radical (e.g., sodium alkyl sulfate) and the water-soluble salts of
sulfonated monoglycerides of fatty acids having from 8 to 20 carbon atoms.

Sodium lauryl sulfate and sodium coconut monoglyceride sulfonates are examples
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of anionic surfactants of this type. Other suitable anionic surfactants are
sarcosinates, such as sodium lauroyl sarcosinate, taurates, sodium lauryl
sulfoacetate, sodium lauroyl isethionate, sodium laureth carboxylate, and sodium
dodecyl benzenesulfonate. Mixtures of anionic surfactants can also be employed.
Many suitable anionic surfactants are disclosed by Agricola et al., U.S. Pat. No.
3,959,458, issued May 25, 1976.

[0045] Nonionic surfactants that can be used in the compositions can broadly be
defined as compounds produced by the condensation of alkylene oxide groups
(hydrophilic in nature) with an organic hydrophobic compound which may be
aliphatic or alkyl-aromatic in nature. Examples of suitable nonionic surfactants
include poloxamers (sold under trade name PLURONIC®), polyoxyethylene,
polyoxyethylene sorbitan esters (sold under trade name TWEENS®), Polyoxyl 40
hydrogenated castor oil, fatty alcohol ethoxylates, polyethylene oxide condensates
of alkyl phenols, products derived from the condensation of ethylene oxide with the
reaction product of propylene oxide and ethylene diamine, ethylene oxide
condensates of aliphatic alcohols, long chain tertiary amine oxides, long chain
tertiary phosphine oxides, long chain dialkyl sulfoxides, and mixtures of such
materials. The amphoteric surfactants useful in the present invention can be
broadly described as derivatives of aliphatic secondary and tertiary amines in
which the aliphatic radical can be a straight chain or branched and wherein one of
the aliphatic substituents contains from about 8 to about 18 carbon atoms and one
contains an anionic water-solubilizing group, e.g., carboxylate, sulfonate, sulfate,
phosphate, or phosphonate. Other suitable amphoteric surfactants are betaines,
specifically cocamidopropyl betaine. Mixtures of amphoteric surfactants can also
be employed. Many of these suitable nonionic and amphoteric surfactants are
disclosed by Gieske et al. in U.S. Pat. No. 4,051,234. The present composition

typically comprises one or more surfactants each at a level of from about 0.25% to
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t er pene [0059] In order to quantify the flavor release profile as a
function of tine of the dentifrices, a device was designed to sinulate the
br ushi ng woaorgs4@ad an APCI M5 protocol was devel oped t @CrassuoA6iINE
intensity of various flavor conpounds over tine. In this set-up, a

wat er - j acked, conpletely sealed glass flask serves as the chanber in which
the toothpaste and artificial saliva are m xed, as during brushing. The
flask has three orifices, one permts air entry into the flask to purge the
sanpl e; the second is connected to the APClI-MS for gas analysis and the
third is used for the introduction of a brush connected to an electric |ab

m xer (sj nul s_brushi . This,la i £, | i1 ound t he
brush sﬂ%ﬁl‘ ]%Fof’i?rﬁfe&%ty[}g‘% If“oa-g \1/%96? /?Ee%%64trg§/?ﬁ %@eﬁ?ﬁ%{?fgégfyeggﬁ{pl ing, a 20
m plasgj /it 59B01186 % 0Bd Gebi it &F theebnositet hpast e gel and introduced
into thé&ﬁt?sb{(.t Th?rty m Iill‘T’ters of tgr are added and the brush is

i nt r oduedeé] Mtantue did-ddk nendalsobaediled to oh¢ beesehkermpGritient Hétapiumge gas
flowis then opened (flowrate = 100n/mn) the mxer is turned on at WO

2011/ 08487P&beE Ushie@osdenshicbaddshpapity §P ke A8 PPaitionst atta8IuWB] ati | e

rel ease and_ a portjon enters.the inle f the APCI - in t that is

heated HEBTSERTR Bica%ﬁﬁéﬁ?ﬂ?bﬂmﬁ)@'zg d° %ﬁﬁgﬁé’d%@ V{%}%%B?p%%ce i nsi de

t he insE&HﬁE‘ﬂioﬁaCh of the compounds is protonated giving primarily an M+l
e

ion (MT1s nmol ecul ar ion or parent ion) of a specific intensity. The

APCI - MB[0eae CoRbrit$h S nkayahlsobe addedaonie pragneirapositionf Theeotwimgul ar
ion and thus increases the possibility of successful 0i dentification and
accur at egeptanty becathoforof ovar pgueousopbetioripreisirally lab calougE 3888t EdApounds

ld h th I lar . i it i t | i hat . t h il
Pave. € NaISHE S SuORB LY CF PAGHECRETF DA arBP R B TRt TfbAEC SBAE” mmsses
bet ween éobaqlg éﬁp At %rp'ogn Soinits (uma) every 0.03 seconds and in the
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time be? a can, the instrunment performs fragnmentation and

scanni ng@B) bhRelddgiBaSs @hn HRREILHGo MRS 868 pobitiont eTéste inclitle
corresponding to the nolecular ions of the a particular flavor conposition.
Duri ng eachasxpéeitnese suabse,ilactosd, kgbit@dmabpse leotlase, esp@tamnautasiuand each

sanple is analyzed in tripl i,ﬁgctles #00611 At .t he end of each, experinment,
the out puelamate d)-tedtephary di fsPAlcoRes PErIAEN G 208 TBHIYES tt‘?’?ﬁ%gnsi ty over
time) f each flavor c oun Jryves represent
the var ?fé‘ﬂoéjlﬁ Cpi?rf%a??%ﬁ%nsalytéjscgkgilﬁ%%)%%q%%g% &[Eﬁ&lge%rﬁggr@?@g%%nds to one
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fl avor conpoun aries according to the silica type. The real tinme rel ease
of | i nofieme aboend.Basme to abatihd, bamtighr ofahe chmpmsdent.i fri ces nade with
control as well as with three inventive Exanples is shown in Tabl es1 3-6

bel ow. TH9bThgiptasensiayanton mrABlsLOTF uslsatBar g thedch §F gRETHEEP 3le| ease

of all flavor cqnmponents. Little delay in the,rel e . 0 and the
maxi wn@gﬁ?@n%?‘gggﬁgmom aigr‘?ngse%rg '§h Hfglusbg% %ﬁ&ca}f‘i’%ﬁé %ﬁ%}}s{cggbﬁgx anmpl e
2 (CTAB QUNESHAS! @Yetd phEhSRS@RPoMRM HiRludiFBpHRuE]
i nt ensi ?ég%trsgggkgggggls g Qand g gl flghtedsepay in tﬁgf)?el ease %flﬂgm?nt hone and
car vone ahiasi oifiviogs anshd yndapdynadk Parskapmatiehadophawls, ipsoperd bed can be
mani pul ated as described above to nodify flavor rel ease during brushing.
Pot ent i s depiyiatizas ibosphennbic gampouads angidhalagenptes daliomnilides ibkgzeicesh
breath. The dat resented in the tabl es bel ow wer stimated fr he
aroma r @?f@é%énﬁﬁ?\g%%ém faéflbér.‘h’lgglﬁ’rl?) gpﬁgm@a,saé\%ﬁ%&afsr r%hWﬁfeﬁSH%I ease
Rel ease ,( At 2pt30iddGe &ﬁéte%ngry%lﬁﬁﬁ’@uﬁ%ts )éngl%s—“oicmaarﬁéé sa’itszl-gmong

others. Triclosan monophosphate is a preferred additional water soluble

antimicrobial agent. The quaternary ammonium agents include those in which one

or two of the substitutes on the quaternary nitrogen has a carbon chain length

(typically alkyl group) from about 8 to about 20, typically from about 10 to about 18
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carbon atoms while the remaining substitutes (typically alkyl or benzyl group) have
a lower number of carbon atoms, such as from about 1 to about 7 carbon atoms,
typically methyl or ethyl groups. Dodecyl trimethyl ammonium bromide,
tetradecylpyridinium chloride, domiphen bromide, N-tetradecyl-4-ethyl
pyridinium chloride, dodecyl dimethyl (2-phenoxyethyl) ammonium bromide,
benzyl dimethylstearyl ammonium chloride, cetyl pyridinium chloride, quaternized
5-amino-1,3-bis(2-ethyl-hexyl)-5-methyl hexa hydropyrimidine, benzalkonium
chloride, benzethonium chloride and methyl benzethonium chloride are examplary
of typical quaternary ammonium antibacterial agents. Other compounds are bis[4-
(R-amino)-1-pyridinium] alkanes as disclosed in U.S. Pat. No. 4,206,215, issued Jun.
3, 1980, to Bailey.

[0050] Other antimicrobials such as copper bisglycinate, copper glycinate, zinc
citrate, and zinc lactate may also be included. Also useful are enzymes, including
endoglycosidase, papain, dextranase, mutanase, and mixtures thereof. Such agents
are disclosed in U.S. Pat. No. 2,946,725, Jul. 26, 1960, to Norris et al. and in U.S. Pat.
No. 4,051,234, Sep. 27, 1977 to Gieske et al. Specific antimicrobial agents include
chlorhexidine, triclosan, triclosan monophosphate, and flavor oils such as thymol.
Triclosan is a preferred antimicrobial agent for inclusion in the present
compositions. Triclosan and other agents of this type are disclosed in Parran, Jr. et
al., US. Pat. No. 5,015,466, issued May 14, 1991, and U.S. Pat. No. 4,894,220, Jan. 16,
1990 to Nabi et al. The water insoluble antimicrobial agents, water soluble agents,
and enzymes may be present in either the first or second dentifrice compositions.
The quaternary ammonium agents, stannous salts, and substituted guanidines are
preferably present in the second dentifrice composition. These agents may be
present at levels of from about 0.01% to about 1.5%, by weight of the dentifrice

composition.
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[0051] An herbal agent, including but not limited to, golden thread extract,
honeysuckle extract, magnolol, honokiol, and other known herbal agents and
mixtures thereof, also may be present in the compositions herein at levels of from
about 0.01% to about 0.05%. Such herbal agents are believed to provide anti-
bacterial efficacy. Polyphenols may further be included at levels from about 0.01%
to about 2%. A preferred polyphenol is tea polyphenol.

[0052] An effective amount of a desensitizing agent may also be incorporated into
the present compositions. The desensitizing agents include those selected from
alkaline metal salts with a chloride, nitrate sulfate, or acetate of a group 1l metal or
aluminum or polymerizable monomer to occlude the tubules, alkaline metal or
ammonium nitrate, ammonium oxylate, citric acid and sodium citrate. Preferred
salts are potassium nitrate, potassium citrate, and mixtures thereof. Such
desensitizing agents are disclosed in e.g., U.S. Pat. No. 5,718,885.

[0053] The dentifrice compositions may be a paste, gel, or any configuration or
combination thereof. The dispenser for the dentifrice compositions may be a tube,
pump, or any other container suitable for dispensing toothpaste. Ina dual phase
oral composition, each oral composition will be contained in a physically separated
compartment of a dispenser and dispensed side-by-side.

[0054] The preferred embodiments of the invention now will be explained in more
detail by the following examples. The examples also describe the methodology

used in measuring certain properties of the inventive compositions.

EXAMPLES
Example 1: Flavor Release Profiling
[0055] In order to profile the flavor release, static headspace GC-MS experiments
were performed under the following conditions: 2mL of sample was loaded into a

20mL screw cap vial specially designed to prevent leaking of flavor compounds
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from the headspace air in the vial. The samples were allowed to equilibrate for a set
period of time (10min for slurries and 1 hour for toothpastes) in an incubator at
370°C under mild agitation. After equilibration, a 2.5mL headspace syringe was
utilized to collect 300uL of headspace air from the flask via automated injection
using a Gerstel MPS2 automated injection system. The aliquot of HS air containing
volatilized flavor compounds was then injected into an Agilent GC column
(Model# 190915-433) packed with 5% diphenyl-polysiloxane and 95% dimethyl-
polysiloxane, with column dimensions of 0.25mm x 250um x 0.25um. The column
was operated in constant flow mode, utilizing an MSD detector and Helium as the
carrier gas. The oven temperature was ramped from 40 to 250°C at 20°C/min with
an initial hold time at 40°C for 1.5 min. Inlet was set to split-less mode and the total
run time was 12.50 min.

[0056] Results from conducted static headspace GC-MS experiments show that all
samples of the present intention retain anywhere from 8-16% more total flavor than
the control slurry, which was a commonly used silica (Zeodent 105). Example 1
with a CTAB of 107 retains the most total flavor compared to the control, roughly
15.80%. Decreasing the CTAB to 89 resulted in a marginal improvement, however,
a decrease in CTAB to 79 or lower resulted in a significant improvement in total

flavor retention, from 16% to around 8%. See Table 1 below:
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Table 1: Overall flavor sorption/retention by 20 wt% inventive examples (various
CTAB values) compared to 20wt% control. All variants retain more flavor than

control.

Parameter Example1 Example2 Example3 Example4 Control

Med Particle Size

(m) 93 12.6 13.1 14.0 7.0
Oil Absorpt.

(cc/100g) 105.0 126.0 114.0 95.0 64.0
CTAB (m?/g) 107.0 89.0 79.0 65.0 30.0
PCR 94.0 93.0 91.0 92.0 113.0
RDA 102.0 76.0 80.0 89.0 211.0
Flavor Conc

(ppm) 124 125 134 131 146
Flavor Retention 15.80% 14.50% 8.10% 8.90% 6.80%

[0057] When total flavor released by the examples is plotted against CTABina
statistical regression, increasing CTAB surface area strongly correlates with greater
retention of flavor compounds (R2= 0.8998). The observed correlation is
exponential, explaining why a decrease in CTAB from 107 to 79 leads to a
significant improvement, but a further decrease to 60 results in minimal additional
improvement. The relatively high accessible internal pore volume of the hybrid
silica is believed to allow it to preferentially entrap flavor compounds, which are
essentially hydrophobic in nature, resulting in a reduction in the total amount of
flavor released.

[0058] The hybrid silicas described above are very good at retaining hydrophobic
flavor compounds, much better than the control, a commonly used silica (Zeodent
105). This is believed to be due to the smaller pore diameter (~ 200A) compared to

the control d~593 which leads to a much larger available pore volume for the
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hydrophobic compounds to interact with. It is also evident from the results

presented here that the binding of flavor compounds is preferential, and therefore

may be driven by the variations in surface chemistry.

Table 2: Chemical properties of ten key flavor compounds

Flavor Component | Log P, B.P. MW, Density Type of Compound Characteristic Aroma
(deg C) {g/mol) | {g/cm3)
Carvone Laevo 2.08
230-231 150.22 0.958 tarpenoid carraway (-S); spearmint (-R)
Cinn. Aldehyde 22
240 132.16 1.0% aromatic aldehyde spicy dnnamon
Eugenol 227
254 164.2 1.067 guaiacol, methoxyphenol spicy dove
Menthol 234
212 156.27 0.890 alcohol peppermint, cooling
Methyl Salicylate 2.51
220-224 152.15 1.174 salicylic acid methy! ester wintergreen
Eucalyptol 274
176-177 154.25 0.9225 | cydic ether, monoterpene eucalyptus
Menthone/ iso 3.07
menthone 207 154.25 0.895 ketone, monoterpene peppermint
Anethole 3.39
234-237 148.2 0.998 aromatic unsat. ether anise
Menthyl acetate 3.8
228-229 198.3 0.925 aromatic ester fruity-herbaceous minty
Limonene 4.35
176 136.24 0.8411 terpene citrus, orange

[0059] In order to quantify the flavor release profile as a function of time of the

dentifrices, a device was designed to simulate the brushing process and an APCI-

MS protocol was developed to measure the intensity of various flavor compounds

over time. In this set-up, a water-jacked, completely sealed glass flask serves as the
chamber in which the toothpaste and artificial saliva are mixed, as during brushing.
The flask has three orifices, one permits air entry into the flask to purge the sample;
the second is connected to the APCI-MS for gas analysis and the third is used for
the introduction of a brush connected to an electric lab mixer (simulates brushing).
This last orifice is firmly closed around the brush shaft with a septum to avoid leaks
from the flask. For sampling, a 20 ml plastic syringe is loaded with 15mL of
toothpaste gel and introduced into the flask. Thirty milliliters of water are added
and the brush is introduced into the flask and connected to the mixer. Once the

purge gas flow is then opened (flow rate = 100mL/min) the mixer is turned on at
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160 rpm. Purging gas facilitates volatile release and a portion enters the inlet of the
APCI-MS instrument that is heated to 90 °C to avoid condensation of the
compounds.

[0060] Once inside the instrument each of the compounds is protonated giving
primarily an M*! ion (M is the molecular ion or parent ion) of a specific intensity.
The APCI-MS used for this work allows a second fragmentation of the molecular
ion and thus increases the possibility of successful identification and accurate
quantification of various compounds, since although two compounds could have
the same molecular ion it is extremely unlikely that they will have the same
secondary fragmentation pattern. The instrument scans masses between 50 and 200
atomic mass units (uma) every 0.03 seconds and in the time between each full mass
scan, the instrument performs fragmentation and scanning of the fragments of
specific masses of interest, i.e. corresponding to the molecular ions of the a
particular flavor composition. During each experiment data is collected for a total of
3 minutes and each sample is analyzed in triplicates.

[0061] At the end of each experiment, the output is collected in the form of aroma
release curves (intensity over time) for each flavor compound present. The aroma
release curves represent the variation in the intensity of one ion that likely
corresponds to one single aroma compound during brushing.

[0062] The release of specific flavor compounds varies according to the silica type.
The real time release of limonene, menthone, menthol, and carvone from dentifrices
made with control as well as with three inventive Examples is shown in Tables 3-6
below. The original example (CTAB 107) showed the most pronounced release of
all flavor components. Little delay in the release was observed and the maximum
intensity was reached in less than 20 seconds in all cases. Example 2 (CTAB 79)
showed a pronounced delay in release of menthol (maximum intensity around 30

sec) and a slight delay in the release of menthone and carvone (maximum intensity
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around 25 sec). The silica’s properties can be manipulated as described above to
modify flavor release during brushing. Potential applications include flavor
morphing and long lasting fresh breath. The data presented in the tables below
were estimated from the aroma release curves.

Table 3: Methone release over time

Menthone Release
Release Release Release Release
Release (AU)x 106 | (AU)yx10% | (AU)x 106 | (AU)x10¢
(AU)x 106 | time (s) = time (s) = time (s) = time (s) =
time (s) =0 | 10 20 30 60
Control 3.30 3.20 5.60 5.20 3.90
Example 1 3.90 3.20 9.40 6.80 3.20
Example 2 2.80 3.20 6.40 6.10 3.80
Example 4 4.00 2.40 5.20 6.50 440
Table 4: Limonene release over time
Limonene Release
Release Release Release Release
Release (AU x 105 | (AU)Yx10¢ | (AU)x10¢ | (AU)x10¢
(AU) x 106 | time (s) = time (s} = time (s) = time (s) =
time (s)=0 | 10 20 30 60
Control 2.50 6.40 16.80 14.50 11.50
Example 1 2.50 3.80 17.20 16.00 11.00
Example 2 2.50 440 18.50 16.00 11.00
Example 4 2.50 1.90 10.00 11.50 8.50
Table 5: Menthol release over time
Menthol Release
Release Release Release Release
Release (AU)x 100 | (AU)x106 | (AU)x 105 | (AU) x 106
(AUYx 10¢ | time (s) = time (s) = time (s) = time (s) =
time (s) =0 | 10 20 30 60
Control 4.40 4.20 6.40 6.60 5.00
Example 1 4.00 5.00 10.00 8.00 4.40
Example 2 3.60 5.00 8.40 6.80 5.00
Example 4 5.00 3.60 7.20 9.20 7.20
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Exanpl e 2: Rheo logical Testing [0063] The invention further exhibits
unexpect edsloeDEOBEG76Yy attri butes when the hybrid silicasprarasasieasinst he
dentifrice formulation in particular anmounts: between 10-30% wt % This is
believed to be due to the unique colloidal network (5 tines the G val ue
relative to a conventional HSC within the |inear viscoelastic region at 20%
| oadi ng) formed by the silicas contained in the dentifrice. [0064] A

rheol ogi cal properties assessnent conparing the structural properties and
fl ow behavior of hybrid silicas versus a known high cleaning silica

mat erial control supports hSeal i ﬁ},geani ng silica materi al

was ZeodentQ 115, cormerciTta I1€/6é€§{)l aelr-egh%rsg& ?r Huber Corp., Havre de
Grace, M. The rheol ogy i nstrumenisongdgIeidd €s, and protocols used in this
exanpl e are Wel T Known and dOCRIBRLEU (RE8Emse € U- Reldabed! SOReleRe > (1999) The
structure and rheol ogyrdpfscOMPl £¥) £ {oui dgyuyQ4bor dabpk Y@r sihyy Press; Macosko,
C.W (1994) Rneol ogy:| RijR&hePl @she dYRASURKERNL S, @RdsAPP! igRLdhans, W ey- VCH
Inc. | and references ghepeln) .10[(3 65] | dhe lineay Vviscoelggastic behavi or of
various prodyghLs,can pe quangified shyough dyRdam ¢ 0SGhi[T at or yggxperi nent s,
I.e. frequengy, AligyStraim SWEEPS. 1 Hs@ TTeqUERCY Sweap; [The Sappl e was

subj ected tc ES%aIR_;HE‘IQi f xed\z%[ﬂi i t_udfgd) cittaggry stragg (T0-03%for all

) £

nmeasur enent $ E&zﬁﬁ’éj'eﬁe et ebl3ocit arty nt—f enci 63.65.” the X e rads/s.

+ | Py

I n a strain-sweep—expertrment,—the—an tude—ot—the—appried—strarn was
varied in the range while the frequency of oscillations was kept constant
at 1Hz. pxdh lé/j:spg%lgggcia@ngg,p#gnse of the material to this oscillatory
strain was asured ih terms of G and G' as a function of frequency or
st rai n, [063} Ehy iroketrdioni flngthealexhibli® unekpedtat ivistosieg attdibagest whes theuct ur al
properties of the tested materials. The |linear viscoelastic region (LVR),
for exahpbid sdigas pee ueadeimihgatentifdes Anpdelion  pasHicadarmaents; Defavegal | as

the rati I elastic t i scous, cagntribution (G /[,G') . often.related  to the
tabi 11 130T i s DetieBRPY pERR b BT Rl Pt Bfipee i
| nf or magy QQue'&laltﬁzeF}B%sdo?s]'v% Eiﬁn USRI AR %tli}gér QiCEEL L SEIEIPFL I C
material exhibits nore 50|3- I ke or nore flul -I|1<e proper t es.

loading) formed by the silicas contained in the dentitrice.

[0064] A rheological properties assessment comparing the structural properties and
flow behavior of hybrid silicas versus a known high cleaning silica material control
supports this result. The high cleaning silica material was Zeodent® 115,
commercially available from J.M. Huber Corp., Havre de Grace, Md. The rheology
instruments, geometries, and protocols used in this example are well known and
documented (see, e.g., [Larson, R.G. (1999) The structure and rheology of complex
fluids. Oxford University Press; Macosko, C.W. (1994) Rheology: Principles,
Measurements, and Applications. Wiley-VCH Inc. ] and references therein).

[0065] The linear viscoelastic behavior of various products can be quantified
through dynamic oscillatory experiments, i.e. frequency and strain sweeps. In a
frequency sweep, the sample was subjected to a small fixed amplitude oscillatory
strain ( 0.05% for all measurements reported here), at different frequencies in the
range rads/s. In a strain sweep experiment, the amplitude of the applied strain was

varied in the range while the frequency of oscillations was kept constant at 1Hz.
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[ 0066] Just as oscillatory shearing can be used to probe the structural and
dynam c properties of a sanple at equilibrium steady state shearing al so
can be uswowu/msxgbore the fl ow behavior of the system asTalSbamosisoh of
time, tenperature, or shear rate for exanple. Here, steady state
experinments are utilized to quantify the viscosity and shear stress
profiles as a function of shear rate in the rage 0.1-100 s-1. [0067] The

vi scoel astic properties of the invention also are different fromthose of
the control. The | ow shear viscosity, taken fromthe viscosity profile at a
| ow shear rate of 0.5s-1 is 161,000cps for the control formula, nore than

doubl es 361,70 s for t hybrid,silj.ca cantainpng faornula of,the
Movent ke B HE wolhe bhher Rl Rt fuf Bef iRt R limth 25 BHRUEL T r om
the |i neginy/bSGOSIREY 4 o @GABn Ok u@ﬁcE;io?&t&awtﬁe ob@nihE Ay N/ cne
and 73,350 dyn/cn? for the control and anple 1 formul ations,

r espect inMelyativepegaelntg tie strualirstropatiesvd eie Rbtatingatdrisde Theflfreaence.
Furthernore, the anount of oscillatory stress required to break up the
col | oi daiscaglaglis keghdn {INER) doit exmpler eall e Hetsrmasegogranpagila®@rior t he

trol, wh to 122. 7 dyn/.cn? f the hybrid silj | ati
of "t ho. PRVGAEFDN S FU06% PRaaCal Gadr hatvork Ty ReonyCr A6 frkSent
i ti i : ' , : kd th
the net SoP I TS e d T hE bont TS GubPrRRg PSR CRening

nat ure @ffotdatibypitidpsdsiiie do dékestne diHetigrrenaesmih Ris¢bslaost mat@id structur al
paraneters result in a texture difference perceivable to the consuner and
wi || al svhikitk eaeretdodidrlitecoromor¢ Hubt-likepeoperties.sel f. [0069] The latter is
evi dencgqq) g}/ tge fl avor, rel ease behavi or upon di]ution. Table 7 bel ow

881 ¢ h

i |l ustr UptaspscHiatQr sShegritgrndts wisdi th RTARE Haaispetsalgeda functi on

of toot ] I i 40% di | Ut f ri | eased
nt ot e Ao 0ot inp e ity SendR sl e iR B, ¢

di | ut edubad dD&BEL FHAUWbbRaIBBof fiR: H2RGR AL halihetlon Bf iR, keagsnase, becomes
hi gher for the’inventive dentifrice fornmulation. This denonstrates that

fl avor oosipmentesfor kaamate Haretdtedd ysthteogqpedinmenthiane titibzad toqgamdlyl thedal
network forned by the hybrid silicas are subsequently rel eased u(gon

br ushi nYISCTHE 321G shgpasiress RHERIHES AR Fandtpry @) Swaerae i e mgedys10@sdi ts in

the str b i ng._and. nunbing. se t 1 .ons,.past - expe raticn at can be
achi eveg{b\gﬁ{ h ﬁ]he YI%(\:/Oeeg%sitl\(/:é)r}ggﬁ i rolqg%:ge. mf]aeBF n fls (\ﬁl seccggfgf%}lt(g]f&a%ﬂ?ﬁef rices
made fremueaidn®iél. TIRNRSNEREEQRDsRY, thR¥MERUNY Bhslist &ty FHMYRH 1Ry @Silica
Conc. =10 % G (dyn/cnmR) @Silica Conc. = 20 vvt%é (dyn/cnm) @Silica
Conc. =sl3rwhssd@@isbis 161,000cps for the control formula, more than doubles to

361,700cps for the hybrid silica containing formula of the invention. The structural
parameter G (elastic modulus), extracted from the linear viscoelastic region (LVR)
of a strain sweep was 11,040 dyn/cm? and 73,350 dyn/cm? for the control and
Example 1 formulations, respectively, representing an almost one order of
magnitude difference. Furthermore, the amount of oscillatory stress required to
break up the colloidal network of the control formulation was 29.87 dyn/cm? for
the control, when compared to 122.7 dyn/cm? for the hybrid silica formulation of
the invention.

[0068]  The colloidal network formed by the present invention is therefore
believed to be stronger and harder to breakdown than the network formed by the

control, due to the high-cleaning/ thickening nature of the hybrid silica. These
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[ 0070] The unique internal pore structure of the hybrid silica not only has
an ef f ectwonotins4d76t al anmount of flavor rel eased, it al eoTits2m8l06@vEd t O
affect the rheology profile of the conpositions into which the silica
materials are incorporated. The effect silica material paraneters have on
rheol ogy nay be inportant, since the viscosity profile and structural
paranmeters of the final product dictate consuner acceptance and
processability of the fornul ated t oot hpaste, and inpact flavor retention
and subsequent rel ease. In aqueous colloidal silica dispersions, the

primary RELhelEs ARG shl Wittt NaPlfelds ASQIAHaL .00, b yifhg ggueous
ﬁl ngFt , 1 g’f% %}ﬁ 9 agg

envi ronnment . Accor e Sl ze e exlsten regates may be orders

of magnigeudevdblgbethd dvaRubtatandfwilhglsdaifee hafhiecdfghaidnesmadeeslf. Above a
certain critical volune fraction, the individual clusters interconnect,

f or mi ng (6% iTherkttex is gaidancee bytthatflaypy edeadededalidriupon didugom.(ithle & and
Vi scosi

i tigal i cl ' whi ch t hj h
ocours. Welaskalusttayin bl e o it e Pe Hees tctcirs cokneRe bt or 1l
510 T LoBRABLLRLA KRR (AT AP ORLA0nRDRISS: K181 QRFMIERRe OF densi ty

of the a
headspace from the control formulation but as the sample is diluted by 100 and

200% with PBS the concentration in the headspace becomes higher for the inventive
dentifrice formulation. This demonstrates that flavor components that are initially
trapped within the strong colloidal network formed by the hybrid silicas are
subsequently released upon brushing. The stronger, somewhat delayed release of
flavorings results in the stronger burning and numbing sensations post-
expectorating that can be achieved with the inventive dentifrice.

Table 7: Viscosity of dentifrices made from various concentrations of inventive

silica

G' (dyn/cm?) | G' (dyn/cm?) | G' (dyn/cm?)

@ Silica Conc. | @ Silica Conc. @ Silica Conc. =

=10 wt% =20 wt% 30 wt%
Control 0 0 300
Example 1 0 300 7400
Example 2 0 250 5600
Example 4 0 100 1050

[0070] The unique internal pore structure of the hybrid silica not only has an effect
on the total amount of flavor released, it also is believed to affect the rheology
profile of the compositions into which the silica materials are incorporated. The
effect silica material parameters have on rheology may be important, since the
viscosity profile and structural parameters of the final product dictate consumer
acceptance and processability of the formulated toothpaste, and impact flavor
retention and subsequent release. In aqueous colloidal silica dispersions, the

primary particles and clusters are prone to aggregation in the aqueous
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[0071] The rheol ogical properties of three different hybrid silicas are
provided in Table 7. Slurries of the hybrid silica were made at three

di f f er entwpantiish@econcentrati on | oadi ngs: 10, 20 and 3@arXsand/oecdnpared to
control slurries at the same concentrations. Two rheol ogi cal paraneters
were neasured, the structural parameter G and a | ow shear viscosity no. An
exam nation of G and viscosity as a function of silica concentration
confirmthat all inventive conpositions build structure and viscosity
faster than the control. At 20%silica concentration, the G value for the
slurry of exanple 1 is roughly 10 tines higher than for the control: 347.6

dyn/ cn2 J . - ect i I r

vi scosi f %ﬁ%é}{%ﬁﬁ? néé%(%ﬁ\%gl ggtn}{ei ir)ei %ftéﬂh?é%&#5%0%%#%%?%@%%&‘?5%%38 for the
cont r ol mdpRkide)higKeitaR@hat JMemiR] FORRRRIhEHCE vEHEAISO W & t&%aiar e, | . e.
30% by weight silica, these differences becone even nore pronounced. [0072]
Tabl e 7cdtisa viohdinedtasionhtte inklévidubbclasteos ngbmbhoecthetrwerg aGRABoskipf ace
area and bul k rheol ogi cal properties. A decrease in CTAB surface area

r esul t s PRHIGAessthghBiies dhe solupiravisrsricting anbvisredhodihesritispbpaiticlees of the
invention. \Wile anpl . Wi,th a CTAB val ue of 65 hags a closer rheol ogical
roft 1 ecvasiatDemtoner e Mriedoharntp ok Brefodod 0 hula flBP witfes "ar o
still a%okeeﬁ%&ctQQé’/e)m}ﬁf}ﬁateriEm%ceqt BHRrbR RO ALRPLUAGEARDH 8l HdiRe eRAL 1 O
silica wth the new hybrid silica in the current invention results in a
nmore Vi Sqeunsesyidr diensity oftle prgdgates. conveying a different in-mouth feel to
the consuner. [0073] As nentioned above, the pore structure is believed to
drive t HW7ahdhegheslogicebpenpestiend! thiee diffarent Indarig pikicaprteerrovidachid aqueous

di f what bel | dto pultimtely t
1 avor, TARE EPOrEa R g P oU R n BB TN e e SPITEL network.
]Ic:{es ul't Scbﬂkgﬂ%?kﬁn&o?&i%%@{ ﬁﬂ%’.ahp'ﬁ)m?t%n&ﬁcﬂom k& tosé(%dtﬁﬁ S%I_Xjﬁl{ersla%§hé/\er e made
romfour different raw matérial's ranging in CIAB val ues.” The concentration

of all sirhkcan&drirdtices. Ta® hadlopicd pamarhbteddweed glthsdbeds vestimgusalr ange of
concentrations from bel ow the critical aggregation concentration to well
above t patarhétar & aRdsubwsshaadivisabeity hatAmexdid¥agion afdsconteistostyi @ (bel ow

critical aggregation concentration), there is little to no correlation
bet ween HHSIONGH A LIGERENERLPT 5%&%5%%@%%8@ fHEPRekEsatdldand cTAB

surf ace. @188 RRa i b9 Yot Wab1Be SHE) DAy 20,0 A0 Sld e

concentrati on corre Ion O a Sl gni ficant

decr eas@aliy fbPt slﬁhgv(grexﬁﬁ{;ﬁ@&eﬂra&guytmmgnés_rm antHcloeaBEchitrSTAB
surface area. Table 8: CTAB val ues conpared with flavor rel ease at varying

slurry 97 .ghynpgeméertagel.2” GdRnVatespectotedy. Frindladly, e loasstbaf wigcokily 38
152 10%2)%& ir15v6en%i§fg dselnl'girfrrige i75979%1c7ps compared to 1243cps for the control, roughly 7x
higher. The more concentrated the slurries are, i.e. 30% by weight silica, these
differences become even more pronounced.
[0072] Table 7 also indicates that there is a correlation between CT AB surface area
and bulk rheological properties. A decrease in CTAB surface area results in a
significant improvement in the rheological properties of the invention. While
Example 4 with a CTAB value of 65 has a closer rheological profile to the control;
the viscosity and structural parameter values are still at least 50% higher. Thus, a
one to one replacement of the control silica with the new hybrid silica in the current

invention results in a more viscous and more rigid product, conveying a different

in-mouth feel to the consumer.
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107 180 38 146 20% wt. 56 136 slurry 79 135 107 125 38 111 30% wt .

WO 2011/084676 PCT/US2010/060975

[0073] As mentioned above, the pore structure is believed to drive the aggregation
behavior of the silica network formed in the aqueous medium, and the formed
aggregates are what are believed to ultimately trap flavor, therefore driving flavor
retention within the silica network. Results in Table 8 below show this concept.
Here, silica slurries were made from four different raw materials ranging in CTAB
values. The concentration of all silica slurries was varied from 10-30 weight %,
covering a range of concentrations from below the critical aggregation
concentration to well above that limit. Results indicate that at 10% silica
concentration (below critical aggregation concentration), there is little to no
correlation between the total amount of flavor released into the headspace and
CTAB surface area (R2 = 0.1625). On the other hand, at 20 and 30% silica
concentration there was a strong correlation observed, with a significant decrease in
total flavor released resulting from an increase in CTAB surface area.

Table 8: CTAB values compared with flavor release at varying slurry weight

percentages.

CTAB Total Flavor

Value Released

(ng/mL)
38 152
10% wt. 56 180
slurry 79 147
107 180
38 146
20% wt. 56 136
slurry 79 135
107 125
38 111
30% wt. 56 96
slurry 79 93.5
107 80

[0074] While the silica pore structure is not believed to directly lead to entrapment
of flavor; it does appear to affect the extent of aggregation which in turn affects

flavor release. This is further reinforced by a strong correlation established between
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56 96 slurry 79 93.5 107 80 [0074] While the silica pore structure is not
believed to directly lead to entrapnent of flavor; it does appear to affect
t he ext erwoabtiaggsregat i on which in turn affects flavor Perass@o/0ds i s
further reinforced by a strong correlation established between WO

2011/ 084676PCT/ US2010/ 060975 t he magni tude of the structural paraneter G
and total flavor released. Results indicate that there is a universa
exponential correlation between G and flavor concentration in the
headspace, regardl ess of what silica material is utilized to nmake the
slurry. At low G values, the flavor rel ease decreases dramatically with

i ncr easi | at 007 ple the invepti has been
e e A Y SR L R AR SRR ol o B BB "o e
enbodi meRiSatedRsk fHage RILHSNERA] SXBOMLAR cBrRRIRADbIFUERS i MAfy skill in
the art will appreciate that the invention is not limted to these

pr ef er r ednemiediomeintthe he@ll#davB, repardleskeot what dbcd nratediatis atilicedrps haikeg an
in situ produced gel/precipitate silica conposite, wherein said conposite
conpri séke 51191”1370%t89w\fgl Yieenthe flavenreledse deceasises degrpaticatiyogithe, and
exhibits a CTAB surface g&&f qf from about 60 to about 110 n2 /g and a
ratio of "CIREE Tt FRLE VSRR PB4 Shsor pti on of from about 0.7 to about

1.0; amfbm} mi@&mewﬁv@ﬁ@&ma%%;ﬂ @_ﬁég&gﬁgew h0AIRRND tRE difaifg about 0. 6%

by wei ght of the fornulation. ntifrice claim erein the in
situ pradsegstigeds preéairgd talbedioenes hhé the ptéfeirbé ekampled, apriddrch@snpavi ng
a nedi an particle size range between about 9 and about 14 m crons. . The

dent i f r pedingty gkilliimthe art wilkappzciaphdhagithe triventionpospt bméteditbithesea CTAB

surface area 8f from about 85 to about 110 nR /g.
preferred embodiments.
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4. The dentifrice of any one of clains 1 to 3, wherein said conposite has a
| inseed oil absorption of between 80 and 130 ml /100 g. 5. The dentifrice
of any omnwoabiigisai7as 1 to 4, wherein said conposition hastalSB@Roe®™es | icl e
Cl eaning Ratio) value of fromabout 81 to about 100, a RDA (Radi oactive
Dentin Abrasion) level of fromabout 75 to about 135, and a PCR to RDA
ratio of fromabout 0.70 to about 1.25. 6. The dentifrice of any one of
claims 1 to 5, further conprising an effective amount of a flavor conpound
wherein the flavor conmpound exhibits a logarithmc partition (log P) val ue
of 2.0 or greater. 7. The dentifrice of claim®6 wherein the flavor

conpound is a conbination of one or 4K | avors sel ected fromthe group
consi sting of Carvone Laevo, C nnam—c——%ézmll 084676PCT/ US2010/ 060975

Al dehyde, Eugenol ,. Menthol, Methyl Salicyl.ate, Eucgal yptol, Menthone,

| soment ione, SEHHEIE [ORRREPR AU BE ANiifsHuRIOR §F Y ISR Ror eof . 8,
The denthfri . . i . . o ti jce has a
flavor |Ej!r111tC éﬁéﬁp&ggg[\)&ggfé& g%gﬁcio E11 11%5%8*%%%%8\5@'@6? bgf%l%glﬁtolf {chge of any

one of gbl@’i}ﬁ@cigité@ Gmpbiefeehind eRRibHE A CT ABXRIrRRE afed bfrom dRf@BDItON val ue
of at least 7.0 % 10. The dentifrice of any one of clains 1 to 9, wherein

t he el asboat dduf Yg aofd a tesicderit T ABiscefacs avda toi gil alserptngef Gfonf rAbouabdut
65, 000 to about 100, 000 dyn/cn2. 11. The dentifrice of any one of clains 1
to 10, URpHErL-&omskaspiiertys aanpert PhARVARRRNN A8F aRORBRPHEP 0 Abowd)-agent .

by weight of the formulation.

2. The dentifrice of claim 1 wherein the in situ produced gel/ precipitate
composite is in the form of particles having a median particle size range between

about 9 and about 14 microns.

3. The dentifrice of claim 1 or claim 2, wherein the composite exhibits a CTAB

surface area of from about 85 to about 110 m? / g.

4. The dentifrice of any one of claims 1 to 3, wherein said composite has a

linseed oil absorption of between 80 and 130 ml /100 g.

5. The dentifrice of any one of claims 1 to 4, wherein said composition has a
PCR (Pellicle Cleaning Ratio) value of from about 81 to about 100, a RDA
(Radioactive Dentin Abrasion) level of from about 75 to about 135, and a PCR to
RDA ratio of from about 0.70 to about 1.25.

6. The dentifrice of any one of claims 1 to 5, further comprising an effective
amount of a flavor compound wherein the flavor compound exhibits a logarithmic

partition (log P) value of 2.0 or greater.

7. The dentifrice of claim 6 wherein the flavor compound is a combination of

one or more flavors selected from the group consisting of Carvone Laevo, Cinnamic
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Aldehyde, Eugenol, Menthol, Methyl Salicylate, Eucalyptol, Menthone,

Isomenthone, Anethole, Menthyl Acetate, Limonene, and mixtures thereof.

8. The dentifrice of any one of claims 1 to 7, wherein the dentifrice has a flavor

intensity value of about 4.1 or greater.

9. The dentifrice of any one of claims 1 to 8, wherein the dentifrice has a flavor

retention value of at least 7.0 %.

10. The dentifrice of any one of claims 1 to 9, wherein the elastic modulus of the

dentifrice is within the range of from about 65,000 to about 100,000 dyn/cm2.

11.  The dentifrice of any one of claims 1 to 10, further comprising an effective

amount of a remineralizing agent.
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