WO 2007/ 012981 PCT/ | B2006/ 002905 1 GELLAN SEAM_ESS BREAKABLE CAPSULE AND
PROCESS FOR MANUFACTURI NG THERECF. The present invention relates to a
"breakable 5 capsule having a fluid core and a solid or fluid breakabl e
shel | . iwotdwrmidoswwventi on, the term "capsul e" nmeans a p&PRENIGRLIOST
substantially spherical delivery systemof a substance, said substance
being hereinafter referred to as 10 "theL core”, and said substance being
encapsul ated into a shell, the shell being breakable and rel easing the core
when broken or ruptured. The termfluid neans flowi ng as opposed to being

inasolid ot at & criGaas %gz;gmu kgs! BﬁEAkﬂﬁﬁﬂtéﬁﬁsuvﬁﬁ‘eAﬁﬁrﬁédE&sj pdic! udes
finely divided s ; ; ; physi cal
state of a product wherein sY¥ANUBACHTUBINGHIHMEREOBhape or direction
uniformy, in response to an external force inposed upon it. According to

the invention, fluid preferably refers to a flowable or gellified product.
20 The term "breakabl e capsul e" retersﬁ%o a capsul e 3%}her32$pvi ggfined,
wherein the shell cant ﬁ?&?‘@d bYVeHEaRs of - HRsdft e WFERRESEI ts in
the rel egse @Rbstihe nagigg Aceoudingote andegbedinBnbr Ehaicapsdheapiet he 25
invention may be specifically designed to be incorporated into a fluid
medi um such s@#&lilor exanple a gel, a pasty or a |iquid nedium contai ning
water; in this embodiyent, . the 3RSyl es SR rom by any
sui table nmeans in or erEpégbﬁvﬁé anqéﬁsugﬁgegggiy o?gﬁ%ﬁ%geng%%gﬂhiépersion
spherical or substantially spherical delivery system of a

substance, said substance being hereinafter referred to as
10 “the core”, and said substance being encapsulated into a
shell, the shell being breakable and releasing the core
when broken or ruptured. The term fluid means flowing as
opposed to being in a solid state. According to the
invention, the term fluid includes finely divided solids,
15 such as a powder, and also gel, or any physical state of a
product wherein said product changes shape or direction
uniformly, in response to an external force imposed upon
it. According to the invention, fluid preferably refers to
a flowable or gellified product.
20
The term “breakable capsule” refers to a capsule
as hereabove defined, wherein the shell can be ruptured by
means of a pressure, which results in the release of the
core. According to an embodiment, the capsule of the
25 invention may be specifically designed to be incorporated
into a fluid medium such as for example a gel, a pasty or a
liquid medium containing water; in this embodiment, the
capsules may be suspended or mixed by any suitable means in
order to bring an visual effect of homogeneous dispersion
30 of the capsules in the medium; advantageously, the shell
and/or the core of the capsule is coloured. According to

another embodiment, the capsule of the invention is



30 of the capsules in the nedium advantageously, the shell and/or the core
of the capsule is coloured. According to another enbodi nent, the capsul e of
the invention is WO 2007/012981 PCT/1B2006/ 002905 2 dispersed into a solid
or fl ui Woasei/ua98tsuch as for exanple a powder; advarrCagsowsioy29% he shel |
and/or the core of the capsule is coloured. Such capsul es are useful for
numer ous applications, 5 such as in or&@ care application (toothpaste,

nout hwash, guns...), in food applications such as confectionary, dairy,
bakery, savory, in neutraceutical applications or in pharmaceutical or in

personal cadgspegddat snsdiClh $61id el Pprediicks andht Be Ebkeexdfipla the
present patent application, the term "capsule" wll be used to desjgnate

any size of 2acRPYEREs, adVﬁE#Ea?ﬂﬁs}ﬁécr*‘b]&%p 5 2/ 9F cFoR apRtR eQL ahRe

preferably cg?gg%eighggfmhfé@_er dianeter is from0.5 nmmup to 8 mm
preferably 1 To 5 nm nore preferably 1.2 to 3 nm 15 It is of particular

interest to Obtai”éﬁ%ﬂ“é?ﬁ%ur%%p%%ge%se%%lt@%rbh§%E§Ph%iEég?%cét%@h ed

capsule (also designated™in the prior art as softge r capsule) may
be infl ugncedchy asheirasyadr aansampol regtiore ofootlepastiel. mojchpasknt
application_JP10291928 _descr.i b_eLs at.20 cagsHI e obtai.ned.through .a,

co- ext r usi of U BPulesd? FRSFePRPILAECARPE RUFD| AEuFGRHRS5ECRaRHF i $887Yel | an
and cal ci unbagaklys. Sevbap, guih fheatrdbecevesed appldddtidms pregduced by

t he m croorgani sm Sphi ngononas el odea. The_  Applicant has found that the
producti on BParpscgBrig®! capsul &t hPBEERA R Rhe FRF® pPHRESSCHasSHeR as

cosmetic products and the like.

10 In the present patent application, the term
"capsule" will be used to designate any size of capsules,
including macrocapsules and microcapsules and preferably
capsule which larger diameter is from 0.5 mm up to 8 mm,

preferably 1 to 5 mm; more preferably 1.2 to 3 mm.

15 It is of particular interest to obtain seamless
capsules, as the breakability of a welded capsule (also
designated in the prior art as softgel or hard capsule) may

be influenced by the easy or unwanted rupture of the weld.

Fuji patent application JP10291928 describes a

20 capsule obtained through a co-extrusion process, wherein
the external 1liquid phase comprises gellan and calcium
salts. Gellan gum, first discovered in 1978, is produced by

the microorganism Sphingomonas elodea.

The Applicant has found that the production of

25 gellan capsule through the Fuji procegss was not
satisfactory and resulted in poor quality capsules and in
processing difficulties, because the gellan was actually
gelling during the co-extrusion, and it was not possible to

obtain spherical and homogeneous breakable capsules.



satisfactory and resulted in poor quality capsules and in processing
difficulties, because the gellan was actually gelling during the
co-extrusion, and it was not possible to obtain spherical and honbgeneous
br eakabl¥WOee ®u98s. WO 2007/ 012981 PCT/ | B2006/ 002905 p8r/mrood/dososr eason, the
Applicant tried to inprove the Fuji process and found that the drawbacks of
the prior art process may be due to theg presence of calciumsalts, and

nore generally to divalent netal salts in gellan during the 5 co-extrusion
step. Thus, the Applicant carried out a process wherein the co-extrusion

i quid phase containing, .gellan was _perfornoed_ i bsence of calciumsalts,
and observed thatngh&ﬁ¥%%Fﬁﬁﬁy?'tﬁ§eré?8 %FﬁﬁgcgﬁéﬁaeEOhéﬂPFﬂxe Qui r ed
spherical otugubgtantkal hiaspbehicBhashane apdwiicbeon®geredusrsbZesrt

However, the capsul es thus obtained could not be used as such, because the
shel | was t 8&0§6BF mMald ReheduestPt LR PASSERES Wér CHSL U kbt e 2BPsul es;

the Applic f | ut i i b yent; .t nLbga PLQbL M by
contacting ?ﬁ%ecggggfééfgﬁgi %?%%?g%trﬁ%ta %%g ?ong,gg?e?erggryﬁ a%c?hnmor
magnesi ufn i aosexbrubyousi sigep or gétnisx, adilee s@ppilioantoncerrhedcooekt rasi on
process is _finished, and _this finallgr%ead tﬁ.satisf ctory akabl e

b
capsul es. TRISCCERi YDSTCam i e r SPaEBETHEI prddEds 1 asezocﬁéﬁﬁf‘ﬁﬁ?%ri ng

seanl ess br gakabhe waPspeeFormddt oimewbsedd €68 hiLakiam e seapsyl esndThe
process of the invention conprises a step (A) of co-extrusion of an
ext ernal an@PEEVBBhFRRE, | FEkRel pigly . & aesvAtdraaranaulespbpfi Fhe i quid

phase, in orde;it83 spherical or substantially spherical shape and
10 homogeneous sizes. However, the capsules thus obtained
could not be used as such, because the shell was too soft
and the resulting capsules were not breakable capsules; the
Applicant found a solution to this subsequent technical
problem by contacting the capsules with divalent metal
15 ions, preferably calcium or magnesium ions, or by using
organic acid solution, once the co-extrusion process is
finished, and this finally lead to satisfactory breakable
capsules.

Thus, this invention relates to a process for

20 manufacturing seamless breakable capsules and to new
seamless breakable capsules.

The process of the invention comprises a step (A)
of co-extrusion of an external and hydrophilic liquid phase
and an internal and lipophilic liquid phase, in order to

25 form a capsule having a core comprising the internal and
lipophilic phase and a shell comprising the external and
hydrophilic phase; and a step (B) of washing and immersing
the capsules into an aqueous solution preferably containing
a curing agent, the curing agent being one of the means for

30 making the shell breakable as required for the intended

use; optionally a step (C) of drying the obtained capsules



25 forma capsule having a core conprising the internal and I|ipophilic
phase and a shell conprising the external and hydrophilic phase; and a step
(B) of washing and inmmrersing the capsules into an aqueous sol ution

pr ef er alNG200802881ni ng a curing agent, the curing ageraT/iBRIGYOIVNE of t he
means for 30 nmaeking the shell breakable as required for the intended use;
optionally a step (C of drying the obta ned capsul es WO 2007/ 012981

PCT/ 1 B2006/ 002905 4 or optionally a step (D) of suspending the capsul es
into an fluid medium The co-extrusion process conprises three nmain

st ages: cow%t%%l&gr gﬁ&.'t@ﬁ, (Shebt sedpeiidifptdn Rpdulescapssl 8n

col l ection. The compoun rop 1s a sphere of the liquid fill phase inside
the shel | pH&Eged Tediimquid fill phase is hereinafter referred to as "the

core". The shell phafﬁéi§uﬁ$%ﬁkﬂ%35§r %gggﬁggd L QS sdde 3held " madgcording
to the invention, the external Tiqui phase 1 ncludes a gelling agent
conpri si ng gsddoas :guammhwuaide dmop | formatd srat | sheld t Boat di Easbtboe andt abl e

gelling agent, a filler, and a petal sequestering.agent, the ligu

et e ably BB LEq RS ToTe P crap e r PR Ea o SHRRR  Obr EREr abl y
desi oni zed ofj RPSWZEA MY Rse tndEe ehd | BBeBOCPhaséN the TRaNkAYref1this
invention, it 1s referred to an agent able to convert an aqueous phase from
a flowabl e @haddeyiis |hepgihaider s@fiarnad o ges. “Bye" geyabst Ehenghadgént” in

Eﬂgl gff‘gi g QladdisS, P%Qe&ﬂ&ﬁ@&&?@e%ér{-édr@é e,# edcﬁeols%%"ilage”t conpl exi ng,
g r-sequestering bivalent 1ons sucnh as cCal Clum or magnesi um
According to the invention, the external liquid

10 phase includes a gelling agent comprising gellan gum, alone
or in combination with at least one suitable gelling agent,
a filler, and a metal sequestering agent, the liquid
preferably being aqueous, more preferably the liquid is
water, preferably desionized or osmozed water.

15 By “gelling agent” 1in the meaning of this
invention, it is referred to an agent able to convert an
aqueous phase from a flowable or fluid liquid to a solid ox
a gel.

By ‘“sequestering agent” in the meaning of this

20 invention it is referred to any agent complexing, chelating
or sequestering bivalent ions such as calcium or magnesium
ions.

The term “substantially”, when referring to a
number or value, means + or - 10 % of the wvalue; when

25 referring to a sphere, it means a distorted sphere which
larger diameter is + or - 10 % of the diameter of the
expected sphere.

The term “wet capsule” in the meaning of this
invention, refers to a capsule which shell includes a
30 positive amount of water. The term wet capsule is used for

the calculation of percentages of ingredients in the final



ions. The term "substantially", when referring to a nunber or val ue, neans
+ or - 10 % of the value; when 25 referring to a sphere, it neans a

di storted sphere which |arger dianmeter is + or - 10 % of the dianmeter of the
expect ewospheeiesiThe term "wet capsul e” in the neani rrgTaB2dobb®90s nventi on,
refers to a capsule which shell includes a 30 positive amount of water. The
termwet capsule is used for the cal cul &ion of percentages of ingredients
in the final WD 2007/012981 PCT/ | B2006/ 002905 5 product or shell, as
opposed to the cal cul ati on based on the dry weight of said final product or

shel | . The RyRukakl &<apsel e, a%%ﬁgageaotbhezﬂéﬂvceélié@rhtwref@aﬁédyohas a
crush strength fromO. Oltoé Ed preferably from0.1 to 2.5 kp, edge
r &g

val ues bei ng‘—hen@rﬂr‘d@f@lglllheo siimgtarastuatheoc spedle i s neasured by
continuously applyi n]gn?Eﬁ ]8 fé C@ér#%/%@t&&g@d th_gI heughk,[enwgkure
e ca

The crush strength o es [ resen nvention'is neasured by
usi ng a textpyederta®lyTAnXE 19 pd:nssrﬂrcwmi\ércguh Stﬂa:lne By sttemcbn Gonjapesm on
node or LLOYD - Tl LLON Digital For Model DFIS. 50 Vi ng a
capaci t y 2of BXE§¥§TrablyeLgrnt Codk gf’ 682 % lu&@clﬁﬁéi‘}? 6P°lPde %

The force gapge |Snadd achefed 2 éfan%et h%éi%iﬁ‘é' e i$ ppsishpsed bg} the
m ddl e of a plate 15 that is noved up with a manual thread screw devi ce.

Pressure i s aongdnagmisilad arpdianby sankPachevepaheaklet oplo t GBS PaxtAGHef or ce

grpp: 'neﬁbf‘f %tl\&e;yucém{%;t Ple tOFENPLYLENGE bRE SRPSU S IdPayT el N Kg

present invention is measured by using a texturometer TA.XT

10 plus from Micro Stable System in compression mode or a
LLOYD - CHATILLON Digital Force Gauge, Model DFIS 50,
having a capacity of 25Kg, a resolution of 0.02 Kg, and an
accuracy of +/- 0,15 %. The force gauge is attached to a
stand; the capsule is positioned in the middle of a plate

15 that is moved up with a manual thread screw device.
Pressure is then applied manually and the gauge records the
maximum force applied at the very moment of the rupture of
the capsule, (measured in Kg or in Lb). Rupture of the
capsule results in the release of the core.

20 Gellan gum is a hydrocolloid which, according to
the invention, can be used as the sole gelling agent of the
external liquid phase, or in combination with at least one
ohter gelling agent. Other suitable gelling agents may be
alginates, agar, carragheenan, pectines, xanthan gum,

25 Arabic gum, tara gum, ghatti gum, karaya gum, dextran,
curdlan, welan gum, rhamsan gum or modified starches.
Suitable gellan gums are for example, but not limited to
deacylated gellan gum. Kelcogel® can be mentioned as a
suitable gellan gum.

30 The amount of gelling agent present in the shell

is 4 to 95%, preferably 5 to 75%, even more preferably is



capsule results in the release of the core. 20 Gellan gumis a hydrocolloid
whi ch, according to the invention, can be used as the sole gelling agent of
the external liquid phase, or in conbination with at | east one ohter

gel | i ngWageem01298t her suitabl e gelling agents may be P&TgBMWOE®I0Sagar ,
carragheenan, pectines, xanthan gum 25 Arabic gum tars gum ghatti gum
karaya gum dextran, curdlan, welan guf rhansan gum or nodified starches.
Sui tabl e gellan guns are for exanple, but not limted to deacylated gellan
gum Kel cogel (r) can be nentioned as a suitable gellan gum 30 The anpunt

of gelling agerioc pseseninoka rehablly 112 4:60495% Brefrighky & tehd5%
even nore preferably is WD 2 07/012981 PCT/ | B2006/ 002905 6 10 to 50% nore
preferably t2ted dovoweighkiehtthi shfdltotal dry weight of the shell. Wen

used in conmbination w QQQ&P I agent-, ratio
bet ween gel | an gumanéltel?lhaLtl %fotﬁer ge |ngg§ge%9%h gﬁ' ?%ﬂf8%?ggﬁ%o 20/ 80,
preferably @5&25ngoa§5h85 thedwewghtnnaelprbéEWa@mygélb@m6@mm0am@ tB@/SO
Preferab Y, t ratio el,li age dri el | er t han
10% pre eré%gﬁ ef'9t REF™ f@glif:ﬁ%%ﬁ%ﬁ%ﬁ%ﬂai?ysglégtePr?ﬁaﬁ % The
filler is awésgl tr.abl gsymb er iadld t&odén Caidrel NSFrEBSatne pebredEud ofodry

material in the external liquid phase or bring filmng properties.
| ncr easi ng 5ﬁé50dry material amount in a shell results in solidifying the 15

shell, and in making gyle ANgh Gal lohd &1 GIRST SLANE Q% gelling agent /
dried shell is greater than 10%, preferably greater than
10 12, more preferably greater than 15%.

The filler is any suitable material that can
increase the percentage of dry material in the external
liquid phase or bring filming properties. Increasing the
dry material amount in a shell results in solidifying the

15 shell, and in making it physically more resistant ozr
impermeable. Preferably, the filler is selected from the
group comprising starch derivatives such as dextrin,
maltodextrin, polyol, cyclodextrin (alpha, beta or gamma),
or cellulose derivatives such as

20 hydroxypropylmethylcellulose (HPMC), hydroxypropylcellulose
(HPC) , methylcellulose (MC), carboxymethylcellulose (CMC),
'polyethylene glycol derivatives, polyvinyl alcohol, polyols
or mixture thereof. -

The amount of filler in the shell is at most

25 98.5%, preferably from 25 to 95% and even more preferably
from 50 to 80% by weight on the total dry weight of the
shell.

Using a divalent metal sequestering or complexing
agent allows trapping the divalent metal iong which are

30 possibly present in the components of the liquid phase
including water and which have a gelling effect on gellan.

Thus, the use of a divalent metal sequestering agent,



i npermeabl e. Preferably, the filler is selected fromthe group conprising
starch derivatives such as dextrin, maltodextrin, polyol, cyclodextrin
(al pha, beta or ganma), or cellul ose derivatives such as 20

hydr oxywml,,ﬁ%g?yl cel lul ose (HPMC), hydroxypropyl celdddl@s6e06395C)
met hyl cel | ul ose (MC), carboxynet hyl cel | ul ose (CMO), po(yethylene gl ycol

derivatives, polyvinyl alcohol, polyols sor mxture thereof. The anount of
filler in the shell is at nost 25 98.5% preferably from25 to 95 and even
nore preferably from50 to 80% by weight on the total dry weight of the

shel |l . Using a divalent netal sequestering or conplexin agent al |l ows

t rappi ng thg’]%ﬁ%a‘q il !?été\ qa(}ﬁ'_é' rEft &5 ©85°548G; Bﬁﬁgﬁr eggﬂf’wfinkgﬁe
conponents Qfeltiks | i @4 d phasechnsktethddd Wat@lc g Whisladiavara egel birng
effect on gellan. Thus, the use of a divalent netal sequestering agent, WO
2007/ 012981 wRNtB23d6bde29e5lirg pier Brgibiie ofo-#xddiusigm-i on sequesteri ng

agent, allows the gellan to be co-extruded w thout undesirable or
uncontrol | abl e gel IThy dmoung tdfe sedeskeresing. afikatanbdinttofmesudsdt eri ng

cgent 15 e SRS A Lo HEe 0 PLASIPLS Besherably o

nost 0. y Wel'g Wei ght™ o €'s referably, the
wat er used figr vdighexiogr nak pbaae dip weight ze0l tiad etheddd/ or osnpzed wat er
usi ng processing water renmins pgssible but needs adjusti%% t he amount of

10 dival ent metal seqUet¥FaNg a watRE £ogr ithg gFdcETRd RhRseal

sal t, is deionized water and/or osmozed water; using processing
water remains possible but needs adjusting the amount of

10 divalent metal sequestering agent.

The sequestering agent is a metal salt,
preferably selected from the group comprising trisodium
citrate, trisodium phosphate, tetrasodium pyrophosphate,
sodium hexametaphosphate and mixtures thereof.

15 The hydrophilic external liquid phase may further
comprise at least one plasticizer, which may be at least
one of glycerol, sorbitol, maltitol, triacetine or
polyethylene glycol type product, or a polyalcohol with
plasticizing or humectant properties. Advantageously, the

20 hydrophilic external 1liquid phase further comprises at
least one colouring agent or pigment; according to a first
embodiment, the colouring agent or the pigment is in a form
of a powder or a suspension stable in an aqueous medium.
According to another embodiment of the invention, the

25 1liquid phase may include perfumes, aromas, fragrances or
any odoring agent.

According to one embodiment of the invention, the
co-extrusion step (A) of the process can be performed at a
temperature being from room temperature to  100°C.

30 Advantageously, it 1s performed at room temperature, which
means between 18 and 30°C, preferably 20-25 °C wunder

atmospheric pressure.



preferably selected fromthe group conprising trisodium citrate, trisodium
phosphat e, tetrasodi um pyrophosphate, sodi um hexanetaphosphate and m xtures
thereof. 15 The hydrophilic external |iquid phase may further conprise at

| east one plasticizer, which may be at |east one of glycerol, sorbitol,

mal ti t owO 1n7/@cesli ne or pol yet hyl ene gl ycol type pragugiB2o@o®opol yal cohol
with plasticizing or hunectant properties. Advantageously, the 20
hydrophilic external |iquid phase furthe& conprises at |east one col ouring
agent or pignent; according to a first enbodinent, the col ouring agent or
the pignent is in a form of a powder or a suspension stable in an aqueous

medi um  According tOgﬁeotctsecexemg%ﬁeategflghs ls@;\e%ﬂ&baeust her2ashbAui d

phase may include per aromas, fragrances or~ any odoring agent.
Accor di ng t @formavceiiopiident tcbie temelrnaéntindnhydheph@d)lexﬂnqgndnpbaep (A of

e, Br00eSS 430 4 BEIVSLIS By A S SINEA WSSl W LT 00 LefpLat e
means bet V\B@iérif%rﬁléd aee;n péﬁf appbkatﬁ@ aﬁdCaUpeleeesat aBspBseirébpdesaure. WO
2007/ 012981 PCT/I82006/002905 8 The co-extrusion step,is a synchronqus
extrusi of &% tMBaB3quitde dirclsguenat a{'f@q‘ﬂd%%pﬁﬁff?énl rggrgrprased  and

t he |nternahﬁaggfgkgﬂgglllc l'iquid phase which can be perfornmed using an

apparatus and a process as described in 5 EP 513603, the disclosure of which

i s herein incorporat edccbydingeremcen Aewbedimgnto of eisodinFRbtobnt he

| nvent i on, after the co-extrusion step (A), the solidification step is

performed by keeping cold the capsules in order to ensure

10 correct gelling of the shell, for example by contacting
them with a cold bath. The cold bath may preferably be cold
oil or cold emulsion. Cold means any temperature below
18"°C, preferably the temperature is from 2 to 10 °C, more
preferably 4 to 6 °C.

15 According to an embodiment of the invention, the
capsules may then be centrifuged in order to remove the
surplus oil, and/or washed with organic solvent (such as
acetone, ethyl acetate, ethanol, petroleum ether, etc.)
also to remove the surplus oil, and optionally dried in a

20 air flow at controlled temperature and humidity. The
relative humidity of the drying air is 20% to 60%,
preferably 30 to 50%; the temperature of the drying air is
of 15 to 60 °C, preferably 35 to 45 °C.

According to another embodiment, the capsules

25 are preferably immersed into an aqueous solution or an
emulsion containing a curing agent which comprises a
divalent salt and optionally an acid. The effect of the
immersion step is to wash out the o0il remaining at the
periphery of the capsule, and to gradually strengthen the

30 shell, notably through dehydration and osmotic equilibrium.

According to one embodiment of the invention,

after immersion, the capsules are dried in the same



after the co-extrusion step (A), the solidification step is perforned by
keeping cold the capsules in order to ensure 10 correct gelling of the
~shell, for exanple by contacting themwth a cold bath. The cold bath may
pref er a@lo/2089068:d o0il or cold enulsion. Cold neans @Ryigbseleosd ure bel ow
18"C, preferably the tenperature is from2 to 10 C, nore preferably 4 to 6
C. 15 According to an enbodi nent of the i{nvention, the capsules may then be

centrifuged in order to renove the surplus oil, and/or washed wi th organic
sol vent (such as acetone, ethyl acetate, ethanol, petroleumether, etc.)
also to renove the surplus oil, and optionally dried in a 20 air flow at

control | ed teafsEitdmse &#fl HORRERREd THRPOYRY at AoeCRHRYi t fCof ARENGEYI ng
air i1s 20% té?xz.)bga%g"merﬁr gfr\%gyy%é%%‘lfﬁgw%fkgg LEHRSSALIT € ok 1 s@gébng arr

is of 15 to prefera 5°C. According to another éenbodi nent,
t he capsul eare?maar elrireef.erably i mersed i nto an aqueous sol ution or an
emul si on containing a curing agent which conprises a divalent salt and

optionally an acid. The effect of the imersion step is to wash out the oil

remai ning at the peripherdur@hgt hggemps Prafezadlio omaghnddy Hivanehken the
30 shell, notably through dehydration and osnotic equilibrium According to

one enbodi newgtadf 1¢RESi nQENRi SRXtuget OF elendn metrl chpRr®l eSugheddried in

t he sane V\Dgaquj{ 01298k %gﬁégﬁggg{“q?ﬁg% 9 conditions as nentioned above.

Accordi ng to another “enbodi I nvention, after inmmersion, the
capsules are not driethe agqueous solution or emulsion containing the

curing agent is preferably a divalent metal salt solution,

10 preferably containing calcium or magnesium salts, more
preferably, calcium dichloride, calcium carbonate, calcium
sulfate or dicalcium phosphate. This solution may be the
aqueous phase of an oil-in-water emulsion. This solution
can be at a temperature comprised between 2°C and room

15 temperature. Advantageously, the agueous solution
containing the curing agent is maintained under acid
conditions of pH, and preferably at a pH less than 5, more
preferably from 2 to 4. According to a preferred embodiment
of the invention, the aqueous solution or emulsion

20 containing a curing agent is a calcium chloride solution
having a pH of 3 to 4.

The aqueous solution containing the curing agent
can also contain preservatives or bactericides such as
benzoate, parabens, diols, cetylpyridinium chloride,

25 diazolidinyl urea or any preservatives used for £food,
pharmaceutical or cosmetic products.

According to one embodiment of the invention, the
process comprises the steps of co-extruding the above
mentioned external and internal liquid phases, optionally

30 solidifying and/or gelling the surface of the shell by
keeping the capsule under cold conditions, as explained

herein above, optionally centrifugating, optionally washing



5 The curing agent preferably conprises divalent netal ions, or a mxture
of divalent netal ions, such as calciumions or nagnesiumions. The aqueous
solution or erulsion containing the curing agent is preferably a dival ent
nmet al sald209pbmavdion, 10 preferably containi ng cal ci roTOB2008Qeees um sal ts,
nore preferably, calciumdichloride, calciumcarbonate, calcium sulfate or
di cal ci um phosphate. This solution may be the aqueous phase of an
oil-in-water enulsion. This solution can be at a tenperature conprised

bet ween 2C and room 15 tenperature. Advantageously, the aqueous solution

containing the EH%PQa&?‘ﬂS cgsmgﬂwt@ﬁ% ua@gf,\?@gir g%lgeﬂéltimérﬂrg'i and

t
preferably at a pH TesSs than nore prefera to 4. According to a
preferred etthedreenilting thesiubhegeninbn, atheqagoesusodotiibnonontaemingi on 20
containing a curtng ggent S chlori.de gglution having a pH of 3
o]

cal.ciu
to 4. The afuEBhs™ Bibn %ﬂﬁfﬁ?'Qﬂ? e TdiPHg P85 iRPSEaR=al so cont ai n

preservatives or bactRiddridles $4CbnasembeBifahe, oPatheenfvedt 008, the
cetyl pyridiniumchloride, 25 dlazolldlngl urea or_any preservatives used for
€8

food, ~phar Redédifrangsgetbbmelturincodaeess Aasor BengIatnerrd eABsEi ment of
the inventi ggggige Sangjgce§§rc§ggﬁfg_sg&hﬁj%g§% o{hgo-c ?{?{13%52%# e above

menti oned ex nal intern qui d”pha , optrona I fying
and/ or gel | baght hengetf acédotcohdét $bes} byntkempmagthdedtepsehie weter col d

condii ons: 23 exP! oL ngt gt 1, ABNG) OBLOReLLE-CORL! T e

preferably, calcium dichloride, calcium sulfate or

10 dicalcium phosphate. This bath may be an oil-in-water
emulsion.

The capsules manufactured through the process

according to the invention are substantially or perfectly

spherical and very homogeneous in size.

15 This invention also relates to breakable capsules
which are preferably seamless capsules susceptible to be

obtained through the process according to the invention.

The capsule of the invention comprises a core and a
shell, and said shell includes a gelling agent comprising
20 gellan gum alone or in combination with another gelling

agent, a filler, and a divalent metal sequestering agent.

Preferably the gelling agent of the shell is a
combination of gellan and of at least one other gelling
agent selected from the group consisting of gelatin and

25 hydrocolloids such as agar, carragheenan, pectins, xanthan
gum, alginate, tara gum, arabic gum, ghatti gum, caroub
gum, cellulose gum, dextran, curdlan, welan gum, rhamsan

gum or modified starches.

According to a preferred embodiment of the
30 invention the filler and the sequestering agent, are as

described hereinabove.



t he so-obtained capsules with an organic solvent, imersing the resulting
capsul es into an aqueous solution containing a curing agent, and optionally
drying the capsules. According to one enbodi nent of the invention, the 5

sol i di fW g@llzl,glng/curi ng steps can be gathered int g, psdod)SesSt ep, for
exanpl e by di pping the capsules into a bath, under coIdBcondltions,

containing the divalent netal salts, preferably calciumor magnesiumsalts,
nore preferably, calciumdichloride, calciumsulfate or 10 dical cium
phosphate. This bath may be an oil-in-water enulsion. The capsul es

manuf actured throu t he. process cordi 0 the inventjon.,are
substantially or p%t?]‘?‘é%"fq g s%%e??%@?e%nﬁ%éjs}“?{g}mgg%%oﬁéeflﬂ?'l §PFEReYs This
invention alsmpralsales bPabteakabl easapsstr@bediheste ida®oRieef erably seanl ess
capsul es susceptible to be obtained through the process according to the

invention. The capsphe hothe LRVEILLEACEOEP! HaBSed Gk antip t8hebk, and
said shell includes a gelling agent conprising 0 gellan gumalone or in

conbi nat i on b twelkoist heprefedfanly afjeom , 2% £P| &5, ahdvelghival @pd AEes|
sequest eri n e f the_gelling a f e_,she '

conbi nat |50ngno ggﬁeafn%%&%?ﬁﬁnlgagg (%Iblé %yhg%qégl%l |C;ngg; t%%e{r:l t?l;“; g(’:"?ed from
t he group canrsiciti of ahegehalln and 25 hydrocol | oi ds such as agar,
carragheenan, pectins, xanthan gum alginate, tara gum arabic gum ghatti
gum caroub gum cEtdeddisey HoNthentandedungbant walidn cgpeulebangae gum
or nodified starches. According to a_preferred enbodi nent of the 30

i nvention t &Sl ey gREtRAR @gﬁ%s’t‘ Hhigrefgech &% perfumes, aromas,

or any flavoring agent.

10 According to the intended use of said capsule, the
shell may comprise coloring agent such as pigments,
titanium dioxide, iron oxides, carbon black, or any type of
food, oral care, cosmetic or pharmaceutical pigment such as
Covasorb colors distributed by LCW.

15 The shell of a breakable capsule according to
the invention represents by weight 8 to 50% of the total
weight of said capsule, preferably 10 to 40%, more

preferably 20 to 30%.

The amount of water present in the shell is of
20 1 to 60 %, preferably 5 to 40 % the capsule remaining

breakable even at the higher percentages.

According to a preferred embodiment, the breakable
capsule according to the invention has a crush strength of

25 from 0.01 to 5, preferably from 0.0l to 2.5 kp.

Advantageously, the shell thickness of the
capsule is 10-500 microns, preferably 30-150 microns, more

preferably 50-60 microns. The ratio diameter of the



descri bed herei nabove. WO 2007/012981 PCT/ 1B2006/ 002905 11 According to
anaot her enbodi nent, the shell further conprises a plasticizer as described
her ei nabove. The anount of plasticizer ranges fromO0.1%to 30% by weight,
pref er alG2007/02982% t 0 15% by wei ght, and even 5 norepqu/mRencabiogs from 3 to
10% by wei ght of the total dry weight of the shell. According to the

i ntended use of said capsules, the shehkb may contain other additives such
as perfunes, aromas, or any flavoring agent. 10 According to the intended
use of said capsule, the shell may conprise coloring agent such as

pi gnents, t] i I OXI LEO XJ , scar.ho I . _or y .t of
food, oral éﬁ%%@l%zggégﬁgggﬁ %ﬁa?%%&%u ical ﬁ?b%%h %%@@ﬁ ggach§%ggpb col ors
di stri but ed giefkdbli5s5The sbell of a breakabl e capsul e according to the

i nvention represents by weight 8 p@ 50% of the {otaL mei% t of sa'g
capsul e, preferably 18%€o 4A8%° not ®f eF@BFY-20 £8 3% fﬁ71§ﬁﬁh ¥ of

vat er presenispdgle el nigefle 8@ halt@r881% J¥ ebLsAR s SwhOcAO a%et he

capsul e remaining breakable even at the higher percentages. According to a
preferred edipopidatc Phepbreafkiby esobdplslia &fdwndilng oo afh@olegaAeson has

a crush str%¥%%E% Eedzgﬁf5?%?§§94r755fhﬁﬁﬁfgflﬂply fromO0.01 to 2.5 kp

Advant ageous € Sh Nness o € capsule is 10-500 mcrons,

preferably 30-150 mcrqQnpns, nore r ef erabl -60 _mcrons. The.rati

di aneter of the %%e core o &g £mea%ag9e capsule "according 2
the invention represents by weight 50 to 92% of the total
welight of =said capsule, preferably 60 to 90%, more

10 preferably 70 to 80%.

The core of the capsule may be composed of one
or more lipophilic solvents conventionally used in the
food, pharmaceutical or cosmetic industries. In a preferred
embodiment, these lipophilic solvents may be triglycerides,

15 especially medium chain triglycerides, and in particular
triglycerides of caprylic and capric acid, or mixtures of
triglycerides such as vegetable o0il, hydrogenated oil,
coconut oil, palm oil, olive oil, sunflower oil, corn oil,
linseed oil, cottonseed oil, groundnut oil, grape seed oil,

20 wheat germ oil, fish o0il, Dbeet fat, mineral oils and
silicone oils. The amount of lipophilic solvent in the core
of a capsule according to the invention is of the order of
0.01 to 90%, preferentially 25 to 75%, of the total weight
of the capsule.

25 The core may also comprise one or more aromatic
or fragrance molecules as conventionally used in the
formulation of flavoring or fragrance compositions. Mention
will in particular be made of aromatic, terpenic and/or
sesquiterpenic hydrocarbons, and more particularly

30 essential oils, alecohols, aldehydes, phenols, carboxylic

acids in their various forms, aromatic acetals and ethers,



WO 2007/ 012981 PCT/ 1B2006/ 002905 12 capsul e/t hi ckness of the shell is in
the range of 1 to 100, preferably 5 to 30. The core of the capsule is
preferentially conposed of a mxture of materials or products which are 5

| i pophi W()Czoﬂf/oﬂ?@fﬁti ally soluble in ethanol, or of nolgkqugsseohRsdTul ated as
oi | /water/orl emulsions. The core of a breakabl e capsul e according to the

i nvention represents by weight 50 to 92%.,0f the total weight of said
capsule, preferably 60 to 90% nore 10 preferably 70 to 80% The core of
the capsul e may be conposed of one or nore lipophilic solvents
conventionally used in the food har maceuti cal_ or cosnetic industries. In

p ,

a pref er r ed RiGASSENREAL NEERESEYFLPBPHFTT IS RIS das, 198 sukfdidpsepides, 15
especial |y nRAiddghal Rutidil HEF bECEroRBEi b N oRAId F W bmat {4 0! YECHgeS Of
caprylic and capric acid, or mXxtures of triglycerides such as vegefable
oi |, hydrogexistced compriseoconat ofl , meied mretlecwlda/e aat | exbmsafdteneifoni | |
corn oil, linseed oiIé cottonseed oil, groundnut oil, grape seed oil, 20
wheat germ(ﬁQ%m "ShUSrI, beet fat, mineral oils and silicone oils. The
amount ofs |ipophilic stlevesdrd nmajpealooe conbraseapsid eoncmordi ) llerishe
invention is of the agrder of 0.01 tg 90% prefenentiﬁiif 25 to 75% of the
total wei ght®s ofSefe apRIPRALLE FRELELPRS mayleRtdfTco sOMEeSE Rbre

aromatic OrgfAQ aBGk, MHeeU! £Ss At CORVEHd 088tLY 'éﬁﬁ\d tPobhe sftml ation
of flavoring or fragrance conpositions. Mention w Il 1n particular be nade

of aromati c,aced@aseni bsebulywrate (SAIB) or brominated vegetable oils.
The function of these weighting agents is to adjust the
10 density of the liquid core.

The core may also comprise one or more
sweeteners, which may be provided in the form of a solution
or suspension in ethanol. Examples of suitable sweeteners
may be, but is not limited to, aspartame, saccharine, NHDC,

15 sucralose, acesulfame, neotame, thaumatin, steviosides,

etc.

The core may also comprise one or more "sensate'
aromatic agents, which provide either a freshening effect
or a hot effect in the mouth. Suitable freshening agents

20 may be, but are not limited to, menthyl succinate and
derivatives thereof, in particular Physcool® marketed by
the Applicant. A suitable hot effect agent may be, but is
not limited to, vanillyl ethyl ether.

The flavoring agents that can be solubilized in

25 the solvent of the core of the capsule include, but are not
limited to, natural or synthetic aromas and/or fragrances.
Examples of suitable fragrances are fruity, confectionery,
floral, sweet, woody fragrances. Examples of gsuitable
aromas are vanilla, coffee, chocolate, cinnamon, mint. The

30 core may also comprise a lipophilic color such as fake

colors but also natural colors such as paprika oleoresin,



sesqui terpeni ¢ hydrocarbons, and nore particularly 30 essential oils,

al cohol s,

aromati ¢ acetals and ethers, WD 2007/012981 PCT/ 1B2006/ 002905 13

ni troge ocycl es, ketones, sulfides, disulfi Laptans
whi ch n@@”@gﬂﬁfg fatic or non aromatic. It may al so g@ﬁﬁ??@@”@%@ or nore

nol ecul es or extracts for cosnetic use. 5 The core may al so conpri se
nore fillers as used in aromatic enul siéns. Mention will be nade of

gum wood resins of the ester gumtype, sucrose acetate isobutyrate (SAlB)
or brom nated vegetable oils. The function of these weighting agents
adj ust the turmamidtqla@kesha | icquiodeveee. chherophel hiuy, absoaugnpthse one or

nore sweeteners, -which
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25

care products, nutraceutical products, pharmaceutical
products, cleaning products and cosmetic products. The
invention thus relates to a food product including
breakable capsules according to the invention; an oral care
product including breakable capsules according to the
invention, preferably a toothpaste including breakable
capsules according to the invention; a pharmaceutical
product including breakable capsules according to the
invention; a fragrance including breakable capsules
according to the invention.

The capsules of the invention may be within a
slurry, in suspension in a gel, preferably carried out with
a gel forming agent such as xanthan gum, gellan gum, CMC or
Carbopol, araboxymethyl cellulose, or any polymer commonly
used as suspending agent and optionally comprising
preservatives and stabilizers.

The total weight of the capsule of the invention
depends on its diameter and on the amount of core filling
the shell. According to an embodiment of the invention, the
total weight of the capsule is within the range of 0.1 to
50 mg, preferably 0.2 to 20 mg, more preferably 0.5 to 10

mng.



limted to, natural or synthetic aromas and/or fragrances. Exanples of
suitable fragrances are fruity, confectionery, floral, sweet, woody

fragrances. Exanples of suitable aromas are vanilla, coffee, chocol ate,
Ci NNaMRq b IHf1208]Ne 30 core may al so conprise a |i poplirhbsiosM00s such as

fake colors but also natural colors such as paprika ol eoresin,
2007/ 012981 PCT11B2006/ 002905 14 turnerikc ol eoresin, carotenes,
chl orophyllin, or any other suitable natural coloring product. The core may

also include |ipophilic active agents, such as vitamns, nore preferably
vitamn B; fatty acid preferably ogega 3 and. 5 natural extracts, pf

pl ants. The capsul es zt‘@c‘?orjd?_ﬁ%n ]oaéf thi %%%?q%%ercaﬁﬁggsgfﬁg?%d% i%ﬁ?/ari ous
products, suefllawihgodepamsiiss s, wiriah eabalar ofbet be Ndohaddetedal as
products, pharnmaceutical products, c]eaning products and cosnetic products.
The 10 i nventiBhingushiperares b &% oW SHIR t i ncluding breakabl e
capsul es according to the invention; an oral care product including

br eakabl g cgg;gggéggccording to the invention, preferably a toothpaste
including b capsul es according to the invention; a pharnmaceuti cal
15 product Ep%hPQing br eakabl e capsul es according to the invention; a
fragrance i br eakabl e capsules according to the invention. The
capsules of the invention may be within a slurry, in suspension in a gel,

preferably carried out with 20 a gel forning agent such as xant han gum
gel l an gum hol EapEYpsP, (ARABBXSHetfyP0del M) 038 BFeBAYSROPYnEP-

commonl yjg UGE AR:i8HSPENdLRgeR0eN AR BRLLENAHY SAMPIAtAA1 liquid

phase presenting the following compositions:

Outer liquid phase %/total % / dry % wet
Dry matter: 15,0% weight matter capsule
gellan 2.000% 13.33 1.482
Sorbitol 1.000% 6.67 0.741
Dextrin Cristal Tex 11.400% 76.00 8.445
648
Sodium citrate 0.200% 1.33 0.148
Citric acid 0.1% 0.67 0.074

. unipure blue 0.300% 2.00 0.222

pigment CI77007

Deionized water 85.000% 62.968
100.000% 100

Internal liquid % %

phase

Ethanol 5.0000% 5%

Miglyol 8128 81.5000% 81.5% 22.245%

Menthol codex 13.5000% 13.5% 3.685%
100.0000% 100.00% 100%




preservatives and stabilizers. The total weight of the capsule of the
i nvention 25 depends on its dianeter and on the anmount of core filling the
shell. According to an enbodi rent of the invention, the total weight of the

capsul ey |t bdd the range of 0.1 to 50 ng, preferPigShodosLs20 My, nore
prefer amo;slzo}g‘{/@%t% 10 ng. WO 2007/012981 PCT/1B2006/ 002905 15 The invention

is hereunder illustrated by the followpg exanples, which should not be
considered as limting the scope of the invention. 5 EXAMPLES Exanple 1
Ment hol Capsules (referred as 3039/ Al) are prepared by co- 10 extrudi ng an
outer liquid phase and an internal liquid phase presenting the follow ng
conpositions: Quter liquid phase %Ytotal %/ dry %wet Dy matter: 15,0%

wei ght matter capsdl @prg8hban RpRR%s1333 derfia Ll Bidd! tio08A%-Ae87 0. 741
Dextrin Cristal Tex 11.400% 76. 80 8.445 648 Sodiumcitrate 0.200% 1. 33

0.148 G trinsfaeirdd0.a0o B187 aA7M1b uni giarswiage Hrepo®pehocakdp2argi gment
C177007 Dei quiAed et g6c8PoR00R0 Oadffs % RURHILNG 8RR Jhhaphdn % %
5 immersed in a bath containing an agqueous solution of
calcium chloride (0.1% for Ala and 1% for Alb) at pH=3.5 at
T=20°C during 15 minutes.
Wet capsule crush strength (gel strength) is then
measured for both capsules Ala and Alb using a texturometer
10 TA.XT plus from Micro Stable System to compare influence of
concentration of calcium (the results are presented on
Figure 1).
Wet capsule strength is higher using 1% CaCl2 solution
than using 0.1% CaCl2 solution.
15 After drying, crush strength of the capsules is

measured using a texturometer in compression mode.

3039/Ala 3039/A1b

Crush strength | 184g 186.6g9
(dry capsules)

The obtained capsules present the following physical

20 characteristics:

diameter: 2mm,

thickness of the shell: 0.096mm,

total weight: 4mg,

weight of the core: 2.8mg (70%),
25 weight of the shell: l.2mg (30%).

Such capsules are then placed into a clear
toothgel and bring nice visual effect of spherical blue

capsules liberating menthol when broken.



phase Et hanol 5.0000% 5% M gl yol 8125 81.5000% 81. 5% 22. 245% Ment hol codex
13. 5000% 13. 5% 3. 685% 100. 0000% 100. 00% 100% WO 2007/ 012981

PCT/ 1 B2006/ 002905 16 The obtai ned capsul es are separated into two batches
referre nd Al b. Capsules fromeach batch ar 4C for Ih
washed gﬁqazﬁ"@‘ég?sgni sed water and then 5 imersed in 3’%@@2405@%?‘5 ning an
aqueous solution of calciumchloride (951@6f0r Ala and 1% for Al b) at
pH=3.5 at T=20C during 15 mi nutes. Wt~ Ccapsul e crush strength (gel
strength) is then neasured for both capsules Ala and Alb using a
texturometer 10 TA. XT plus fromMcro Stable Systemto conpare influence of
concentrati cium (the results are presented on Figure 1). Wt
capsul e strgk i i r i b % caGl2 oS i n j 1% CaCl2
sol uti on. 1?9%%%?&&?& ng,eééréulfs% st rgr%gt %SO%b?%éggépég?egyégggﬁga%r ed using
a text ur oneterekhroding essi@itamwdequ3@E3dphakba 308944l bnt€rush siqeidt h 184g

186. 6 d I Th t ai I t the follow hysi cal
20 char act cPREePCEr SHP AR P o LGl ETE50f CeHESShel 1 0. 096mm ¢ ot a
wei ght : 4nyg,

Outer liquid phase %/total % / dry
Dry matter: 13.0% weight matter
gellan 2.000% 15.38%
Sorbitol 1.900% 14.62%
Dextrin Cristal Tex 8.500% 65.38%
648
Sodium citrate 0.200% 1.54%
Calcium citrate 0.100% 0.77%
Titanium dioxide 0.300% 2.31%
Osmosed water 87.000% 100%

100.000%
Internal liquid %/total % without
phase weight ethanol
Ethanol 5,0000%
Miglyol 8128 58.9000% 85,79%
Cinnamon 19.6000% 14,21%
Physcool 10.0000% 10.53%
N-ethyl-p-menthane- 6.5000% 6.84%
3-carboxamide
commercialy
available as WS3
Total 100,0000% | 100,00%




wei ght of the core: 2.8ng (70%, 25 weight of the shell: 1.2ng (30% . Such
capsul es are then placed into a clear toothgel and bring nice visual effect
of spherical blue capsules | i berating nenthol when broken. WO 2007/012981
PCT1020 W@ Exanpl e 2 G nnanon Capsul es “%ﬁhﬁ%@ﬂ)z@& 4053/ Fl )
are prepared co extrud| ng an outer liquid phase and an internal Iiquid
phase presenting the follow ng conpositjons: 5 Quter liquid phase %total %
[ dry Dry matter: 13.0% weight matter "~ gellan 2.000% 15. 38% Sorbit ol

1. 900% 14.62% Dextrin Cristal Tex 8. 500% 65.38% 648 Sodiumcitrate 0.200%
1.54% Calciumcjtrate_0.100% 0. 77% i um di oxi.de 0.300% 1% .Osnosed
wat er 87. 00695 19858108 RRAMISH &5TalCoP ﬁ&glGtwﬁtStSPr@@Vnt%%%?eg Wede wei ght
ethanol - Et hanch; 2800086 Muaky ohef125mE8:8809% 85 A% Sviasiom 8211%@000%

14, 21% Physcool 10.0000% 10.53% N-eth y p- ment hane- 6.5000% 6 %
aqueous solution containing 1.25% of calcium chloride

pH=3 at T=20°C during 30 minutes.

5
The obtained capsules present the following physical
characteristics:
diameter: . 2mm,
thickness of the shell . 053mm,
10 total weight : .87mg,

.62mg (71.98%),
.24mg (28.02%),

welght of the core:

o O O o B

weight of the shell :

Capsules are then incorporated into a toothpaste base
15 containing mint flavour and cinnamon capsules 4053/Fl1 at a
0.2% wuse level. During brushing, cinnamon flavour is
clearly identified showing good breakability of the

capsules.

20 Example 3

Orange capsules (referred as 5053/Cl) are prepared by
coextruding an outer liquid phase and an internal liquid

phase presenting the following compositions:

25
Outer liquid phase %/total % / wet
Dry matter: 15.0% weight capsule
gellan 2.000% 0.95%
Sorbitol 1.000% 0.45%
Dextrin Cristal Tex 11.4% 5.36%




3-carboxam de commercialy available as W53 Tot al

100, 0000% 100, 00% WO

2007/ 012981 PCT/ 1 B2006/ 002905 18 The obtai ned capsul es are cooled at 4C for
| h, washed with deionised water and then imersed in a bath containing an

aqueous
during
characteris
total weigh
shel |
base 15 ¢

gﬁgﬁﬁhh@&ncontaining 1. 25% of calciunlchlorideb
utes.
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tions: 25 Quter
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Internal liquid
phase

%

°
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Orange flavour

19.905% 5.47%

Coconut oil

o
)

80 47.7%

Paprika color

0.095% 0.06%

Total

100,0000% | 100,00%

10

15

20

Wet capsule crush strength

(gel strength) is

then measured

using a texturometer TA.XT plus from Micro Stable System.

Crushstrength value obtained is 15g and these capsules are

easily broken under the teeth.

The obtained
characteristics:

Diameter :

Thickness of the shell:

Total weight:

capsules

present the follo
2.5 mm
0.32 mm

8.2 mg

wing physical

Capsules are then placed into a suspension of xanthan gum

to be applied to beverage application.

Capsules can be

swallowed or broken under the teeth to liberate the flavour

into the mouth.



gellan 2.000% 0. 95% Sorbitol 1.000% 0.45% Dextrin Cristal Tex 11.4%5. 36%
WO 2007/ 012981 PCT/ 1B2006/ 002905 19 648 Sodiumcitrate 0.200% 0.01% water
84.5% 40% 100.000% Internal liquid % % phase Orange flavour 19.905% 5. 47%
Coconut_0il 80% 47. 7% Paprika col or 0.095% 0.06% Total 100, 0000% 100, 00%
Vet cap¥0227018h strength (gel strength) is then meRSHABHOQHI, 5
texturonmeter TA XT plus fromMcro Stable System Crushstrength val ue
obtained is 15g and these capsules are 2% easily broken under the teeth. The
obt ai ned capsul es present the foll ow ng physical characteristics: D aneter

: 2.5 mm Thickness of the shell: 0.32 nm 10 Total weight: 8.2 ng Capsul es
are then plEradplate a suspension of xanthan gum to be applied to beverage
application. Capsules can be swallowed or broken under the teeth to

| i berate the flavour 15 into the nouth. 20 WD 2007/012981 PCT/ | B2006/ 002905

Menthol capsules (referred as 5025/Bl) are prepared by
coextruding an outer liquid phase and an internal ligquid

5 phase presenting the following composition:

% dry capsule % wet capsule | % wet capsule
untreated treated with acid
as calcium

releasing agent

Outer liquid | % $/total | % &/total | % %/total
phase shell |weight |shell |weight |shell |weight
gellan 13.333% | 3.6% 2% 1.423% 2% 1.423%
Sorbitol 6.667% 1.8% 1% 0.712% 1% 0.712%
Dextrin 76% 20.52% 11.4% 8.111% 11.4% 8.111%
Cristal Tex
648
Sodium 1.333% 0.360% 0.2% 0.142% 0.2% 0.142%
citrate
Citric acid 0.667% 0.180% 0.1% 0.071% 0.1% 0.071%
Unipure blue | 2% 0.54% 0.3% 0.213% 0.3% 0.213%
pigment
CI77007
water 0% 0% 85% 60.480% 85% 60.480%
Internal
liquid phase
ethanol 0% 0% 0% 0% 0% 0%
Miglyol 8128 47.368% | 34.579% 47.368% | 13.664% 47.368% 13.664%
Menthol codex | 52.632% | 38.421% 52.632% | 15.183% 52.632% 15.183%
Total 100% 73% 100% 28.8% 100% 28.8%
Total 100% 100% 100%




20 Exanple 4 Menthol capsules (referred as 5025/Bl) are prepared by
coextruding an outer liquid phase and an internal liquid 5 phase presenting
the foll ow ng conmposition: %dry capsule % wet capsule % wet capsule
untreated treated with acid as calcium releasing a iquid %

% t ot al VR THEW! % % total phase shell weight shel ﬁ’%."gﬁ{"&féﬂd& | wei ght
gellan 13.333% 3.6% 2% 1. 423% 2% 1. 423% Sorbitol 6.667% 1.8% 1% 0. 712% 1%
0.712% Dextrin 76% 20.52% 11. 4% 8. 114% 11. 4% 8. 111% Cristal Tex 648

Sodi um 1. 333% 0. 360% 0. 2% 0. 142% 0. 2% 0. 142% citrate Ctric acid 0.667%
0.180% 0. 1%0.071% 0. 1% 0.071% Unipure blue 2%0.54% 0. 3% 0.213% 0. 3%
0.213% prgrant CL77Q0%-3water 0% 0% B9% 60. 480% 85%:1609480% | nt er pal

| i quid phasgngthanol [0% 0% 0% 0% 0% 0% M gl yol 812% 47.368% 34.579% 47. 368%
13. 664% 44--368%-13-664% | %—52.632% 38 421% 52 632% 15.183%

AR S & - u e g o o o= A e ~

52.632% 15. 183% Total 100% 73% 100% 28. 8% 100% 28. 8% Total 100% 100% 100%
The treatment of wet capsules with an acid as calcium

remleasing agent allow the enhancing of the crush strength

of the capsules.



WO 2007/ 012981 PCTI | B2006/ 002905 21 Crush 94.31 g 5.09 g 15.09 g strength
The treatnment of wet capsules with an acid as calcium rem easing agent

al l ow the enhancing of the crush strength of the capsules. 22 CLAIMS 1. A
seanl ess breakabl e capsul e conprising &2core and a shell, wherein the shel
includes a gelling agent conprising gellan gumalone or in Konbination with
anot her gelling agent, characterized in that the shell further includes a
filler, and a divalent netal sequesighiffg agent sel ected fromthe groupe
conS|st|ng of trisodiumcitrate, trisoorum phosphate tetrasodi um

pyr ophosphat e, sodlun1hexanetaphosphate and m xtures thereof, wherein the

anout of the f ijlh_leer 541%%&%% shegl caltq fe1[ omﬁggléocgé% Ao] 1n§€l ggg narliolpea t ot al

dry wei ght of t anoun 8'sequest ering agent at” nost 2%
by meightsmﬂlﬂruwhaﬁaab dihye w&mght1mk1uﬁesshe@bl12ngThgeseanb3551Qngakable
capsule accaording to erein _the i aneter _of the capsule i's
oo to A ettt i SRR PE R e A S A R 1 o
2, wherei cidheqgellizag agefittat Sciae wmnnaﬁromemflrgﬂdd@@ andiloee, geld i ng
agent sel ected fron1the q{ou consistin elatin ﬁgr% Fcarra eenan,

u

pectins, xantha gtm StGEﬁPgagéFﬂ%I eleehad B apt an gum
rhansan gufarcglstmgl figd stercdwsid Thetsgad) esschiRakabl e papsphece
According to claim1l, wherein the gellln agent is gellan %gn1alone.
tetrasodium  pyrophosphate; ium hexametaphosphate and
mixtures thereof, wherein the amout of the filler in the shell
is from 50 to 95% by weight on the total dry weight of the
shell, the amount of the sequestering agent is at most 2% by

weight of the total dry weight of the shell.

2. The seamless breakable capsule according to claim 1,

wherein the larger diameter of the capsule is 0.5 mm to 8 mm.

3. The seamless breakable capsule according to claim 1
or 2, wherein the gelling agent is a combination of gellan and
one gelling agent selected from the group consisting of
gelatin, agar, carrageenan, pectins, xanthan gum, cellulose
gum, alginate, dextran, curdlan, welan gum, rhamsan gum or

modified starches

4. The seamless breakable capsule According to claim 1,

wherein the gelling agent is gellan gum alone.

5. The seamless breakable capsule according to claim 1,
wherein, when wused in combination with at least another
gelling agent, the weight ratio between gellan gum and the
other gelling agent(s) is from 80/20 to 20/80, preferably
75/25 to 25/75, and even more preferably from 60/40 to 50/50.



5. The seanl ess breakabl e capsul e according to claim1l, wherein, when used
in conbination with at | east another gelling agent, the weight ratio

bet ween gellan gum and the other gelling agent(s) is from80/20 to 20/ 80,
preferably 75/25 to 25/75, and even n23e preferably from 60/40 to 50/50. 23
6. The seaml ess breakabl e capsul e according to anyone of clainms 1 to 5,
wherein the filler is a starch derivative such as dextrin, maltodextrin,
cycl odextrin and/ or cel lul.ose .derivative _such as
hydroxypropylin%thylﬁhﬁI%ﬁ%ﬂﬁ?%fHﬁWE?Fa%%ﬁdFS??B?%p?FS%f?ﬂ?%S%O(?ﬁ%ﬁ?e

met hyl cel | of osea{M&) 1 pol gvi nylereahceohel $ilpetyoksaorsterxhudesivheieof . 7.

Th m b kabl e A di t [ f.clai to 6
whor oi n L REEhET FUECGy BORGPISES dn SH 0o RH T A FON EREr oup

conpri si ngdétichataseCi tgwire, agl utlyeBalero@d Paitey1tumbtiades gl(uewoat e and
salt of glucono- delta-lactone, and m xtures thereof. seani ess

8. Th
br eakabl e REPUNYRTLEYOFATF hYL 2 afidne BFCIolkgete 11985 7MChaSPHéY§h”%%ush

strength fromibi1Ql 18150kP. or hixthecgeaAtesse br eakabl e capsul e according to
anyone of clainms 1 to 8, wherein the ambunt of plasticizer ranges fromO0.1

to 30% by weight, preferably from2%to 15% by wei ght and even nore
preferably from 3 torhk0%dymwisghireafkabhe tapalilednycwedghy ob bheoshel |.

10. The seapl ess, breakabl e capsul e accordi o anyone of claims 1 to 9,
havi ng an G USH ST ngch Gr IR 0%, TiG BURDY THTA GEBBELEeFop acid

manuf act ur 4o: a sseantess drgpakaht e Hapsul eomsendidingstieh anyoneiefaed ai ns 1
to 10, conprising - co-extruding an external and hydrophilic Iiquid phase,
and an i nterHATRRESl | EPRATT ¢ TUHFAE SphasBCORI DrfEt S2d U GEnPlucono-

delta-lactone, and mixtures thereof.

8. The seamless breakable capsule according to anyone

of claims 1 to 7, having an crush strength from 0.01 to 5 kp.

9. The seamless breakable capsule according to anyone
of claims 1 to 8, wherein the amount of plasticizer ranges
from 0.1 to 30% by weight, preferably from 2% to 15% by weight
and even more preferably from 3 to 10% by weight of the total
dry weight of the shell.

10. The seamless breakable capsule according to anyone

of claims 1 to 9, having an crush strength from 0.01. to 5 kp.

11. A process for manufacturing a seamless breakable
capsule according to anyone of claims 1 to 10, comprising

- co-extruding an external and hydrophilic liquid phase,
and an internal and lipophilic liquid phase, in order to form
a capsule constituted of a core comprising the internal and
lipophilic phase, and a shell comprising the external and
hydrophilic phase,

- immersing into an aqueous solution containing a curing

agent comprising calcium ions,



a capsule constituted of a core conprising the internal and |ipophilic
phase, and a shell conprising the external and hydrophilic phase, -

i mrersing into an aqueous sol ution containing a curing agent conprising
calciumions, 24 wherein the external 24i qui d phase includes the gelling
agent conprising gellan gumalone or in conbination with another gelling
agent, the filler, and the bivalent netal sequestering agent. 12. The

process for naq&&g%g%rlqgaa seam s;kbre kahbl e 09(§H%ﬁ¥9gtordln to claim

11, conprising:" = So ext Tuding an extetna éhﬁfﬁ1 § q@i d phase,

and an i nteyerad andptipophi betlbhquwwh phasee iar otdercdndifmartiona wiapsul e

constituted of a core conprising the internal an i paphi l.i c _phase .and a
Shel | corpPiEiag (et bitbr AEERhnd SRy oIt | cophasee” DofRleGa Torel

sol i di fyi ngeandierigel hgage t he surface of the shell by keeping the capsule
under cold conditions, - optionally washing the so-obtained capsule with an
organic solvent, - immersing into an aqueous sol ution containing a curing

agent conpri si ng calGieupidRss -fRPhiREbbyudiydng themtapsubeearadbielhe
process for manufacturing a seanl ess breakable capsule according to anyone
of cl ai ms FPIG12CCRRBEET F 2 21 8gheousC A #P8n contai ning a curing agent

is a calcium chl@sige sakuli 0n. cwbieh PRAS Walenably, 105uditohde,14. The
process for manufacturing a seanl ess breakabl e capsule according to anyone
of clai nms &AW ta3 liNtexhaedephdt Rérophilic liquid phase, in order to form

a capsule constituted of a core comprising the internal and
lipophilic phase and a shell comprising the external and
hydrophilic phase,

- optionally solidifying and/or gelling the surface of
the shell by keeping the capsule under cold conditions,

- optionally washing the so-obtained capsule with an
organic solvent,

- immersing into an agqueous solution containing a curing
agent comprising calcium ions,

- optionally drying the capsule.

13. The process for manufacturing a seamless breakable
capsule according to anyone of claims 11 to 12, wherein the
agqueous solution containing a curing agent 1s a calcium

chloride solution, which pH is preferably, of 3 to 4.

14. The process for manufacturing a seamless breakable
capsule according to anyone of claims 11 to 13, wherein the
gelling agent 1s a combination of gellan and at least one
other gelling agent selected from the group consisting of
gelatin and hydrocolloids such as agar, carragheenan, pectins,
xanthan gum, cellulose gum, alginate, dextran, curdlan, welan

gum, rhamsan gum or modified starches, and mixtures thereof.



gelling agent is a conbination of gellan and at | east one other gelling
agent selected fromthe group consisting of gelatin and hydrocoll oids such
as agar, carragheenan, pectins, xanthan gum cellul ose gum alginate,
dextran, curdlan, welan gum rhansan @8m or nodified starches, and m xtures
thereof. 25 15. The process for manufacturing a seanl ess breakabl e capsul e
according to anyone of clainms 11 to 14, wherein the filler is a starch
derivative suc S tri | t.ode i 1, dext.rLn; c

derivative sucﬁfgs ﬁ%@bﬁhﬁﬁfggwégan3&£%$?€5§%§£$hgr%8?Bli§? @kég%gggéss for
manuf act ur¢agpud es earrdcesid npr ¢ak ailyenec fs dleiascdrilditng 14 avyorsiroftied ai ns 11
to 15, whepeinthe. seguestering.agent ipd metal.salt, RLstenably;sel ected
from the group conprisSing soditmcarbonate, trisodiumcitrate, ri’'sodi um
phosphat e, ct@tadesadium pyrephdspratder igedi ven suex axe tiplosphat eM@nchdr xt ur es
thereof. 17. The process_for manufacturing a sean ess breakable capsule
accor di ng T6aHySnE 6F %t ai ms 11 to 16, wherein the external hydrophilic

| i quid phase further conprises a plasticizer, preferably selected fromthe
group consi sti of | ycerol, r.bitol, i 1ol L LN type,

or anot her popg%l ﬁ?%hE%%ﬁ%ffcﬁ%Fﬁd&%%gSg?%%%%? 3n%eh?§§%%e§r8%%%5§%f. 18.
Sl urry contapnilrg drceakiabbe toapsyloas adcarldiing tilda @nybhe wfiewdiad nshel to 10,
in suspension in a.gel forped with gel_.form ng agent such , -.xant han
gum o CaATOBGIETARS 20BET ongl Iy MEORRY 8 RG. BFSLErGALT vES aRd bt i zors.
19. Food ptloguetroupc| cehhgg dimeak abl eut apsitoeaaaecor ot ngpd e anyore:-«0f cl ai ns
1 to 10.

trisodium phosphate, tetrasodium pyrophosphate, sodium

hexametaphosphate and mixtures thereof.

17. The process for manufacturing a seamless breakable
capsule according to anyone of claims 11 to 16, wherein the
external hydrophilic liquid ©phase further <comprises a
plasticizer, preferably selected from the group consisting of
glycerol, sorbitol, maltitol, triacetine or PEG type, or
another polyol with plasticizing properties, and mixtures

thereof.

18. Slurry containing breakable capsules according to
anyone of claims 1 to 10, in suspension in a gel formed with a
gel forming agent such CMC, xanthan gum, or Carbopol, and

optionally comprising preservatives and stabilizers.

19. Food product including breakable capsules according

to anyone of claims 1 to 10.

20. Oral care product including breakable capsules

according to anyone of claims 1 to 10.

21. Pharmaceutical product including breakable capsules

according to anyone of claims 1 to 10.



20. Oral care product including breakabl e capsules according to anyone of
clains 1 to 10. 21. Pharmaceutical product including breakabl e capsul es
according to anyone of clains 1 to 10. 26 22. Fragrance including breakabl e
capsul es according to anyone of clainm6l to 10.

22. Fragrance including breakable capsules according to

anyone of claims 1 to 10.





