SUBSTI TUTE FOR CHEW NG GUM FI ELD OF THE I NVENTI ON 5 The present invention
pertains to the field of chewing gum In particular, there is provided a
“novel de¥Q@RAIE228r esi n repl acenent conpound, which i s genBEHDKA2/0838B] i cabl e
for chew ng gum fornul ati ons. The present invention provides a gum base

and a chew ng gum conprising a pol yester;co-polymer obtainable by the

pol ynmeri sation of cyclic esters and wherein the co-polyner has a gl ass

transition 10 tenperature h;llg i n. 1h r%n e from20 to 38C. TECHN CAL
BACKGROUND WM&BNEFRES mﬁl§ EFEYING (¥ Mchewi ng gum t hat

I s dropped in indoor or outdoor 15 environnents gives rise to considerable
nui sances and i nconveni ences due to fact that the dropped gumsticks firmy
to e.g. streEIEEDODHTHNENVENTION es and to shoes and clothes of people

bei ng present or noving in the environnents. Adding substantially to such
nui sances and i nconveniences is the fact that currently avail able chew ng

gum pr odyct %@@rﬁgﬁgﬁﬁéﬁgﬁl&?nﬂ@ﬁ 19" iR O Biewing il 98 gaRNRIRO MERPLS of

20 natural or's at are su y non-degradable in the
envi r onment . prévitiyd awitrooeli degradabiel resthereplabemery cearapansi, biikich ois géreaailyi ness
of indoor and outdoor . environnents t.hergﬁ}ore have to, exerci se coni?i der abl e

efforts to r"’_é’ﬁﬁ%bl%lf%g‘}ﬁ%‘ﬁmg GrRpuiatings. Ihe presertjpysntiop RRRNGASS 2 g higsey ot h
costly and vunhhqutchéﬁfdgiggﬁagée pvr\;li%tﬁlﬁr %S:gsbty%step_ h&J-Boldale BRgRakibt BYPLR t O

reduce the nuisances a the W despread”use of chew ng gum
e.g. by inprmiymerisakiennifrychietesedsandowherkin theetn-polymeethaeat glass travsitionr egar d

to renoval of droppe hew n um r a or by incorporating anti 30
sti cki nd%agéﬁ%eﬁaﬁgS%EééWWSEﬁH]?Bﬁﬁ}P3?i ns. However, none of these
precautions have contributed significantly to solving the pollution
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TECHNICAL BACKGROUND AND PRIOR ART

It is generally recognised that chewing gum that is dropped in indoor or outdoor
15 environments gives rise to considerable nuisances and inconveniences due to fact
that the dropped gum sticks firmly to e.g. street and pavement surfaces and to shoes
and clothes of people being present or moving in the environments. Adding
substantially to such nuisances and inconveniences is the fact that currently available
chewing gum products are based on the use of elastomeric and resinous polymers of

20  natural or synthetic origin that are substantiaily non-degradable in the environment.

City authorities and others being responsible for cleanliness of indoor and outdoor
environments therefore have to exercise considerable efforts to remove dropped
chewing gum, such efforts, however, being both costly and without satisfactory

25  results.

There have been attempts to reduce the nuisances associated with the widespread use
of chewing gum e.g. by improving cleaning methods to make them more effective
with regard to removal of dropped chewing gum remnants or by incorporating anti-
30  sticking agents into chewing gum formulations. However, none of these precautions

have contributed significantly to solving the pollution problem.
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i 2 The past two decades have seen an i ncreasi ng anount ﬁ%EPﬁlfifsﬁﬁtz dgal dto

synthetic polyesters for a variety of applications ranging from | onedi cal
devices to gum bases. Many of these polynmers are readily hydrol ysed to

- thei r nowanerrezzhydr oxy- acids, which are easily renoved PgT/HE020H80i c

pat hways. Bi odegradabl e polyners are 5 e.g. anticipated as alternatives to
traditional non- or | ow degradabl e plastdics such as poly(styrene),

pol y(i sobutyl ene), and pol y(net hyl -nmethacrylate). Thus, it has recently

been di sclosed, e.g. in US 5,672,367 .that chew ng g@? rﬁ% %Ffrom
certain synflhetpagt ‘b‘(ﬂ deaades Raxe 3750 oA lf“l;fé"l‘%mgoéﬂ“%%tr 5 p@ﬂem apefic) o
unst abl e bond t mjﬁ{ I 0

hydr ol yti caIpPél tg% fo?\;\agt\)é:ﬁet? ‘P‘kﬁﬂjwan nonﬁf1 g)%di?gﬁg%%fecﬁlt Egml'ehsefocgumned
chewi ng gumha@RPMaa® Dfahese! poiyrhero e @eadihaliprblyseb toy tsirenommhericehydsokyai ned

by the polynerisation of cyclic esters, e.g. based on |actide
gl ycol i des, agids, hlﬁbla@w@sdﬁrm'h@ﬁéwdﬂ%ﬁa@]@m%@t gwgegra blF QOE‘é?ﬁ? #fed in

to as bl Sdeg i aatf e a8 aBHRang e o el Rr sl Bfle Bed Achelser o
di scl oses deg y@ﬁﬁ&h? ?bwsa@ltghﬁ&)bﬂaﬁﬁalyﬁnaﬁymmbmrglam)poI y(I act ic acid)

co- pol yners sel ecte rom poly(lactid acid-diner-fatty aci d-oxazoline)

copol yners and pon(Iactlc aci d-di al -urethane) copolymers. 20 In general, a
chew ng gu g‘i@”p?ﬁa& Rl Bée%aqgcxosﬁw 345 3618587 1R HE ek map et | ON,
a water-i nsolup’ on ypically water-inso avouring

agents. 25 Blmlevmmr cdmﬁx@ Isyﬂﬁhetxcgpohybmsehgemga lim|their polyporer sxbgins| cetmicatlys,
re5| n conpounds, fats and oi Ig waxe fler

f
or ani8 imable bona L gn be bk AABLETRE ikishes PhligRtRs SARURLGHY inte
desi red mas aﬁﬁeﬁ&m&’ A&t tsﬁm%&’np%ﬁ&ﬁ@grﬁé cRIASH RéVRESn? ComphiSes at

el astomers o ase conposl t'i on. Resin i n conventional chew ng
gum bases t \gist ank )deigmdahtéepcslycmdrepqu:rncreebtameduh)h ttwspolgmm@atiqmyof aydicat e)
(PVAc) and natural resins such as

d
as ester gurfgiersagd: PP cuﬂ‘ﬁ"t EW&&‘%@’S‘F %‘%ﬁ c%rf' %‘E%%r? %?%ﬁ%; ed to

It is mentioned in this patent that chewing gum made from such polymers that are

15 referred to as biodegradable are degradable in the environment.

US 6,153,231 discloses degradable chewing gum bases which comprises poly(lactic
acid) co-polymers selected from poly(lactid acid-dimer-fatty acid-oxazoline)
copolymers and poly(lactic acid-diol-urethane) copolymers.

20
In general, a chewing gum composition typically comprises a water-soluble bulk
portion, a water-insoluble gum base portion and typically water-insoluble flavouring

agents.

25 The water-insoluble gum base gcncfally comprises elastomers, resin compounds, fats
and oils, waxes, emulsifiers, softeners and inorganic fillers. The resin compounds are
contributing to obtain the desired masticatory properties and acting as plasticizers for

the elastomers of the gum base composition.

30  Resin in conventional chewing gum bases typically include synthetic resins such as
poly(vinyl acetate) (PVAc) and natural resins such as rosin esters which are often

referred to as ester gums. Additionally, natural resins such as glycerol esters of
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rosins, glycerol esters of polynerised rosins, glycerol esters of
partially dinmerised rosins, glycerol esters of tally oil rosins,

- pent aer yiiorgztooé2zesters  of partially hydrogenated rosins, PAEDEPR/OESter s of
rosins, partially hydrogenated nethyl esters of rosins and pentaerythritol
esters of rosins are typically applied i£ 5 chewi ng gum bases. O her

resi nous conpounds typically applied in thewi ng gum bases include
synthetic resins such as terpene resins derived from al pha-pi nene, beta-

pi nene, and/pertiallyl iydoogeneted nesing w2licgrol iestepenfepolysicrised masinss glycerdl iestersesi n
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a gum base in "~ anount pendent upon the nol ecul ar wei ght range, and
t her eby i . a.mehyplvéstiers of sosing and pentedrathritadesigrs of rosensgarm WRiselly Ippliadoing|

amount of PVAc used in a g base co siti.on i. fr 5%nto
95% by wei gwpcﬁm:}’_afﬁe%?rarfmaﬂﬁ n%@%dufggw‘}%%&s%ﬁlollne& "Pygpflgcaw) . the
amount of  PAged iAcIahe YW rite:id +BIIRPHRA ab Eerpéhelrbfing @dt0RdFFom AlphaQhenanikts-hus
constitute a major part of the entire gum base conposition. As this

synt heti c r geienej an timangrel dngl nadwalde@eRegBiNg in the environment, this
conponent in the gum base contributes significantly to the overall
non-degradability of chewing gum based on such gum bases. 20 It has now -
been found tial synthetis b6 polivinyl atetste PWARSesubstntslly non-degradatdpliade

pol yvinyl acetate (PVAc) gumresin conpletely with a de radahg)l eh&%t er
cp- pol yifer estyirahmens) andihus:the uprorhthsresimpPlyRiesn By brsesds arighy ein

the co- polyner _ha | as. HE! { epp?r TA) 4ol at from
20 to 38C V\A%gﬁtn@" oggi&ﬁaﬁ {)ﬁe t‘e%?%%li ca °§%<L§‘r6§arlf’ﬁ g%delg?ot hgngum 1z;lse.
Thus, it hasidhaens dopeideyupdie thep medeznlar i waightt rmgef had therebeplaagirogdé2VAc

wi th a degradabl e co-pol ynmer consisting of D, L-lacgtide and .s-caprol actone,
it is possi mt@tmrﬁw%t@m%é@aﬁ% lﬁ,ﬁfp\/d 3 atﬂ'@%g’a?eesi ns,

whi ch have t&%ﬁo@%n% ustally fRm d6RR 50033, BY ARGt based SR 188! gum base

15 composition. Typically, the amount of PVAc in chewing gum bases is in the range of
10-30%, and thus constitute a major part of the entire gum base composition. As this
synthetic resin is substantially non-degradable in the environment, this component in
the gum base contributes significantly to the overall non-degradability of chewing
gum based on such gum bases.

20
It has now been found that it is possible, in 2 gum base composition, to replace
polyvinyl acetate (PVAc) gum resin completely with a degradable polyester co-
polymer obtainable by the polymerisation of cyclic esters and wherein the co-
polymer has a glass transition temperature (Tg) in the range from 20 to 38°C without

25 loosing the rheological properties of the gum base. Thus, it has been found by the
present inventors that by replacing PVAc with a degradable co-polymer consisting of
D,L-lactide and g-caprolactone, it is possible to prepare gum bases and chewing gum
based on these resins, which have the same or similar rheological properties (such as
plasticity (loss modulus) and elasticity (storage modulus)) as conventional gum bases

30  prepared with PVAc..



. plasticity (loss nodulus) and el asticity (storage noduygSEPTEMBERQoNsENt i onal
gum bases 30 prepared with PVAc.. 20 SEPTEMBER 2005 WD 02/076228
PCTI DKO2/ 00201 4 USb, 672, 367 descri bes generically polyester polyners
obt ai nabwe ®§p7628 pol yreri sation of cyclic esters. ExpliBFE/DR02/8028] scl oses
a co-polymer consisting of D,L-lactide and s-caprolactone with a gl ass
transition tenperature (Tg) of 15C (Ex |l e 1) and a co-pol yner consisting
of D, L-lactide and e-caprolactone with a 5 glass transition tenperature
(Tg) of -10C Exanfl e 2). 10 Additjonally, it hasl been fou.nd%lby theglgr esent
i nventors t B5.612.367 pdessribse soerisplincrOlypsternr BOYMES noRRRAYReYs Yhch as
_.hatural rosi r | . d GO %Eﬁﬂ. ' i

D, L-1actide Pgﬁéﬁgg%w(g)ﬁ'gg?ﬁggé tﬁ%ﬁs}\gfll?%%vﬁést %at néﬁ?glgodryesg in%s()far e

subst ant i al IpyLnecide s dajabladorich evittny igtass remtitioAstepesatury (Tghlof y1 5°C
constitutes between 10 to 50% of the entire gum base conposition, the
repl acenent (Bkarhplesl) andngoorgntymst consistingnetbBdelagtide and g<gpratastans widdonent

hi ghly inproye the general de abi. i of the gum base. 15 SUMVARY OF
THE | NVERTI G\(?Séﬁ'aﬂﬁg% Eﬁ“?ﬂff%f‘;‘retgtlrxgﬁj}fﬂbgéxiam?i%ﬁ'on pertains in a first
aspect to a gum base conprising a polyester co-polyner obtainable by the

pol ynmerisation of cyclic esters and wherein the co-polyner has a gl ass
transition teddidersliy; it baTgen found dyrtbngesséntdnverrs chag #as ppssﬂdcﬁ%mn%%cﬁ

t th i vi ded hew . . '
e e e S S W R AT P TR ™
pol ymer has c%gﬁk@ﬁ%sof Dﬁ.fnﬁi'cﬁihé) Bnd ERRSOREINE. It [OWell knbRE thandRirleshedret O

Ing to a

38C. 25 Accor urther enbodi ment of the invention, a chew ng gum
of a guribasebstastjallyonpnidsgradatparinl thes egranmenbdAsutheyi bmidallyr eanstitutisr e a

resin and where the suhsti ed functiqnal group.i I,O- :
Accor di ng t PeEVESEy ﬁ%é? L@r&)é’@ﬁh@ﬁfm'&fm aﬁ%\(fgw{’#%ﬂ?ai {ﬂehrggﬁg%@%ﬁ gﬁleursm ned
t hat component of the gum base with a degradable component highly improve the general

degradability of the gum base.
15 SUMMARY OF THE INVENTION

Accordingly, the present invention pertains in a first aspect to a gum base comprising
a polyester co-polymer obtainable by the polymerisation of cyclic esters and wherein
the co-polymer has a glass transition temperature (Tg) in the range from 20 to 38°C.
20
( In a further aspect there is provided a chewing gum comprising a polyester co-
| polymer obtainable by the polymerisation of cyclic esters and wherein the co-

polymer has a glass transition temperature (Tg) in the range from 20 to 38°C.

25  According to a further embodiment of the invention, a chewing gum or a gum base
may comprise & partly substituted functional group, here a resin and where the

substituted functional group is bio-degradable.

According to a further embodiment of the invention, it has been determined that
30 conventional non-biodegradable functional groups as such may be substituted by

other rheologically matching bio-degradable potymers.



- 30 conventional non-bi odegradabl e functional groups as)sgPPEMBERIG0S
substituted by other rheologically matching bio-degradabl e polyners. 20
SEPTEMBER 2005 WO 021076228 PCT/ DKO2/ 00201 5 DETAI LED DI SCLOSURE Wt hout
“being |iWQ®M76238t heory, it is believed that a suitabl e sPCEDESP00292 :
creation of a resin substitute is to correctly match the glass transition
(Tg) of the resinto be 5 replaced. A preferred resin to replace is | ow
nol ecul ar wei ght PVA, which has a glass “transition (Tg) of about 33C 10

Accordingly, it is preferred that the polyester co-polyner has a gl ass
transition HWW§C¥$§W the range from 25 to 37C, nore preferred

that the polyester co- polynmer has a glass transition tenperature (Tg) in
the range from28 to 35C, even nore preferred that the pol yester

co- pol yner hitheut beiagdintiteantsithdony) it B¢ vatuhat a(shigxble statepy forangtiohroda 30 to
35C, and nost preferred that the pol yester co-polyner_ has 15 gl ass
transition tesipSHbAtHE 15 1g)cormse snateh ghe SWB&SI%{?}‘ X Pfaﬂilesfﬁifbﬁ%rsbﬁed to
Create ascoggéﬂ@r consisting of a high Tg nononmer and a | ow Tg nononer.
An interiedidte Tg may then be attai ned based upon the exact nole ratios

of the two nononers. In principle one may theoretically use any conbi nation

of one 20 or nore high Tg noponers and one, or nore_| ow Tg. pfononer s§.
Preferably ifs Piegged rﬁ?‘ﬁﬁgﬁpi‘}’ﬁﬁdﬁéPWSE‘P&G‘tﬂéﬂ YO8 P*’@"g?’gl&'go bas rs
consi sting Qfankiba kPO dfdBoutls3e@ct i de and gl ycolide; and a | ow Tg mononer

selected fromthe oup consi sting of s-caprol actone, 8-val erol act one,
trimethyl ene carbonate 25 (TMC) and di oxanone. Preferred conbi nations are:

D, L1 ach del e capt 8l 46! 8% 30a0hbt bA°hoBATE Botyded s I gfisd Aot One
temperature (Tg) in the range from 25 to 37°C, more preferred that the polyester co-
polymer has a glass transition temperature (Tg) in the range from 28 to 35°C, even
more preferred that the polyester co-polymer has a glass transition temperature (Tg)
in the range from 30 to 35°C, and most preferred that the polyester co-polymer has a

15  glass transition temperature (Tg) in the range from 31 to 34°C

It is preferred to create a copolymer consisting of a high Tg monomer and a low Tg
monomer. An intermediate Tg may then be attained based upon the exact mole ratios
of the two monomers. In principle one may theoretically use any combination of one

20  or more high Tg monomers and one or more low Tg monomers.

Preferably is used a high Tg monomer selected form the group of monomers

congsisting of D,L-lactide, L-lactide and glycolide; and a low Tg monomer selected

from the group consisting of e-caprolactone, §-valerolactone, trimethylene carbonate
25  (TMC) and dioxanone.

Preferred combinations are:

D,L-lactide/e-caprolactone
30 D,L-lactide/TMC

D;L-lactide/ﬁ-valerolactone

D,L-lactide/dioxanone



: 20 SEPTEMBER 2005 WO 02/076228 PCT/ 0K02100201 6 D, L-dh3gPTEMBER 2005
conbination with any two I ow Tg nononers D, L-lactide in conbination with
any three low Tg Mononers D, L-lactide in conbination with all four |ow Tg

* Monomer sWl 020176228 de/ E- capr ol act one L-1actide/ TMC PCT/DKO02/60201

L-l actide/ 8-val erol actone L-1actide/di oxanone L-lactide in conbination
with any two |ow Tg nonormers 10 L-lactidg in conbination with any three | ow
Tg Mononmers L-lactide in conbination with all four |ow Tg Mononers

D, L-l acti de/ glycol |de/c-caprol actone D,L-lactide/glycolide/ TMC 15

DL- 1 acti de/ dﬁ-&c‘éf’ti“ife‘}‘&pﬂﬁﬂ‘%“m% twh oy Iga‘E?rf%%EJ | ycol i de/ di oxanone
D, L-1 acti de/{gk yiG ok i | g.% L RATH 2R tWek o Ty NM¥Rorth&@¥ Tg nononer s

D, L-lacti de/[g’:['y%gt{lqeggl °:°ﬁ‘bco | nat iagl?{ vviet h agg three | ow Tg Mononers

D, L- | act i de/IyLylactidedia dombimatien redth abhfour tow g Mdnemrers ow Tg Mononers 20

L-l actide/ gl ycolide/ e-caprolactone L-lactide/glycolide/ TMC
L-1actide/ gl ycolide/8-val erol actone L-I|actide/glycolide/di oxanone 25

L-lactide/ glyealide gg@{ ation with any two | ow Tg nononers
L-lactid /glri/g%hfi ec:aﬁwgo |eﬂation with any three | ow Tg Mononers

L- I acti de/ gliyckiddeMO conbination with all four |ow Tg Mononers
gl ycol i de/ E- caprol actone 30 gl ycolide/ TMC
L-lactide/8-valerclactone
L-lactide/dioxanone
L-lactide in combination with any two low Tg monomers
. 10 L-lactide in combination with any three low Tg Monomers

L-lactide in combination with all four low Tg Monomers

D,L-lactide/glycolide/e-caprolactone
D,L-lactide/glycolide/TMC
15 D,L-lactide/glycolide/d-valerolactone
D,L-lactide/glycolide/dioxanone
D,L-lactide/glycolide in combination with any two low Tg monomers
D,L-lactide/glycolide in combination with any three low Tg Monomers
D,L-lactide/glycolide in combination with all four low Tg Monomers
20
L-lactide/glycolide/e-caprolactone
L-lactide/glycolide/TMC
L-lactide/glycolide/5-valerolactone
L-lactide/glycolide/dioxanone
25  L-lactide/glycolide in combination with any two low Tg monomers
L-lactide/glycolide in combination with any three low Tg Monomers

L-lactide/glycolide in combination with all four low Tg Monomers

glycolide/e-caprolactone
30 glycolide/TMC
glycolide/6-valerolactone

glycolide/dioxanone



: glycolide/ & val erol actone gl ycolide/di oxanone 20 SEPhgBEREMBER 20040
02/ 076225 PCT/ DKO2/ 00201 7 glycolide in conmbination with any two |ow Tg
nmononers glycolide in conbination with any three | ow Tg Mononers
“glycoli dVOAZeWHAIF nation with all four |ow Tg Mononers 5 PCT/DK02/00201
D, L-lactide/L-1actidel/s-caprolactone D, L-lactide/L-Iactide/ TMC
D, L-lactide/L-1actide/ & val erol actone DgL-1actide/L-1actide/di oxanone
D, L-1actide/L-lactide in conbination with any two | ow Tg nononers 10
DL-lactide/L-]actjde in conbination with any three | ow Tg Mononers

, L- I act i de/ BLYFHdei1p somBIatian withiany iwailew T8I MORYRATS| ow Tg Mononer s

D
D, L-1 acti de/ Ly F -0l LA/ Sy (¢
D L1 ot i do EIPEEpHbLHERh yAR DY SERE D Te Mbfomers
D, L- 1 act i de/ glyteltdeiid ebgibjtmtibn céth&l Malueloi Bg Mom@mers

D, L-1

actide/L-1actide/glycolide/di oxanone D,L-Iactide/L-l1actidel/glycolide
conbination with any two | ow Tg nononers

D, L-1 act iéig{ %J_:‘gagklagﬁl_lg&?/%g%_{:%g?%{}gﬁ@rrbl nation with any three | ow Tg

Mononer s I del colide in conbination with all four |ow
Tg Mononers DP(L-BetidsdilactitzdTMibed a preferred enbodi ment relating to a gum
base comprising a deglr adabl e co-pol yner consisting of D, L-lactide and
c- capr ol act oRd--tasHd{Lclaetideldyvalgolactd®pri si ng a co- pol ymer consi sting of
D, L-lactide d,s.:. r ne. The different enbodi nents of a gum base
bel ow are al @g“}%f@%ﬁl ‘L'tﬁ%?d)lg garrhgbase as 25 described above. It is a

maj or obj ect Dyelsetidé/helapidesiarnbmbiiveohn wdth ang tR6 dyw ARy Moronsases for chew ng
gum which results .in chewi ng gum products that foll owing chewing are nore
readi |y 10  D.L-lactide/L-lactide in combination with any three low Tg Monomers

D,L-lactide/L-lactide in combination with all four low Tg Monomers

D,L-lactide/L-lactide/glycolide/e-caprolactone
D,L-lactide/L-lactide/glycolide/TMC

15  D,L-lactide/L-lactide/glycolide/5-valerolactone
D,L-lactide/L-lactide/glycolide/dioxanone
D,L-lactide/L-lactide/glycolide in combination with any two low Tg monomers
D,L-lactide/L-lactide/glycolide in combination with any three low Tg Monomers
D,L-lactide/L-lactide/glycolide in combination with all four low Tg Monomers

20 |

i Below is described a preferred embodiment relating to a gum base comprsing a

degradable co-polymer consisting of D,L-lactide and e-caprolactone and a chewing
gum comprising a co-polymer consisting of D,L-lactide and e-caprolactone.
The different embodiments of a gum base below are also relevant for a gum base as

25  described above.

It is a major objective of the present invention to provide gum bases for chewing
gum which results in chewing gum produéts that following chewing are more readily
degraded in the environment if improperly dropped or discarded here by the user
30 and/or which, relative to chewing gum comprising conventional non-degradable
polymers can be removed more readily mechanically and/or by the use of cleaning

agents.
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user 30 and/or which, relative to chewi ng gum conprising conventi onal

non- degradabl e pol yners can be renoved nore readily mechggi caglx and/ or by
" the use WO®R3Png agents. 20 SEPTEMBER 2005 WD 02/ 0762925 DK02/00201
PCT/ DI {02/ 00201 8 Accordingly, the chewing gum base provided herein is a
gum base which when applied in chewing gum renders the chew ng gum nore
capabl e of undergoing a physical, chem cal and/or biological degradation
whereby e.g. dunped chewi ng gum5 waste becones nore readily renovable from
the site of dunping or is eventually disintegrated to lunps or particles
whi ch are noatddndiagly, ko ghewiab| gunfdatee progidedhissseingis U gume basanmivhich Twigen
degradation or disintegration of the gum base provided her?i n, can be
ef fected or dpplied del chgwingyaineatenders thy shewing il moRg eapably of undegeing a

noi sture, by,chem f ’ . ' i PH
o by the 1PISEHb AR ERcAE R T pRic B e ShEreb e Gulbed AR ul

co- pol ymar s ag® betdifest Mot feadily va@ndvabie fréacthedite gifyduniing or anevaimatht i ve
of the present invention to provide a gum base ciorrpri sin _ahgeg‘sr3 dabl e
co- pol yner clisistegrated) tof lumps - grapartigies alkich - a8 i |lgRdep fecosusa ¥ned

above, it hag been foun Mol : ' 1 brovided
conpl etely r Wé%gwéc%yﬁﬁﬁﬁllﬁc& rrl%%gglgglf ?ﬁ%ﬁ#@n@n@%&%ﬁ@%um resin
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a-caprol actone co l'ymer may” in useful enbodi nents replace natural resin
conponent s i comptising a degradable co-polymer consisting of D,L-lactide and e-caprolactone.

15 As mentioned above, it has been found possible, by applying such a co-polymer, to
completely replace the synthetic and substantially non-degradable gum resin
polyvinyl acetate, PVAc, which is typically applied in chewing gum compositions.
Surprisingly, as will appear from the following examples, this replacement can be
made without impairing the rheological properties of the gum base and the chewing

20  gum made from such gum bases. Thus, it is possible to obtain rheological properties
(such as plasticity (loss modulus) and elasticity (storage modulus)) which are similar
to conventional gum bases prepared with PVAc. Plasticity and elasticity are

parameters that are essential for the texture in the final chewing gum.

25  Furthermore, a degradable co-polymer consisting of D,L-lactide and e-caprolactone
co-polymer may in useful embodiments replace natural resin components in gum
bases such as natural rosin esters which are well known to be substantially non-
degradable in the environment. As natural resins such as natural rosin esters, are
derived from natural sources such as from the oleoresin from pine trees, the

30 composition and the quality of the natural resin may not be constant. This can give
raise to certain variation problems when preparing gum bases for chewing gum, as

the uniformity of the composition of each batch is of outermost importance.
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mononers.  AcBisr piiepagation o 2 6awolisesr sonEsHag R At lagtide and srFapselastone can be

performed by various suitable polymerisation processes which are well known in the

15 art, e.g. by ring opening polymerisation (ROP) in the presence of an appropriate
catalyst. Accordingly, in one embodiment stannous octoate (SO) may
advantageously be applied as a catalyst and a low molcular weight alcohol (e.g.
propylene glycol) as initiator to polymerise a mixture of D,L-lactide (racemic
mixture) and e-caprolactone monomers and in order to obtain poly(D,L-lactide-co-¢-

20 caprolactone).

In a useful embodiment, the poly(D,L-lactide-co-g-caprolactone) co-polymer is
synthesised to have a specific mol:mol ratic between the D,L-lactide and e-
caprolactone monomers. Accordingly, in one useful embodiment of the present
25  invention the co-monomer mol:mol ratio between D,L-lactide and e-caprolactone in
poly(D,L-lactide-co-e-caprolactone) is in the range of 80:20 to 99:1 (mol:mol),
including the range of 92:8 to 94:6 (mol:mol). In one specific embodiment the
mol:mol ratio between D,L-lactide and e-caprolactone in the co-polymer is about
93:7 (mol:mol). The mol:mol ratio of the poly(D,L-lactide-co-e-caprolactone) co-

30 polymer may advantageously be determined by means of e.g. ¥C NMR-analysis.
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15 between D L-lactide and s-caprolactone of the co-polymer may be individually
adjusted, by applying different polymerisation conditions, in order to obtain the
 desired rheological characteristics of the gum base in which the copolymer is
intended to be applied. Thus, it is contemplated that a wide range of different
molecular weights of the co-polymer may be useful in accordance with the invention,
20 and that a wide range of different mol:mo! ratios between the D,L-lactide and e-

caprolactone monomers may be advantageously applied.

An important theological feature for gum bases which are applied in chewing gum
compositions, is the glass transition temperature (Tg). As used herein, the glass
25 transition temperature means the temperature at which the ratio of the storage
modulus G' (elasticity) and the loss modulus G" (plasticity} equals one. Storage
modulus G' and {oss modulus G" of polymers may in general be determined by

appiying a rheometer such as AR1000 from TA Instruments.

30 In a presently preferred embodiment the gum base according to the invention
comprises a poly(D,L-lactide-co-g-caprolactone) co-polymer having a glass

transition temperature (Tg) the range of 15-40°C, including the range of 20-30°C. In
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40°C, including the range of 30-35°C are useful for replacing the PVAc component

and the natural resin component in a standard gum base.

15
As was mentioned a above, the present invention also provides a chewing gum
comprising a co-polymer consisting of D,L-lactide and e-caprolactone. Accordingly,
there is provided a chewing product which is based on the gum base according to the
invention which is disclosed herein.

20

{ As used herein, the expressions "gum base" refers in general to the water insoluble
part of the chewing gum which typically constitutes 10 to 99% by weight including
the range of 25 -60% by weight of the total chewing gum formulation. Chewing gum
base formulations typically comprises one or more elastomeric compounds which

25 may be of synthetic or natural origin, one or more resin compounds which may be of
synthetic or natural origin, fillers, softening compounds and minor amounts of

- miscellaneous ingredients such as antioxidants and colorants, etc.

Thus, it is within the scope of the invention that the gum base part, in addition to the
30 degradable co-polymer consisting of D,L-lactide and e-caprolactone, contains a
proportion of non-degradable polymeric elastomers and/or resins which may be of

natural or synthetic origin. The proportion of such non-degradable polymers may be
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1S having a high molecular weight and a low-molecular-weight elastomer. Presently

preferred combinations of synthetic elastomers include, but are not limited to,
polyisobutyleﬁe and styrene-butadiene, polyisobutylene and polyisoprene,
polyisobutylene and isobutylene-isoprene copolymer (butyl rubber) and a
combination of polyisobutylene, styrene-butadiene copolymer and isobutylene
20  isoprene copolymer, and all of the above individual synthetic polymers in admixture
with polyvinyl acetate, vinyl acetate-vinyl laurate copolymers, respectively and

mixtures thereof.

Useful natural non-degradable elastomers include the elastomers listed in Food and
25 Drug Administration, CFR, Title 21, Section 172,615, as "Masticatory Substances of
Natural Vegetable Origin" including natural rubber compounds such as smoked or
liquid latex and guayule and other natural gums including jelutong, lechi caspi,
massaranduba balata, sorva, perillo, rosindinha, massaranduba chocolate, chicle,
nispero, gutta hang kang, and combinations thereof. The preferred synthetic
30 elastomer and natural elastomer concentrations vary depending on whether the

chewing gum in which the base is used is adhesive or conventional, bubble gum or
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moi st ure, bypartides edliclf art mr $ongec hecagnisable as being chewing gum remnants. The
15 degradation or disintegration of such degradable polymers can be effected or induced
by physical factors such as temperature, light, moisture, by chemical factors such as
hydrolysis caused by a change in pH or by the action of enzymes capable of
degrading the polymers. In other useful embodiments all of the polymer components
of the gum base are environmentally degradable or biodegradable polymers.
20
( Accordingly, suitable examples of additional environmentally or biologically
degradable chewing gum base polymers which can be applied in accordance with the
gum base of the present invention include degradable polyesters, polycarbonates,
polyester amides, polypeptides, homopolymers of amino acids such as polylysine,
25 and proteins including derivatives hereof such as e.g. protein hydrolysates including
a zein hydrolysate. Particularly useful compounds of this type include polyester
polymers obtained by the polymerisation of one or more cyclic esters such as lactide,
glycolide, trimethylene carbonate, &-valerolactone, pS-propiolactone and e-

caprolactone. Such degradable polymers may be homopolymers, copolymers or

30 terpolymers, including graft- and block-polymers.
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15  plasticizers will also vary depending on the specific application, and on the type of

elastomer(s) being used.

A chewing gum base formulation may, if desired, include one or more
fillers/texturisers including as examples, magnesium and calcium carbonate, sodium
20  sulphate, ground limestone, silicate compounds such as magnesium and aluminium
silicate, kaolin and clay,raluminium oxide, silicium oxide, talc, titanium oxide,
mono-, di- and tri-calcium phosphates, cellulose polymers, such as wood, and

combinations thereof.

25  The fillers/texturisers may also include natural organic fibres such as fruit vegetable

fibres, grain, rice, cellulose and combinations thereof.

A gum base formulation may, in accordance with the present invention comprise one
or more softening agents e.g. sucrose polyesters including those disclosed in WO
30  00/25598, which is incorporated herein by reference, tallow, hydrogenated tallow,
hydrogenated and partially hydrogenated vegetable oils, cocoa butter, giycerol

monostearate, glycerol triacetate, lecithin, mono-, di~ and triglycerides, acetylated
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el astonmer 15 plasticizers will also vary depending on the specific
application, and on the type of elastoner(s) being used. A chewi nhg gum

~ base for Mo exdt62esnay, if desired, include one or nore fi [PCEMKRABRLUri sers

i ncl udi ng as exanpl es, magnesi um and cal ci um car bonate, sodi um 20 sul phat e,
ground |inestone, silicate conpounds suc(r]s as magnesi um and al um ni um
silicate, kaoli n and clay, alum nium oxide, siliciumoxide, talc, titanium

oxi de, nono-, di- and tri-cal m phosphat . cell ul oge such as
wood, and CBAEAEIKASGRS i s (o NG Hefmits, OISt PRs lé'f‘ﬁmﬁsaf %D,sén

“include nat W AlbIRIBAR erbERSuSH RS thd Wi NERBIADUEsighdely 8P inghl

rice, cellulose an | nati ons ere gum base nmul ati o may,
accor dance wvhichtsbfteqmy ths@lm bmseemt ¢hewing gpmi foemulagon and rmccﬂnpnsf,etse\mmmg

agents e.g. sucrQse p esters including those disclosed in WO 30 00/ 25598,
which is i nc%ﬁp%&%ﬂegﬂl?%%?fé Prgtaniean: é?ﬂggh‘s‘ffé-l | ow, hydrogenated tall ow,
hydrogenated and partially hydrogenated vegetable oils, cocoa butter,

gl ycerol = nonostearate, glycerol triacetate, |lecithin, nono-, di- and
triglyceridebo smwémmﬁemmrﬂﬁﬁsitmﬂﬁkﬁﬁm RO i) AP0 1

15 nonogl yce es, fatty acids arig, m,ticC. i.c and linoleic
Sl ) O e Chanliip i it oaes £ plebfint smobBathts T ot e fireo e Bl

desi gnat es aghe HYnRAE eemumlf%ue)aresqém saddE@ tg UHR Q@ﬁ@o@i"noﬁh@)ﬁhd&ﬂ?rQH%n
formul ati on and enconpasses waxes, fafs, oils, emulsifiers, surfactants

and soI ubi | i ameunt of 0Tt 1884 by weighs, preferabiy 8 to U2 Vhweighhef the syrobasgeMionowi t h

wat er ding p ert..es h. . .copf. the b | easant _snpoth
surface 121(5nd &éidﬂlg nge %&ﬂb& fa&yo &s[ I‘%c 1¢ Q:crk%&g}fzs %%Fggc& ?I&%nl Fssg?s/ are
usual |y addegloa® dnlil‘i‘h%‘j?éﬂm:&'s bf ediiblet Ry Gl xacetgalam mEOPAHHY dlgf ycétides, shipde by

wei ght, preferably 0 to 12% weight of the gum base. Mbno

di gl ycer i desestars @fjaditde ffatty peidsi Na-, Kadg-cangelCarstegratess l%ﬁiﬂﬂfadé‘fir%‘)’éﬁéﬂh

esters of ni%@(ﬁnnaaﬂg tﬂé BkY &R E:&%IQJ oE iRk Gidndt 1; Yis@F LHS1siAGE WHid &h BP0
and di gl yceri sug

added to the chewmg gum base. In case of the presence of a biologically or
15 pharmaceutically active ingredient as defined below, the formulation may comprise
certain specific emulsifiers and/or solubilisers in order to disperse and release the

active ingredient.

Waxes and fats are conventionally used for the adjustment of the consistency and for

20 softening of the chewing gum base when preparing chewing gum bases. In
connection with the present invention any conventionally used and suitable type of
wax and fat may be used, such as for instance rice bran wax, polyethylene wax,
petroleum wax (refined paraffin and microcrystalline wax), paraffin, bees' wax,
carnauba wax, candelilla wax, cocoa butter, degreased cocoa powder and any

25 suitable oil or fat, as e.g. completely or partially hydrogenated vegetable oils or
completely or partially hydrogenated animal fats.

In an embodiment the gum base is wax-free.

Furthermore, the gum base formulation may, in accordance with the present
30 invention, comprise colourants and whiteners such as FD&C-type dyes and lakes,
fruit and vegetable extracts, titanium dioxide and combinations thereof Further

useful chewing gum base components include antioxidants, e.g. butylated
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insoluble gum base components, a generally water soluble part comprising a range of

15 chewing gum additives. In the present context, the term "chewing gum additive" is
used to designate any component, which in a conventional chewing gum
manufacturing process is added to the gum base. The major proportion of such
conventionally used additives are water soluble, but water-insoluble components,
such as e.g. water-insoluble flavouring compounds, can also be included.

20
In the present context, chewing gum additives include bulk sweeteners, high intensity
sweeteners, flavouring agents, softeners, emulsifiers, colouring agents, binding
agents, acidulants, fillers, antioxidants and other components such as
pharmaceutically or biologically active substances, conferring desired properties to

25  the finished chewing gum product.

Suitable bulk sweeteners include both sugar and non-sugar sweetening components.

Bulk sweeteners typically constitute from about 5 to about 95% by weight of the

chewing gum, more typically about 20 to about 80% by weight such as 30 to 60% by
30  weight of the gum.
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sacchar i de- clyiragenited scavolp hpdrotysates mmbtitiol; iéomoadtol, erythrited, abtied anyl ta ke t
including, byt not, [imted. to, sucrose, dextrose, maltose, dextrins,
trehal ose, [)‘Ei?%Fg%"t‘BSCQFnbb‘?ait‘é’B' invert sugar, fructose, |evul ose, gal actose,
corn syfgp solids, and the like, alone or in conbination. 5 Sorbitol can
bé used as a non-sugar sweetener. O her useful non-sugar sweeteners in-
cl ude, but aHighriatenbityrartditial sweotehiag ageniacamalsobolused alohe o5 inreembinafion
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limited to sucralose, aspartame, salts of acesulfame, alitame, saccharin and its salts,

cyclamic acid and its salts, glycyrrhizin, dihydrochalcones, thaumatin, monellin,
15 sterioside and the like, alone or in combination. In order to provide longer lasting
sweetness and flavour perception, it may be desirable to encapsulate or otherwise
control the release of at least a portion of the artificial sweetener. Techniques such as
wet granulation, wax granulation, spray drying, spray chilling, fluid bed coating,
coascervation, encapsulation in yeast cells and fibre extrusion may be used to
20  achieve desired release characteristics. Encapsulation of sweetening agents can also

be provided using another chewing gum component such as a resinous compound.

Usage level of the artificial sweetener will vary considerably and will depend on
factors such as potency of the sweetener, rate of release, desired sweetness of the
25 product, level and type of flavour used and cost considerations. Thus, the active level
of artificial sweetener may vary from about 0.02 to about 8% by weight. When
carriers used for encapsulation are included, the usage level of the encapsulated
sweetener will be proportionately higher. Combinations of sugar and/or non-sugar
sweeteners can be used in the chewing gum formulation processed in accordance
30 with the invention. Additionally, the softener may also provide additional sweetness

such as with aqueous sugar or alditol solutions.
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amphoteric or non-ionic solubilisers can be used. Suitable solubihsers include

15 lecithin, polyoxyethylene stearate, polyoxyethylene sorbitan fatty acid esters, fatty
acid salts, mono and diacetyl tartaric acid esters of mono and diglycerides of edible
fatty acids, citric acid esters of mono and diglycerides of edible fatty acids,
saccharose esters of fatty acids, polyglycerol esters of fatty acids, polyglycerol esters
of interesterified castor oil acid (E476), sodium stearoyllatylate, sodium lauryl sul-

20 fate and sorbitan esters of fatty acids and pelyoxyethylated hydrogenated castor oil

, (e.g. the product sold under the trade name CREMOPHOR), block copolymers of
ethylene oxide and propylene oxide (e.g. products sold under trade names
PLURONIC and POLOXAMER), polyoxyethylene fatty alcohol ethers,
polyoxyethylene sorbitan fatty acid esters, sorbitan esters of fatty acids and

25 polyoxyethylene steraric acid esters.

Particularly suitable solubilisers are polyoxyethylene stearates, such as for instance
polyoxyethylene(8)stearate and polyoxyethylene(40)stearate, the polyoxyethylene
sorbitan fatty acid esters sold under the trade name TWEEN, for instance TWEEN
30 20 (monolaurate), TWEEN 80 (monooleate), TWEEN 40 (monopalmitate), TWEEN
60 (monostearate) or TWEEN 65 (tristearate), mono and diacety! tartaric acid esters

of mono and diglycerides of edible fatty acids, citric acid esters of mono and
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castor ofd, Qhﬂﬁﬁ&‘ﬂpﬂp}i@i‘?ﬁlﬁt, %In&}ﬁ-ﬁéxﬁ%ﬁe&ffﬁnﬁ?e\%ﬁ@pma and mint, fruit essence
such as from apple, pear, peach, strawbermry, apricot, raspberry, cherry, pineapple,
and plum essence. The essential oils include peppermint, spearmint, menthol,
eucalyptus, clove oil, bay oil, anise, thyme, cedar leaf oil, nutmeg, and oils of the
fruits mentioned above.

20
The chewing gum flavour may be a natural flavouring agent which is freeze-dried,
preferably in the form of a powder, slices or pieces of combinations thereof. The
particle size may be less than 3 mm, such as less than 2 mm, more preferred less than
1 mm, calculated as the longest dimension of the particle. The natural flavouring

25 agent may in a form where the particle size is from about 3 um to 2 mm, such as
from 4 pm to 1 mm. Preferred natural flavouring agents include seeds from a fruit
e.g. from strawberry, blackberry and raspberry.

Various synthetic flavours, such as mixed fruit flavours may also be used in the
30  present chewing gum centres. As indicated above, the aroma agent may be used in
quantities smaller than those conventionally used. The aroma agents and/or flavours

may be used in an amount of from 0.01 to about 30% by weight of the final product
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15  such as carbonates, hydrogen carbonates, phosphates, sulphates or oxides of sodium,

potassium, ammonium, magnesium or calcium, especially magnesium and calcium.

The gum centre of coated chewing gum element according to the invention can have
any form, shape or dimension that permits the chewing gum centre to be coated using

20  any conventional coating process. Accordingly, the gum centre may be e.g. in a form
selected from a pellet, a cushion-shaped pellet, a stick, a tablet, a chunk, a pastille, a
pill, a ball and a sphere.

The invention will now be described in further details in the following, non-limiting

25 examples and figures wherein

Fig. 1 shows the comparison of synthesised resin substitutes with PVAc by means of

viscosity versus shear rate,

30  Fig. 2 shows frequency sweep with storage modulus and loss modulus for standard
gumbase (101), and gum bases prepared with synthesised resin substitutes resin sub.
1 (102) and Resin sub 2. (103). |
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ball and a sphere. The invention will now be described in further details

in the fgl !l op,ng, AP M estadaed frienr Mﬁ;ﬂ hifinel
shows thfeIj coPr:%érgi sshggjgot?lb?ﬁ{t”%sg‘%gcﬁ?esi nfesubsti t(t(?;e}sﬁl\?ﬁ th P%Agbdg?gmmsgans of
vi scosity veResissith@adn amauets 0f00%i(¢08)and 36%s(10PBquency sweep with storage
nodul us and | oss nodul us for standard gunbase (101), and gum bases
prepared with synthesised resin substitutes resin sub. | (102) and Resin

sub 2. (103)Fig29 sRERY EBRs 9 GRofiManRis [dF244hdkdT{ 10D ddd Qathklies containing
Resin sub. 2 in amounts of 20% (108) and 35% (109) (initial phase).
15 ,
Fig. 8 shows the sensory profile analyses of standard (107) and samples containing
Resin sub. 2 in amounts of 20% (108) and 35% (109) (intermediate phase).

Fig. 9 shows the sensory profile analyses of standard (107) and samples containing
20  Resin sub. 2 in amounts of 20% (108) and 35% (109) (end phase).

Fig. 10 shows degradation of resin substitute measured as loss of Mn as function of

time,

25 EXAMPLE !

Molecular weight (Mn) and a glass transition temperature of poly(vinyl acetate)

GPC and DSC measurements were performed in order to evaluate the number
average molecular weight (Mn) and a glass transition temperature (Tg) of a

30 poly(vinyl acetate) (PVAc) resin typically used as a gum base ingredient. The
average molecular weight (Mn) of the PVAc was 5,130 g/mol and the glass transition
temperature (Tg) was 33°C. '



© 21 Fig. 3 shows the chewing gumprofile of standard angsgsprgNigsr g8t ai ni ng
synt hesi sed degradabl e resin substitutes Resin sub. 1 (102) and Resin sub.
2 (103), 5 Fig. 4 and 5 shows rheol ogi cal neasurenents of standard gum base
© (107) an@WOyu#7sBlse wherein PVAc and natural resin is repPaQb@&OBYO%RES| n
sub. 1 (108) and Resin sub. 2 (109) by nmeans of viscosity versus shear
rate (figure 4) and the conplex elastigpty (G) and tan (5) vs. frequency
(figure 5). 10 Fig. 6 shows the chewing gumprofile of standard (107) and
sanples containing Resin sub. 2 in ambunts of 20% (108) and 35% (109).

Fig. 7 shows the sensory profile analyses of standard (107) and sanpl es
.containing Resin sub. 2 in amunts of 20%(108) and 35% (109) (initial
phase). 15 Fig. 8 shows the sensory profile anal yses of standard (107) and
sanpl es cont §E Resin sub. 2 in anounts of 20% (108) and 35% ( 109)
(internedia e). Fig. 9 shows the sensory profile anal yses of standard
(107) and séﬁ%‘?ez?oé%%?tgq‘% ng 20 Resin sub. 2 in anpbunts of 20% (108) and
35% (109}% (end phase). Fig. 10 shows degradation of resin substitute
measured as | oss of Mi as function of _time. 25 EXAMPLE | Mol ecul ar, wei ght
(Mh) and a ¢nadern ko idantifipthe HRREF FORPYMSF RGP \ihath Mould: sregices JsBredabls” pec

measur ement f j r . ,
%zlﬁéﬁaq (% sg:{r']x atﬂgﬂgﬁ delactRisBuatd #haad, Ne sehuzber rea@tgt?fs Z'Qgrg

nol ecul ar we ss transition tenperature (TQg)
pol y(vi nyl zesfwmte) at| RuAtIrgetemblrctlypiveighlsy namely 3906 gimol bud 8,000 vwil.ent .

The average mpl ecul ar wei ght ,(Mh t PVAc was 5,130.q9/ nol and.the
gl ass transivRRom W%WBB?%&F%F"@CIE‘?‘&%S' &gg f‘g VIng3s SpRiE ‘%0?%‘“"@@’6%76076228

PCT/ DK034 003 HinocPdsciP IRk Endich Bl RRTRRUS

All glassware and stir bars were dried at 200°C overnight prior to use. Model
compound polymerizations were carried out neat in 40 ml test tubes equipped with
24/40 joints. The proper amounts of e-caprolactone (CAP) and D,L-lactide (DLL)
15 monomer and stannous octoate (SO) catalyst (1:4x10™* mol SO/mol monomer) were

added to the reaction vessel along with a small teflon-coated stir bar.

A summary of the DSC results of the above model compound polymerization is
shown in Table 1. The Tg of the resulting material decreases with increasing CAP
20 content in the feed. Table 1 shows the resulting Tg from each copolymer ratio. All
Tg data was measured on the second heating scan off the DSC experiment at a

heating rate of 10°C/min.

TABLE 1

Sample Mol % CAP in feed Tg (°C)
A 2 29

B 10 23

C 15 19

D 20 11

E 5 38

F 10 130

G 12 26

SUBSTITUTE SHEET (RULE 26}



-5 1n order to identify the proper copolyner ratio thatosPPIEMBER2I0S a
degradable material with simlar thermal characteristics to PVAc, a series
. of reactions were conducted at two target nol ecul ar wei gh nanel y 3, 000
" g/ ol and®9%H6%3F nol , varying the nononer feed ratios- ?ﬁi%ﬁ&&xng is a
representative exanple of the 10 nethod used for the nodel

copol yneri zations. Al glassware and sti23 bars were dried at 200C over ni ght
prior to use. Mdel conpound polynerizations were carried out neat in 40
n test tubgg equipped WTh[ 24140 joints. The pppper anounts of
c-caprol actone (CAP) and D U-lactide (DLL) 15 npnonmer and stannous _ocjoate
(SO catal yispvAd. 4x10 nol SQumaol nononer) were | a8lded to the reaction

vessel al ong—with a-small tdflon—ecoated—sti+—bat-—A-sumrary—of—the DSC
results of the above nodel conpound pol ynerization is shown in Table 1.
The Tg of the resulting material decreases with increasing CAP 20 content
in the feed. Table 1 shows the resulting Tg from each copol yner ratio. All
Tg data was FEAMPIEEI3on the second heating scan off the DSC experinent at a
heating rate of 10C/ mn. TABLE 1 Sﬁ | eMbl % CAP in feedTg (C) A229 B1023
C1519 D2011 kargs batehws fen gum baspans %E SHEET (RULE 26) 20 SEPTEMBER 2005
WO 02/ 076228 23 PCT/ DKO2100201

Two large batches of copolymer were synthesized with target molecular weights of
3,000 g/mol and 5,000 g/mol with monomer feed ratios both of 10% CAP. As before,
all glassware and stir bars were dried at 200°C overnight prior to use. Both large-
scale reactions were conducted in a 1l reaction kettle fitted with a three neck cap.
10 The proper amounts of CAP and DLL monomer were added to the reaction vessel in

the proper ratios as indicated in Table 2.

DSC and GPC analysis of the resulting material indicated the Tg of the copolymers

to be 23 and 31°C, while the molecular weight was found to be 3,500 and 5,600
15  g/mol, respectively.

DECGATE "“C NMR analysis of the resulting material indicated a 9,3 and 7.6mol%

CAP incorporation in the copolymers.

l TABLE 2
% CAP in Feed Tg Mn
3K 9,3% 23 3,500
5K 7.6% 31 - 5,600
20
EXAMPLE 4

Gum base preparation

In order to test the two batches of copolymer prepared in Example 3, a gum base
25 were prepared. Thus, the synthesised resin substitutes poly(D,L-lactide-co-g-
caprolactone) with Mn: 3,500 g/mol and Tg=23°C (designated 3K in example 3), and

SUBSTITUTE SHEET (RULE 26)



© H1522 PVAcna33 EXAMPLE 3 Large batches for gum base aneSpPTEMBER20080 | ar ge
bat ches of copol yner were synthesized with target nol ecul ar wei ghts of

. 3,000 g/nol and 5,000 g/nol with nononer feed ratios both of 10% CAP. As

" before, MI2/6ESsware and stir bars were dried at 200C oRSTAMROM or to
use. Both large- scale reactions were conducted in a 11 reaction kettle
fitted with a three neck cap. 10 The proper anounts of CAP and DLL nononer
were added to the reaction vessel in the proper ratios as indicated in
Tabl e 2. DSC

t he copol y Y&BI% g’lo)‘éffilﬁ;pé‘i]éftgh ﬂ’r’@sﬂlpté%%g})%gg wgﬂztfji&ed the Tg of

be 3,500 andsib;h 53%% Stgﬁﬁ&gg-gg;{%% i Hatddfs. NMR anal ysi s of the

resul ting materla |nd| cate a 9,3 an 6nmol % CAP I ncorporation in the
copol ynmers. TABLE 2 % CAP in FeedTgWh 3K9, 39233, 500 5K7.6%315, 600 20

EXAMPLE 4 b ' ' d h b
copol ymer a‘@sﬁ@% BB R oanitaBi retsurebake g Actaiap® MR g below g
synt hesi sed T4 ﬁ&ebﬁﬁddmstﬁ&h@@dmﬁd&ti{mkafégld&rﬁ%&cmeqiyac&%ﬁe) Wi th M

3,500 g/rnol and Tg=23C (designated 3K i n exa and "SUBSTI TUTE SHEET
(RULE 26) 20 SEPTENBER 2005 V\D 02/ 076228
TABLE 3
Standard | Resin Resin Standard | Resin Resin 35
(101) substitute | substitute | (107) 20% %o
{ 1 2 substitut | substitut
{102) (103) e2 e
(108) (109)
Elastomer | 18% 18% 18% 18% 18% 18%
PVAc 20% - - 20% - -
Resin sub. | - 20% - - - -
1
Resin sub. | - - 20% - 20% 35%
2
Natural 20% 20% 20% 20% 20% 5%
resin
Softner 25% 25% 25% 25% 25% 25%
Filler 17% 17% 17% 17% 17% 17%

Resin sub. 1: poly(D,L-lactide-co-g-caprolactone) with Mn 3500 g/mol and Tg=23°C

Resin sub. 2: poly(D,L-lactide-co-g-caprolactone) with Mn 5600 g/mol and Tg=31°C
10

EXAMPLE 5

Comparison of synthesised resin substitutes with PVAc

15  The two synthesised degradable resin substitutes from Example 3 were evaluated
with respect to viscosity vs. shear rate and was compared with PVAc using a

theometer, type AR1000 from TA (Flow sweep at 100°C ). The result of this

SUBSTITUTE SHEET (RULE 26)



24 PCTI DKO2100201 pol y(D, L-1 acti de-co-s-caprol act one) 20SEPTEMBER 26080 g/ nol
and Tg=31C (designated 5K in exanple 3) were tested in different gum base
~formul ati 28\‘}} %gg di fferent gum base formul ati ons were prepared in

T

accor danc e below 5 Table 3. The anpunts in the &&HREIHWHYHs are

given in percentage by weight TABLE 3 StandardResi nResi nSt andar dResi nResi n
35 (101) substitutesubstitute(107)20%%6 123%bstitutsubstitut (102)(103)e2e2
(108) (109) El astomer 18948%48%18%18%18% PVAc20% - 20% - Resin sub.-20% - - -

Resin sub. -- 0B5% 30920 %N U2 QYR i

Sof t ner 25()/&55%%%&2%%%%& F@J# %%/?7%%%&%%’7%@&?% Whpy? hes a closer

pol y( D, L- | actiathh-to®WAC than Reaint swhe) wiihtrhspbt @548 ogityrViseusety Tga 3fpocaasi n
sub. 2: pol ygD, L-1 a%t ,de: co-s-ca(groltgé:fﬁone with Wh 5600 gl mol and Tg=31C
10 EXAMPLE 5PESRSET St with respattie thestinl feadirg prapsstissiaf the suin @ad prosessise The
two synthesi pefleffRebRgRAEsE &R dheRitShint Ut es from Exanpl e 3 were eval uat ed
Wth respect t0 viscoSity vs. shear Tate and was conpared with PVAc using a

rheonet ery type AR1000 from TA (Flow sweep at 100C ). The result of this
SUBSTI TUTE SEEE%BHEE 26)
Evaluation of storage modulus, loss modulus and tan(delta) for gum bases

prepared with synthesised resin substitutes

{ 10 The two gum base samples prepared with the synthesised resin substitutes (samples
| 102 and 103 Example 4, Table 3) and the standard gum base prepared with PVAc
(sample 101, Example 4, Table 3) were evaluated with respect to storage modulus

(G) and loss modulus (G*"). The rheological properties (frequency sweep at 70 °C)

was determined using a rheometer, type ARI1000 from TA Instruments, The

15  oscillation measurement is performed at a stress within the linear viscoelastic region

and a temperature of 70 °C with a parallel plate system (d=2,0 cm, hatched).

The results from these measurements are shown in Fig. 2. It is clearly seen from Fig.

2 that the gum base samples 102 and 103 containing the degradable resin substitutes

20  Resin sub. 1 and Resin sub. 2, respectively, are very close to the standard gum base

i (sample 101) (conventional gurn base) on these parameters. Thus, when measuring
plasticity (loss modulus) and elasticity (storage modulus) it can be seen that the gum

bases comprising the synthesised resin substitutes are similar to the standard gum

base. Plasticity and elasticity are parameters that are essential for the texture in the

25 final chewing gum. It can also be seen from Fig. 2 that the gum base sample

containing Resin sub. 2 is closer to the standard with respect to these parameters,

EXAMPLE 7
Chewing profile
30
In order to test the chewing profile of the chewing gum samples containing the gum

bases with synthesised degradable resin substitutes Resin sub. 1 and Resin sub. 2



20 SEPTEMBER 2005 WO 02/076228 PCT/ DK02/ 00201 25 evakoSEPTEMBER2008 Seen
fromFig. 1. It is clearly seen that Resin sub. 2 has a closer match to
PVAc than Resin sub. 1 with respect to viscosity. Viscosity is an inportant
par anet eWBH63Bt h respect to the final texture propert i BSTVBEKO¥HEOGum and
processing properties of gum base and chewing gum 5 EXAMPLE 6 Eval uati on
of storage nodul us, |oss nodulus and tanjgdelta) for gum bases prepared
wi th synthesised resin substitutes 10 The two gum base sanpl es prepared

ith th hes) i bstit I 102 103. Ex l e 4,
Table 3) andStRRleq QAR e iFREut b ohts S HEPYALS CHRliThinc? FEv B anp e
4, Table 3) ﬁmﬁn@@ Hﬂ&%).%%ﬁﬁ@efﬁéqu&&f&&rﬁ% m@,t%gﬂbuﬁa Wagékd oss

The th C was

nodul us (G'). eol ogi cal properties (frequency sweep at 70
det er mi ned usisalivaand denemperatiry pes ARIDGO°Er The dHewing timenwad set tdHS skb,

oscillation neasurenent is perforped gt a stress within the |inear

vi scoel asti % & SR sesrandy | %ﬁ%r&%ﬂr&eﬁmﬁégﬁcaﬁ"f’?ﬁ ﬁu‘béYaélmé?S“fﬂ%aP’é 35yst em
(d=2,0 ¢ § ; a K Fig.
o 111 s el aaepet ypk RRIGRYELR TATRHARRE ISR An . SRO0ER 08
cont ai ni ng tthesedmepsarkaidngs casbaseznlst Figud edhetiin Rescompleb elasticityd(@Bsind sub.
2, respectivel are very close to the standard gum base anple, 101
(convent i onéﬁnémrﬁ%eﬁh‘%ﬁng higge ‘Ea‘ieﬁmdesg@@ﬂ%,t Mmggﬂ{g&ﬁg‘l“m
plasticity (lQgs,grodul us) and elasticity (storage nodulus) it can be seen
that the gum basts conprising the synthesised resin substitutes are
simlar to the standard gum base. Plasticity and elasticity are paraneters
that are essential far the_texture in the 25 f.inal ew n um It. can al so
o seon s onkHigh clealyzees oy mmeclipicay e 3 of ot HadF catipint <
closer to thgnalgiodrnchhiidile FRRPAMEikRs FRRCUBAT AT §afid ReSMEbE2 (18w ng

profile 30 ‘
are very close to the standard chewing gum (101) with a tendency that resin sub. 2

(103) is the one closest to the standard. These observations are confirming the

rheological data obtained in the above Example 5.

15
EXAMPLE 8
Hardness
20
( The hardness of the two chewing gum samples containing the synthesised degradable

resin substitutes Resin sub. 1 and Resin sub. 2 (samples 102 and 103, respectively)
was compared with a standard chewing gum preparation. The hardness of the fest
samples were tested by an compression load test using an Instron instrument with a 4

25 mm DIA CYLINDER STAINLESS at a speed of 25 mm/min. using a test distance of
3.5 mm into the chewing gum body.

The test result (N) of this experiment is shown in the below Table 4.



“In order to test the chewing profile of the chew ng g2oSERTEMBER 2084t ai ni ng
the gum bases with synthesised degradable resin substitutes Resin sub.

. and Resin sub. 2 20 SEPTEMBER 2005 WO 021076228 PCT1DK02/ 00201 26

(sanpl esWIDR/AMEB103, respectively). The gum centres wer ePEFOKSA 09291
chewing machine (CF Jansson). The chew ng frequency was set to 1 Hz, a pH
buf fer was used as saliva and the tenperature was set at 37C. The chew ng
time was set to 15 sec, 30 sec, 60 sec and 120 sec. After chew ng, the
chewed cud QE%§ured on a 5 rheoneter, type ARLO00 from TA Instrunents
in a frequeﬁ@@B . The results from these neasurenents can be seen on
Fig. 3 wherfern the conplex elasticity |ffpdn taﬁ@g)(ygrsus chew ng gi ne
is depicted illustrating the texture changes during chewing. 10 As it |is
clearly segn fron1the conpl ex elastiC|tywamoF$g 3 bot h sanpl es cont aifni ng

Synt hesi se ble—~+esi bst+itut ResA—sti—3 \—.ECL) atrd--RestA—sub.
2 (103) ar eﬁ%‘ﬁaffr@l t(h@ljstandar fQ: ew ng gum2 01) with a tendency
that resin léwx&#r&’s?ﬁ sibstiniee] PIR) CTPpp§st To Thefgiandard. "These

observati ons confirmng the "rheolbgical data eobtained in the above
Exanpl e 5. JSinBl@\theﬁnHﬂrsdmsz(lm)Thelmérdness of 2tlhe two chew ng gum

sanpl es comntaipi-hg-the—syhthesi-sed—degradable—+resin—substi-tut-es—Restn sub.

ATUTTOT™C ool 1T oOo03 CTO LB\"X"A BEN!

| and Resin sub. 2 (sanples 102 and 103, respectively) was conpared with a

standard cheyd pg wmeﬁrﬁm&ﬁé hiRfe THBE NahdRRSHing g uhhgarh@%s corﬁ@fﬁmgteﬁsig{eLGZS

tested by an conpression |oad test using an Instron Instrument w
mm DI A CYLI NDERitGEAIINAEES @tk wry pbesd tofthe Standard nhewiog rgpuna withs resgiestt tince of

3.5, o Lhe cheng oumbedy eThe f ool oot b, @ sdlthss FRTALE 1S

These observations are confirming the rheological data obtained in Example 5

(viscosity) and Example 7 (compiex elasticity).

10 EXAMPLESY

Gum base replacement of synthetic resin PVAc and natural resin

An experiment was set up in order to test if the synthesised resin substitute resin sub.

2 would be suitable for substituting both the synthetic resin PVAc and the naturat

15  resin applied in gum base. Thus, a standard gum base containing 20% natural resin

| and 20% PVAc (sample 107, Table 4) was compared with a gum base containing
20% resin sub. 2 (substituting 20 % PV Ac) and 20% natural resin (sample 108, Table

4) and a gum base containing 35% resin sub. 2 (substituting 20 % PVAc and 15%

natural resin) and 5% natural resin, respectively. Thus, the amount of natural resin in

20 sample 109 was reduced with 75% as compared to the standard gum base (sample

107). Accordingly, the following rheological parameters were measured using a

rheometer, type AR100G from TA Instruments: G* and tan delta vs. frequency, and

viscosity vs. shear rate.

25  The results of these rheological measurements are shown on Fig. 4 and Fig. 5.
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St andard chewi ng gum (101)10.92.0 Sanple with resin substitute 1

. (102)7.91.2 Sanple with resin substitute 2 (103)10.42.1 As can be seen from
t he abov@’%&”gﬁﬁ, t he chewi ng gum sanpl es contai ni ng r esPFRTPEIHEIN Ut es |

and 2 are very close to the standard chewing gumw th respect to 5

har dness. The gum base with resin sub. 2g s the one closest to standard gum

base. These observations are confirm ng the rheol ogi cal data obtained in

Example 5 (V] scosi nd L X |.Gl X LE 9 Gum
base repl acéd?‘rse?s‘ﬁnotg‘? g%brﬁ%f %%@éﬁ/h&m&mgmﬁ oﬁgﬂf‘ﬁ%'jpcﬂrag%ar?’ H%QSA% €Fi ment
was set up ithe @0dgid 89 %e&bini fubktirates YRinhsled 168 dn€S109)s eStdry Wieser RSt sub..
2 woul d be suitable for substituting both the synthetic resin PVAc and the

natural 15 rstandardagyh bast (samplart)Base. Thus, a standard gum base cont ai ni ng
20% natural resin and 20% PVAc (sanple 107, Table 4) was conpared with a

gum base co | Ni-Ng %.- ' b L 0 : %
natural res :};r{g{(nsg%ppég@%%&g?aglsé&g% %%@Jgﬁgjm aisag ((a:gln aagﬁ%“@gg)ﬁ t&lgsi n
sub. 2 (Substdduehdy)dt 24h b6 Bdbicthanthe ieftacemadny rof| PV &S iwith wesih St 2afsample
Feduced v | HOBSOESH Bohiae WhLhe SPaAE B SaRMBA T BRFERETA RN &
Accordi ngly, ;s g, | : ' Bt ’ ' a
rheoneter, tlf/pe XE&%%‘S%‘?%%%?%%? rlr?ecﬁita%: leﬁgﬂ?]gwl?gﬁan el E%ééggx_e P‘g%uency,
and vi scosirtsin\(sample eld)9) watleresbsubh@, ressit {rsa gunt hassewhicka$ ogliosalo the
Teasur ement Sstﬁx%%rdsgfn%agen(sgﬂlgle 1%7?Pv9thlf'les%éct5tb the measured rheological properties,

{

10 although it is a bit more compact (higher G*) and plastic (higher tan delta).

EXAMPLE 10
PVAc and natural resin replacement in a standard chewing gum formulation
15
The following experiment was conducted in order to test gum bases wherein PVAc
and natural resin were replaced with resin sub. 2 in a standard peppermint chewing

gum formulation.

20  Three chewing gum formulations were prepared with: i) a standard gum base with
20% PV Ac and 20% natural resin (sample 107, Table 3), ii} a gum base containing
20% resin sub. 2 and 20% natural resin (sample 108, Table 3} and, iii) a gum base

containing 35% resin sub. 2 and 5% natural resin (sample 109, Table 3).

25 The standard peppermint chewing gum formulation was prepared in accordance with
the below Table 5.

30 TABLES

% wt.
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4 the viscosity values of the gum base sanples containing the 20 and 35 %
. resin substitutes (sanples 108 and 109), are very close to the standard
gum base 6#8%107). From Fig. 5, showing a frequency sheEPERE1and tan
(delta) as function of the 5 frequency, it can be seen that the

repl acenment of PVAC with resin sub. 2 (sgple 108) results in a gum base

which is simlar to the standard gum base (sanple 107). It is further seen
fromFig. SGM Tlc reptacyT g% of botiTPVAc and 75% of the natural resin
(sanple 109) " w ia‘n resin subf 2" results inta gum base which is close to the

standard gurgdibizél dosatep! e 1(01}),5wth respect to the neasured rheol ogical
properties,—10 although ittis a bit nore conpact (higher G) and plastic

(hi gher tan Méltltt%\l)syl‘i-@XAI\/PLE §050PVAC and natural resin replacement in a

standard c mf-or 5—Ftre—fol | ow ng experi nent was conduct ed
in order tg %]ét?lg%%ases wﬂg;jgl n PVAc and natural resin were replaced
Wi th resin [Splgedminfloi@ Standargl pepperm nt| chewing gum fornulation. 20

ng gum formilati gns were prepared with: i) a standard gum base

Thr ee chew

with 20% F\Menthold 20% naturé)BOresi n (sarrp e 107, Table 3), ii) a gum base
cont ai ni ng F20%frestha—stb- apg—208%nratural resin (sanple 108, Table 3)
and, iii) 4 E#’Bg Vet ot g rq"jrf;)g 35% resinjsub. 2 and 5% natural resin
(sanple 10 1Pe ééow&’e'? They 8f andard pepperm nt chewi ng gum fornul ation
was prepared i n_accordance with the bel ow Table 5. 30 TABLE 5 %w. 20
SEPTEMBER 208fpav@xe?2/ 076223 | DR0

i Acesulfame 0.10

The three chewing gum formulations prepared were evaluated with respect to G* and

tan(&) measured as chewing gum profiles.

5  Fig. 6 shows the chewing 'gum profile of standard (107) and samples containing resin
sub 2 in amounts of 20 % (108) and 35 % (109).

From Fig. 6 it can be seen that the two chewing gum formulations with gum base

containing 20 % resin sub. 2 (108) and 35 % resin sub. 2 (109) are somewhat softer

10 in the initial phase, i.e. until 45 sec after the onset of chewing. After 60 sec there are
no differences between sample 107 and 108. Tan (§) values on sample 107 and 108
are also similar. The above rheological results are confirming the fact that the resin
substitute 2 has similar properties as compared to PVAc.

15  Additionally, the hardness of the three chewing gum compositions was evaluated by

Instron hardness-method. The results of these measurements are shown in Table 6.

TABLE 6

Chewing gum formulation Hardness (N); mean of 5 S.D.(N)
Standard gum base (107) 20.4 0.7
G‘um base containing 20 % resin | 20.4 0.7




GQunbase41. 50 Sorbitol powder40.50 Maltitol syrup5.50 XykkprEmpEreos10. 50
Peppermnt oil 1.0 Ment hol 0. 30 Ment hol powder 0. 20 Pepper m nt powder 0. 20
. Aspartane0. 20 Acesul fane0. 10 PCTI DKO2/ 00201 The three chew.n um
for mul at POh/YFEBar ed were evaluated with respect to G angl/AEIFE301
measured as chewing gumprofiles. 5 Fig. 6 shows the chewi ng gumprofile of
standard (107) and sanples containing regin sub 2 in anobunts of 20 % (108)
and 35 % (109). FromFig. 6 it can be seen that the two chewi ng gum

formul atio ouvi‘l‘d:g‘mbaoc contarm Ty 209 resimsub—2-t108)—=and—35%0
resin sub. z"h%é& ire sonmewhat softef 10 in the initial phase, i.e. until

45 sec aft erGhme bRs bnt@initg19W 7 .resh | @7.160 sec there arej o di fferenges
bet ween sanpl e 107 and 108.” Tan (S) val ues on sanple 107 and 108 are al so

simlar. Thesubbd(E%heol ogical result$ are confirmng thelfact that the
resin substi i ' PYACTIS T
Additionally, the hardness of the three chew ng gum conpositions was
eval uat ed byag ks bé Qe foANBHTe FEBskultd BBtafREUrdE thé hhldass MERAGthRNENt S
are shown in Table 6. TABLE 6 Chew ng gum fornul ati onHardness (N); nean of

5S.D. (N) Staadanfimyng thedeta(ateaipebinithe aboyarErzmplechnsampien§8dms symilar
resin20. 40. 7pr%8er§1cEsP Iclxzr%%aEr@d g %%nﬂ?d(ﬁb%?%&?, it%an be seen that the chewing gum

S formulation based on gum base containing 35 % resin sub. 2 (109) is a bit harder in

the initial chew compared to sample 107 and 108.

EXAMPLE 11

10  Sensory profile analyses of test chewing gum

The three chewing gum samples were tested by serving them to the sensory panellists
in tasting booths made in accordance with ISO 8598 standards at room temperature
in 40 m! tasteless plastic cups with randomised 3-figure codes. Test samples were
15 evaluated after chewing for 0-1 minutes (initial phase), 2-3 minutes (intermediate
phase) and 4-5 minutes {end phase), respectively. Between each sample tested, the

panellist were allowed a brake of 3 minutes.

The following standard parameters were assessed: Peppermint flavour, Menthol,
20 flavour intensity, tacking to teeth, bitterness, initial softness, volume, softness,
sweetness, off-notes, smoothness and elasticity. For each of these parameters, the
panellists were required to provide their assessments according to an arbitrary scale
of 0-15. The data obtained were processed using a FIZZ computer program (French
Bio System) and the results were transformed to sensory profile diagrams as shown

25  in Figure 7-9.

The major differences between test chewing gums in all tree phases were the

following:



" PCT/ DK02100201 sub. 2 (108) Gum base containing 35 % ReSEFTEMBHEHR2@Ssub. 2
(109) As can be seen from Table 6, the results obtained fromthe hardness
measurenents are confirmng the data obtained in the above Exampl e 9,
sanpl e 1¥ HASZEnilar properties conpared to standard (R@’?’})KO%%O} it can
be seen that the chewing gum5 fornul ati on based on gum base contai ni ng 35
%resin sub. 2 (109) is a bit harder inj3ithe initial chew conpared to
sanpl e 107 and 108. EXAMPLE |1 10 Sensory profile anal yses of test chew ng

gum The thr c P F ast r Y t 0

sensory pangﬁ.ﬁ élfé\gxﬁ‘gﬁgﬁggél nglnggzot lgda%g é r?%ng%g?r?cfg%%gdvﬂhﬁgh#rsg%%@%
—--standar ds atconrfparsd eithest@iditd; except4Fomthet iaiiablsoftfiess| volsdre CL08UpIhwiHabdest

random sed 3-figlur_e codes. Test sanples were 15 evaluated after chew ng for

0-1 ni nut es formuigtien (copfseing the bardagss resylty inthe phevs Eraapleh@dse) and 4-5

m nutes (end phase), respectively. Between each sanple tested, the

panel l'ist were allowed a brake of 3 mnutes. The foll ow ng standard

par anet erss VifHeechessgs giatl coRfifieg 80 ahd spavid 35, Yolesin lzab 2. sidved| alover tack

intensity, tacking to teeth, bitterness, initial softness, volune,

sof t ness, S\&@éﬁ%‘é@ﬁp%ﬂWh@tth%,smg‘?%g"r%&aém&nd elasticity. For each of

t hese paraneters, the panellists were required to provide their

assessnments according to an arbitrary scale of 0-15. The data obtai ned

wer e processh® akstingy and-v@dmeovasfoend lpnegimahe §ebstinged reBinosaBpdtsergmpanet t he

o The e 1t P A bl B O o Blafie s ieand e ipefe plastice S ©
vere theg T qkkai didito A EEREENBERZRBBnalR) AR(D76223 PCTI DKO2/ 00201 31

EXAMPLE 12
Non-stick test
15
The stickiness of the gum bases presented in Table 3 was tested by applying an
Instron instrument using a SMS Chen-Hoseny Dough Stickiness Rig. The chewing
gum was chewed for 5 minutes in a chewing machine before measurements, The
conditions set on the Instron were for the cross-head to come down at 0.5 mm/s to
20  contact to chewing gum,; the probe (stainless steel) then approached by 10 N. A hold
time of 5 s to allow the stresses to relax. The rate of probe withdrawal was 10 mm/s.

The stickiness force measured can be seen in Table 7.

TABLE 7
Stand | Resin Resin Standard | Resin 20 % | Resin
ard substitut | substitute | (107) substitute2 | 35 %
(101) {el(102) |2 (108) substitu
(103} te 2
(109)
Result (N) {432 |4.19 2.33 7.06 3.81 1.66
mean
S.D. 024 |0.33 0.45 1.67 0.50 0.13

SUBSTITUTE SHEET (RULE 26)



"~ The chewi ng gum containing 20 and 35 %resin sub 2. shoOSERTEMBERj200S
softness conpared with standard, except for the initial softness where 109
is the hardest forrulation (confirmng the hardness results in the above
Exanpl e Y0)02/628e chewi ng gum cont ai ni ng 20 and speci al BSTHK@992Gisub 2.
showed a |l ower tack to teeth conpared with the standard formnul ati on. The
el asticity and volune was found | ower im+he substituted resin sanples
conpared to the standard, which m ght be explained by the softer and
properly nore plastic 10 texture due to the decreased anount of natural
resin. EXAMPLE 12 Non-stick test 15 The stickiness of the gum bases
presented in Table 3 was tested by applying an Instron instrunment using a
SM5 Chen- Hoseny Dough Stickiness Rig. The chewing gumwas chewed for 5

m nut es in altdheleanty seacfiomeTdbéf o thatntbe gumebasas s/herbie thedOWAE s substimetd on

the Instron were for the cross: head t ne down at .0.5 nmis to 20 cgont act
Lo chowi g dunibe eI TSRS Lo sAPBLES 0P EERY § REMCRsR Tack P toBRAFId INBRA hol

time of 5 s &shdakd g 8l PECsarhdle 1682.aX. The rate of probe w thdrawal
was 10 nuns. The g%cklgengss?f orce I?rleasur ed can be seen in Table 7. TABLE 7

St andResi nResi nSt andar dResi n 20 %Resin
andsubstitutsufstitute(1Q7)substitute 235 9% (101 0 108 Sstitu
(103) to > ( TUfHeRmat oh ARHoR Hessiiedn Fatk il chlardEwhes Int P A2 2Rd 805°%¢
S. D. 0. 240. 330udhailreRifd i9EPlak3d SRS SUUTE (Sanigid 10RVUrkus §dr s2ehpREEIHMBRRK2005
WO 02/ 076228 PCT/ DKO2/ 0%%01 5 _
was 1,66 as compared to the standard gum base (107) which was 7.06.
{ 10 -
The difference in stickiness between the two standard formulations (101 and 107) are
cursed by difference in age of the two gums. (101,102,103 same age) (107,108, 109

same age).

15 EXAMPLE 13
Degradation test

The claimed chewing gum comprises at least one degradable polyester polymer.

20  In order to test the rate of degradation, the used polymer for substitution (poly(D,L-

i_ lactide-co-g-caprolactone ) was tested for stability.

The stability test were performed in a controlled climate room with following
conditions:

25  Temperature; 30 °C
Relative humidity: 70 %

The rate of degradation is expressed in terms of molecular weight loss, measured by
a GPC method.
30



32 1t is clearly seen from Table 7, that the gum base20SERFEMBER PWSPVAC i s
substituted by the resin substitutes 2 (sanples 103) have a decreased tack
. as conpared to the 5 standard gum base (101) and sanmple 102. Furthernore,
an addi t WoP076%88r ease in tack i s observed when the PVAc BhPFSs{R01
natural resins is replaced by resin sub. 2 (sanple 109). Thus, for sanple
109 the tack was 1,66 as conpared to th@ standard gum base (107) which was
7.06. { 10 The difference in stickiness between the two standard

formul ations..(101.and 1 i [ e

gurs. (101, Foere 09 Bane 3k Y BERe Ry B BRAIERA A5 bt ahep
--Degr adat i on 1gedayd B mbRt At weiphnofthe gubstioashal degeatd teastndne %efxirdabl e
pol yester polyner. 20 In order to test the rate of degradation, the used
pol ymer for igitiskydlueiti on (pol y(D, L- | actide-co-s-caprol actone ) was tested
for stability. The stability test were performed in a controlled climte
roomwith following conditions: 25 Tenperature: 30 C Relative humdity:
70 % Thesrate of degradation is expressed in terns of nolecul ar wei ght

| oss, measured by a GPC nethod. 30 20 SEPTEMBER 2005 WD 02/076228

PCT/ DKO2/ 00201 33 Figure 10 shows after 50 days of storage that the
substitute has start to degrade. After 180 days the nol ecul ar wei ght of

t he substitute has decreased to around 10 % of the initial value.



5 { 20 SEPTEMBER 2005 34 CLAIM5S 1. A gum base conpri skzOSEFETEMBERENSand
resin, wherein said resin conprises a biodegradable polynmer, and wherein a
chewi ng gum el ast omer pl asticizer conprises 5 said bi odegradabl e pol yner as
a pol yester co-polyner obtainable by the polynerisation of cyclic esters
and wherein the co-polyner has a gl ass tggnsition tenperature (Tg) in the
range from 20 to 38C. 2. A gum base according to claim1, wherein the

pol yester co-polynmer has a glass 10 transition tenperature (Tg) in the
range from BLAMI7C, nore preferred that the pol yester co-polyner has a
glass transition tenperature (Tg) in the range from28 to 35C, even nore
preferred that the polyester co-polyner has a glass transition tenperature
(Tg) in the r.aaggurhriose 3dmpisdiCelastotherat REiaf evieesin tsait rdshre cpmpyiest ar
co-polymer has a glass transition tenperature (Tg) in the range from31 to

34C. 15 3. igdeariteble RUNBES nA gvhereis erhEMing gim ERsIomeRPASHFRCLEREPISES| n
conprises; a by 0&%9%@9&&141@ Bﬁt&}éggr as aRd pﬂﬁﬁétgﬂ nco%pglg&‘éﬂr ngbﬁ@%ﬁg f@t QffE"

pl astici Zer conpri's sai d gr adablfe“pol ymer a co-p

obt ai nabl e Iyolirheriganiby naT ¢yeht iedrRrObnd whergh tHe copobmeer lasda gldsowansition
mononer. 20 4. A umfas,e accor di.ng ‘;qu any of the clainms 1 to 3, wherein
the hi gh Tg HEwsmEte(§e) igdherangs fipgy [Ongﬁr oup of nonomers consisting of
D, L-lactide, L-lactide and glycolide; and the | ow Tg nononmer is selected
fromthe group consisting of s- caprolactone, $-valerolactone, trinethylene
car bonat e ( TMO: gund baliecacanciiveg tc?8labn 1A wjumibalsepalyenediaipolymenhys afgldshe

o pol yri st rgrnsratse (Heace e TR Earh cipifop e g pretorred thit the ™"
polyester co-polymer has a glass transition temperature (Tg) in the range from 28 to
35°C, even more preferred that the polyester co-polymer has a glass transition
temperature (Tg) in the range from 30 to 35°C, and most preferred that the polyester
co-polymer has a glass transition temperature (Tg) in the range from 31 to 34°C.

15
3. A gum base comprising elastomer and resin, wherein said resin comprises a
biodegradable polymer, and wherein a chewing gum elastomer plasticizer comprises
said biodegradable polymer as a co-polymer obtainable by the polymerisation of a
high Tg monomer and a low Tg monomer.

20
4. A gum base according to any of the claims 1 to 3, wherein the high Tg monomer is
selected form the group of monomers comsisting of D,L-lactide, L-lactide and
glycolide; and the low Tg monomer is selected from the group consisting of -
caprolactone, 3-valerolactone, trimethylene carbonate (TMC) and dioxanone.

25
5. A gum base according to any of the claims 1 to 4, wherein said chewing gum
elastomer plasticizer comprises a co-polymer consisting of D,L-lactide and e-

caprolactone.

30 6. A gum base according to any of the claims | to 5, wherein the co-monomer ratio
between D,L-lactide and e-caprolactone in the co-polymer is in the range of 80:20 to

99:1 (mol:mol).



30 6. A gum base according to any of the clains 1 to 2%¢SEFFEMBER 2098
co-nononmer ratio between D, L-1actide and E-caprol actone in the co-pol yner
is in the range of 80:20 to 99:1 (nol:nol). 20 SEPTEMBER 2005 35 7. A gum
base according to any of the clains 1 to 6, wherein the co-nononer ratio
between D, L-1actide and c-caprol actone ifsthe co-polymer is in the range of
92:8 to 94:6 (nmol:nol). 5 8. A gum base according to any of the clains 1
to 7, wherein the nolecular weight ratio between D.L-lactide and

c-caprol actone in the co-polynmer is about 93:7(nol:nmol). 10 9. A gum base

according t 07%%119; bdsB : &rdin o]zm#' %{%&eoggﬁsgl S%Ef‘g«;l@n@ne&%%[%&%&%@} rg.glfg

said co-polymer <I's in e rafige o umb

accor di ng t chewyeroD,I-hetigé ahdrs-chpmcamevvﬂ%@wgb%mé B theabn¥Eboo1:8 91
said co-polyner is 1n the range of 3.000 - 7.000 g/nmol. 15 11. A gum base

accordi ng t P4hymekmphe clains | to 10, wherein the nol ecul ar wei ght of
sai d co-ﬁgl ymer is about 3.500 g/nol. 12. A gum base according to any of
t he cl ai 1 to 11, wherein the nol ecular weight 20 of said co-polyner is

about 5.000 &/AQum Bae abcinghta Ry AFARE Blaltfs 1| Qo INWHefeid AR MbRCARr Weight12,
wherein the glass transition tenperature (Tg) of said co-polynmer is in the

range of 15-@0¢. begveen. IhLdeetidsaswdacewpdilagonn mnythef cotpelymieri is hbaw 13,
wherein the %?(ss ljtr sition tenperature (Tg) of said co-polynmer is in the
range of abott /% " 15. A gum base according to any of the clainms 1 to
14, wherein the glass transition tenperature (Tg) of said co-polyner is in
the range of 25-40C. 30 16. A gum base according to any of the clainms 1 to
15, wherldh n 9-Hegynaase agcanding toany efghpelemmsut ¢o §.Tyherotn thaimplesvlagoveiggrofi s in

the range Ofsa?cpéoqggymer is in the range of 1.500 - 9.000 g/mol.

10. A gum base according to any of the claims 1 to 9, wherein the molecular weight
of said co-polymer is in the range of 3.000 - 7.000 g/mol.

15
11. A gum base according to any of the claims ! to 10, wherein the molecular weight

of said co-polymer is about 3.500 g/mol.

12. A gum base according to any of the claims 1 to 11, wherein the molecular weight

20  of said co-polymer is about 5.000 g/mol.

13. A gum base according to any of the claims 1 to 12, wherein the glass transition

temperature (Tg) of said co-polymer is in the range of 15-40°C.

25  14. A gum base according to any of the claims 1 to 13, wherein the glass transition

temperature (Tg) of said co-polymer is in the range of about 21-25°C.

15. A gum base according to any of the claims 1 to 14, wherein the glass transition
temperature (Tg) of said co-polymer is in the range of 25-40°C.

30
16. A gum base according to any of the claims 1 to 15, wherein the glass transition

temperature (Tg) of said co-polymer is in the range of 30-35°C.



20 SEPTEMBER 2005 36 17. A gum base conprising el ast ozeSERFTEMBER 2005 wher ei n
said resin conprises a biodegradabl e polyner according to any of the
claims 1-16. 5 18. A gum base according to claim 17 conprising a chew ng
gum el astonmer plasticizer consisting of D, L-lactide and E-caprol act one.

19. A gum base according.to claim18 or 1§, wherein the co-nononer ratio
between D, L-lactide and E-caprolactone in the co-polyner is in the range
of 80:20 to 99:1 10 (nol:nmol). 20. A gum base according to claim 19,
wherein the co-nononer ratio between D,L- |lactide and E-caprol actone in the

co-pol ymer i57.iA gue Uad@6mplisiAgd: dadt@mO%a rdsiD! whdbih- sald résln cOmpHRPASE
according to claim 20, wherein the nol ecul ar weight ratio between

D, L-1 act i de kindegradeby pilameoansoiding tocany@f the slams Ii-86.about 93: 7(nol : nol ) .
22. A gum base according to claim 21, wherein the nol ecul ar weight of said
co- 20 polymer is in the range of 1.500 - 9.000 g/nmol. 23. A gum base

accordi ng toigl Al @h&Zbas&hﬁéc@rdlnghg oRiecul abmpBikialt a Chewaigd gG@- eRSoMIFRr | S
in the range of 3.000 - 7.000 g/nmol. 25 24. A gum base according to claim
23, wher ei n plhgticmsr eondistingudilyhtlagsidesad @-aaprolgptdngner i s about 3.500 g/ nol .
25. A gum base according to claim 24, wherein the nol ecul ar weight of said
co- polyner is about 5.000 g/nol. 30 26. A gum base according to claim 25,

wherein the m.a@gmhrﬁeéa&d&mg%mﬁfﬁtmr& 10T Ghereff the @bin&RorRQ! IS betweh N t he
range of 15-40C "20 SEPTEMBER 2005 37 27. A gum base according to clal m 26,

wher ei n t he Bllakstide and istdaprolacopeirather @-pdlgner of insthiedracge pOBY@Orioi 2%:in t he

f about .21-25C.
range of, Abolt 1218,

20. A gum base according to claim 19, wherein the co-monomer ratio between D,L-
lactide and e-caprolactone in the co-polymer is in the range of 92:8 to 94:6
{mol:mol).

15
21. A gum base according to claim 20, wherein the molecular weight ratio between

D,L-lactide and e-caprolactone in the co-polymer is about 93:7(mol:mol).

22, A gum base according to claim 21, wherein the molecular weight of said co-

20  polymer is in the range of 1.500 - 9.000 g/mol.

23. A gum base according to claim 22, wherein the molecular weight of said co-

polymer is in the range of 3.000 - 7.000 g/mol.

25 24, A gum base according to claim 23, wherein the molecular weight of said co-

poifymer is about 3.500 g/mol.

25. A gum base according to claim 24, wherein the molecular weight of said co-

polymer is about 5.000 g/mol.

26. A gum base according to claim 25, wherein the glass transition temperature (Tg)

of said co-polymer is in the range of 15-40°C.



5 28. A gum base according to claim 26, wherein the gl2aSEPTEMBER 2006n
tenperature (Tg) of said co-polyner is in the range of 25-40C. 29. A gum
base according to claim 26, wherein the glass transition tenperature (Tg)
of said co-polynmer is in the range of 30-35C. 10 30. A chew ng gum
conprising a gum base according to any of7the clains I - 4. 31. Method of
manuf acturing a chewi ng gum whereby at |east one resin has been
substituted by at | east one bi odegradabl e resin having Theol ogical ly
properties 15 substantially matching at | east one conventi onal

non- bi odegr azialA gumetsise asavirdiap lte claith 26¢ hsteig thiguisnensitos néhyerhtnee flg)l east
one bi odegradabl e resin conprises a _biodegradabl e el astoner plasticizer
pol yner accofdiaithea-polymgr ifin therapgephabout 1525%0

5 28. A gum base according to claim 26, wherein the glass transition temperature (Tg)

of said co-polymer is in the range of 25-40°C.

29. A gum base according to claim 26, wherein the glass transition temperature (Tg)
of said co-polymer is in the range of 30-35°C.
10

30. A chewing gum comprising a gum base according to any of the claims 1 — 4,

31. Method of manufacturing a chewing gum, whereby at least one resin has been
substituted by at least one biodegradable resin having rheologically properties
15  substantially matching at least one conventional non-biodegradable resin suitable for
chewing gum and, whereby the at least one biodegradable resin comprises a

biodegradable elastomer plasticizer polymer according to any of the claims 1-16.

20



