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PROTEI NACEQUS MATERI ALS. 5 AND COVPCSI TI ONS CONTAI NI NG
THE SAME BACKGROUND OF THE | NVENTI ON

Field of the Invention: 10 The invention relates to the
formation of plasticized RRDCES@FGR‘TH@FQRMATION OF and conposi tions
cont ai ni ng the sane epm -To . n IAESWI ng gumns

andcconfectionery co 'n'-'-; ous materials
have properties that &Bnvent i onal

i ngredients in che and confectloner conp03|t|ons to provide
products which are edi bl %R&%Hmwmgwyﬁaﬁﬁ The

pl astici zed protei naceous material i-s nade by first conblnlng at |east
one protein and at |east one plasticizer which have been matched according

to 20 desirable criteria. The solid state conbination is then treated
under hepjel@ ¥ the Inventiéfnt rol I ed shear conditions to produce a plasticized,
pr ot ei naceous material having uni que properties, that is especiall y
SUI able for gunms and confectionery conp05|t|ons

985189

PCT/ US97/ 17959 scription of the Prior Art:
. The invention relates he formation of plasticized protelnaceous materlals

and compositions containing the same especially for the preparation of chewing
gums and confectionery compositions. The plasticized proteinaceous materials
have properties that enable them to replace one or more conventional ingredients in

15 chewing gums and confectionery compositions to provide products which are edible

and/or biodegradabile.

The plasticized proteinaoeous material is made by first oombining at least
one protem and at least one plastlclzer which have been matched accordlng to
20  desirable criteria. The solld state comblnatlon is then treated under heat and |
controlled shear condmons to produce a plastlmzed protemaceous materlal havmg
unique propertles, that is especlally suitable for gums and confectionery |

compositions.
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Pr ot ei ns are pol ypepti de chains of am no acids having nol ecul ar wei ghts of
from aboutwip dgié1gep to and including several mllion. Al ppoTessw17859%e

constructed fromt he same set of twenty amino acids. The side-chains
of these amngQ acids 5 ffer in size, shape, charge, hydrogen-bondi ng
capaci t y Bescaptignofthefyior Thus, different proteins nay

exhibit different chem cal and physi cal properties.
Al though many proteins may have Sinmlar amino acid conpositions, the ,
sequence of amno acids is unique to,each protein. The pol ypeptlde chai ns

of Pr OpRitEhs%RB Idbqwéﬂt|ﬁéct:ﬁa'ih§@ﬁ§mfriooadt6§havﬁ@ﬂﬁ&lé‘cﬂ&r%l heiof

am no acid sequences he structure of the proteins thenselves |s

ami no. aci ferapt e o Bbe meueing SeeFaHRICH AR BLABRS 8ol Blell, orce

of am no acid residues that determnes t native . bi ol ogical |y
active stfromthesame sef quJwﬁaaaawoeaW?o&ﬁsrﬁé@-%m qfithese amipo acidsr si ty

in protein structures and functions signifies that the relative inportance
of i ptri ndiffer irlSize, sihapyohargs hydrogenpepdingeapacity gndichiemicalapactivitypon

each of the individual proteins. The chem cal and physi cal
forces, behils (italehf bratehs1Ra exRlbAiTeRM chemical andqiysridl proffirgedn ne 1 he
structure and spec c conformations adopted by proteins -1 ncl ude

coval ent bonds, hydrogen bonds, electrostatic interactions, hydrophobic
I nteractions and weak, nonspecific attractive and repul sive forces.
-2- VO 98/ 1
PCT/ US97/ 17959Although many Protelw giay; havesimilge pping agidksompesitiens ithe
conformati ons by a nunber of different

sequence of amino acids is unique to each protein. The polypeptide chains of

proteins can be folded in specific ways, depending on their amino acid sequences.

. 10 The structure of the proteins themselves is determined and maintained by
interactions between the different amino acids that form the polyp'entide. The
specific linear sequence of amino acid r_esid_ues that determines the native
biologically active structure is inﬂuenced by environmental conditions. The diversity
in protein structures and functions signifies that the relative importance of intrinsic

15 properties in polypeptides and proteins depend upon each of the individual proteins.

- The chemlcal and physacal forces both covalent and noncovalent that
generally determlne the structure and specnflc conformatlons adopted by protems |
include covalent bonds, hydrogen bonds, electrostatic interactions, hydrophobic

interactions and weak, nonspecific attractive and repulsive forces.




i nteractions, such as hydrophobic interactions, hydrogen bonding, ion-pair
i it eract i oW© 985189 i on coordi nati ons, and van der Waal s i ntPETAISIT/TIS9 The
Cross | i nki ng of various portions of proteins by the formation of

the cont or mat FREIDE S bl uelftebBective EorSimidng' 7 p R it ™'

structure adopted by proteins in . solutign is a result of all of the
hycliop -

above- medd NSH SHER @8i c interactiops, ogea HOREING RPN,y

altering the tenperature or the solution conditions. Heat, pH and changes
i n sol vernteractions, metabiioni cnesdinations,zahd var def Waals intesdctionsn Jéwe ofoissh

cause proteins to denature 10 and | ose their native structures. The
denat ur at ' il b i ' :
hose. chaning?of PRl perths o1 Pragirishy the formalish BY Astitebont Bmach . o1

may be either nefi ci.al | t r.at.i f roduct .

Doncl ur aiels e A8 redhuetan Hig PgAc e PabBriBtioRh otbrdeBimer “nat ur a
pol yner can be denatured. Denaturation is defined herein as "any

nodi fication of 15 the secondary, tertiary or quaternary structure of a
protein nol ecule, that does not break coval ent bonds". A change in
t he protein stThethree dimensionbl structarecadoptddbyt proteins in solstion is laaegalt of n at
| east one of the physical, chem cal or functional properties of - t he

protein. gihér fHeHoveahbAtlored RitéraRtiBhs. ThelstRitirBHE bisef b@?hﬁg@é‘@b?t ate

process, So that proteins are either in the state o Ive

rovever . G thedeiBRLA B Bie acition sBRONE 7 HeR, nr i eihled i Bpen

believed to be several additional, i nE ernmedi ate, states that proteins assumne.
-3- conditions ¢gn padito gegformational changes which cause proteins to denature
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10 and lose their native structures. The denaturation of proteins is typically
irreversible. Naturally, these changes lead to changes in the properties of proteins,

which may be either beneficial or detrimental to the formation of a product.

" Denaturation is the most unique property of proteins sin_f.e no other natural

polymer can be denatured. Denaturation is defined herein as “any modification of

15 the secondary, tertary or quatenary structure of a protein molecule, that does not
* break covalent bonds”. A' change in the protein structure is usually associated with
| ~_some ch_ange_s in at leasf one of the physical, chemical or functional properties of

| thé p}oiéin: T he denéfuréfibh ofprotems is oftén thought of as a two-state process,

so that proteins are either in the state of native conformation or in the state of
20  denaturation. It is now clear, however, that this is an oversimplification, since there

are believed to be several additional intermediate states that proteins assume.



The degree of change in the structure of proteins and thus in their
properti eswo9snsisy depends on the nature of the individualp@ggieeset self,
as well as on the type and . extent of denaturation. Very little is
known about the internediate states of protein structure. It is
possi bl e that thRdegres shfiange indhe syupiye of peotginsrandsihusde dnele preperties,
reactivity conpared to the fully denatured protein. However, it is clear
t hat pr otdspends on the nature otthetindividual peoteiryiself) @s welhas ondhedype 4adi no
alteration’'in nol ecul ar wei ght despite change in shape, (b)

di ssoci atdy@ént dfidenatliratioh! Vel litRf is/ricwr abattHe ThtéfmediBtb states of ;t)l&)g%in

aggregati on. : A typical denaturation nay occur w t

i ssoci aqioiyR” JERhas B R B MernpaEte st B RA igrent dEdhedg ot
denat urati on, Agr@gi;frggation of proteins, however, nost comonly occurs as a

resldt offeAkyity; araco the fuledenatursd prateip: ddeweveroit isiclesr thatmreteinme

process of aggregation is difficult to control and is sensitive to
envi r onnemayredctdn threesmays apon denaturation: (ajpono altetatiomghmeledulas weigtit
conposition, and al so depends on the tine and rate 15 of heating but

does not dHspeHangedh shafie, (N ECIRRRIRES sULUARS 6F Lbfifitd UARGTPSRe, and

i s a secondary phenonenon depéendent on the el ectrokinetic potentli

denat ur ec& g@ g%ﬁgﬁl ecul es.: The nature of proteins in the
state of ﬁgé @ "may be the nQst inportant property of proteins
in terns of their functionality. The forces that govern the 20

i nteractions between protein nolecules to allow the formation of aggregates
S believed to be the sane as those forces that act to create the

S Zcondar y and A §ypitalrdenaturation rsay accurvethouft alteratiomdinunoleallanweight! arsd it
o 10 is not always certain that dissociation or depolarization of a protein is accompanied
by denaturation. Aggregation of proteins, however, most commonly occufs asa
result of heaﬁng and may be averted by the presence of denaturants. The process
of anr_eg__ation is difficult to control and is sensitive to environmental factors such as
bH; ionic strength and solvent composition, and also depends on the time and rate
15 of heating but does not give a linear tirﬁe—dosage response. Aggregation therefore
. is asecondary phehb'rnenbn dependent on the electrokinetic potential of the

‘denatured protein molecules. "~ -

The nature of prot.eins.in the state of aggregation may be the most imponaﬁt
property of proteins in terms of their functionality. The forces that govern the
| 2b | " mteractlons bét_wé__en protein molecules to allow the formation of aggregates is
believed to be the same as those forces that act to create the secondary and tertiar); :

structures of the individual molecules.
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PCT/ US97/ 17959 The degree of change in structure and thus
. the proper tWO98@35188r ot ei ns depend in part on the manrmeCT/AUSI79S9N
proteins are denatured. Anbng the nost inportant changes in

proteins as a sul of . [ r e ub| 2

| oss of bi ol ogi Qﬁq%&teé}?érta?)aﬁ sﬁﬂﬂé@ea %iq"%e@F @Dﬁ?n&ﬁ &?‘Fﬁéﬁpéné
groups, and (4) changes. in nol ecul ar shape and si ze

Denat ur at fiRdRageN ﬂ'&e B\a@[i&ﬁ? N Whigh P 'Pﬁ@fﬁﬂ?ﬂ?ggﬁpo ABenghe maest impreant al
and bi ol ogi cal nethods. Physical nethods include heating, freezing,

appl i cat i ehanges in proteirsuas acestlb of denatupation ateeél) dpdredsadn splubiityr(@) and
radi ati on including ultraviolet and ionization radiation. Chem ca

met hods | msésldfeb@mg.@ml é&;vﬁve(a) Giidreass i feactiity ofsw\l@t.ﬁﬁenwbmmss and4)

adjusters, and salts. Biological nmethods include the use

pr ot Iyt| Protein. denaturatlon br ought about by
heat %ﬁg, &&?&@éy a?ﬁcggf%lrath?%e7gPe 'z? conventionally requires

the use of a solvent to, inter alia, av0| d conconit ant

deconposition of the pol ypeptide chain, and to preferably provide a dilute
solution 15 to avoid internol ecul ar interactions of the denatured

prot ei n. AqueolBenaturation can be brgughi@beutdby-thexapplicationiofiphysical,icivesibalv e

al | been used. A general discussion of proteins including
cl assi fi cairdbivlayicalhéthods. Rhysical methods inchude heatlﬁghﬁeéémgeéﬁﬁhcatlon of

"Principles O Food Chem stry" 2nd Edition, Van Nostrand Rei nhol
New Yor kK, éﬂ\(@?
Di cti onary, p&ﬁﬂ%@ O%Buﬁgg'aﬁlegl_@ﬁpafrph?%sﬁe@ ﬁmﬁl@? i’b@?ﬁ]&werav'%%‘
477478, egch and ionization radla\%n Chgmhcna m&ﬁogs ‘xencl ge emplg%ng chemncal agents

10 such as solvents, pH adjusters, and salts. Bidlogical methods include the use of
proteolytic enzymes.

Protein denaturation brought about by heating, usually at 55° to 75°C,
conventionally requires the use of a solvent to, inter alia, avoid concomitant
decomposition of the polypeptide chain, and to preferably provide a dilute solution

15  to avoid intermolecular interactions of the denatured protein. Aqueous, non-

aqueous and aqueous-alcohol solutions have all been used.

A general discussion of proteins including classifications of proteins may be
found in John M. deMan, “Principles Of Food Chemistry” 2™ Edition, Van Nostrand
Reinhold, New York, NY, (1990) at pages 89 & ff, and Grant & Hackh’s Chemical

20 Dictionary, 5" Edition, McGraw-Hill, Inc., New York, NY (1987) pages 477-478, each

of which is incorporated herein by reference.
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PCT/ US97/ 17959 Chewi ng guns are traditionally conprised of a
wat er i NnSoWoI9BAsIsase portion and a water sol ubl e por tRCTUSHII12959
contains flavors and sweeteners. The base portion includes a gum
base part which includes a nmastj.cat subst ance whi.ch. I nparts the
chew char act er $BeWVINg g4ms t?é'gﬁﬁqqiétforﬁq&ympn 06% waiecinspiphle QPEE p(?éﬁ?rhes .
5 the rel ease profile of flavors, and sweeteners and plays a significant
rol e i n tand gowater solublgpedian whichccantains flavarsiardsuestenesspridig base he
sensory appeal aspects of the chewi ng gum Chew ng
gum basespartibrantiudes lad gum basei partrahich imcludes! & arasticatiry sabstaniceovhich

provi de the bounce or rubber character to the gum Elastoners are

vat er - | nsiﬂ{adégkyﬁhﬁl&ew cRalaMiBristicst6 the FifbHpAduct UTRedfun BasbaypicHiNP 8Efingdd

chicle, an etic polyners, such as styrene butadi ene

o7 hot ber e fRiraRelSRHlS b rorBanT eI R A s W arfeniipis e v,

nol ecul ar wei ght_to Iprovi de stretch or el,gsticit to the gum base.
Convent i opr@duct. The flaygrssand swegtaners Ripwids thasepsansa gspeptsseitbenni ch

are used as el astoner 15 solvents to soften the el astoner; waxes; fats

and/ or oi ¢tlsewimgguman act as pl asticizers; fillers and optionally,
anti oxi dants and enul sifiers. Conventional ingredients and
techni ques for the manufacture of chew ng guns are known such as
descri bed in Sugar Confectionery Manufacture, 2[err] Edition, E. B.
Jackson, edito . ' ] ' : :

20 pages 255nSHG B FES EorvehuichRlly BohRR matCER ed HialtbiiEtt witth

provide the bounce or rubber character to the gum. Elastomers are water-insoluble
10 polymers, both natural, such as natural rubbers and chicle, ahd synthetic polymers,
such as styrene butadiene copolymers, polyisobutylene, polyethylene and the like.
The elastomers are usually combined with polyvinyl acetates (PVAc) of varying
molecular weight to provide stretch. or elasticity to the gum base. Conventional
gums will also contain materials such as resins which are used as elastomer |
15 solvents to soften the elastomer; waxes; fats and/or oils which can act as

plasticizers; fillers and optionally, antioxidants and emulsifiers.

Conventional ingredients and techniques for the manufacture of chewing
gums are known such as described in Sugar Confectionery Manufacture, 2™ Edition,
E.B. Jackson, editor, Blackie Academic & Professional, Glasgow, NZ (1995), at

20 pages 259-286, incorporated herein by reference.
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PCT/ US97/ 17959 Conventional ingredients and techni ques for
t he manuf aowQ98/15189 confectionery conpositions such aspcrwsswrmsyl e,
nougats are disclosed in "Choice Confections”, Walter Ri chnond,

(154, i neor parertvantiplALoPiEhtarihd tpchmiads¥ Yof thé Aibutadittg of e "b: ot ol ne.

due to their general lack of flexibility, do not exhibit or mmnc )
pr oper t i esopfeciionenacempesitions SHEh @scfoy exampia; aavagatsarg disclesed in tChaice

extensibility and chewability. Denatured proteins have been used in
chewi ng ganfectioris’cWalter Richmondh@hapter 14, peige2b(y Mamifachaigd gums on a
sensory level with conventional guns. 10 For exanple, U. S. Patent No.

5,482, 722 (sl ' l i ith
@%gm@dw@hmd‘ﬁﬁﬁ%ﬁﬁﬂﬂ@MP _lﬁbd?ﬁéﬁht?d hgrlelrr]l B&ﬁfefél%?\c\% t

conf ecti onery ts i1n which proflamne is dissolve
al cohol /wat er solvent systemand a texturizing agent is added to forma
precipitate with the texturizing agent entrapped therein.

Wi | e such systens can be used tq for mé)rﬂiﬁei na%ceous,_rrat erials that can be
15 substitut NEINE PrNBISE R 10 thaikesneTs oo dlexipility, domet gxhibit or mimic
confectionery conpositions, such materials still do not effectively
convey t heropesiesafguny base or confectippery ingrediantsosuchaas eldsticity, extehsibility
conventional chew ng guns and confectionery product s. :

I't woul d tdiRf Ehéwabilily. Dehatiidd proteine hevedseerus & irfEhewingGUrRs ot fisk S4TS
and 20 confectionery products to provide such products wth
prot ei nacqiS, (i UIdardfein-based gums on a sensory level with conventional gums.
10 For example, U.S. Patent No. 5,482,722 discloses a proteinaceous chewable base
for use with confectionery products in which prolamine is dissolved in an

alcohol/water solvent system and a texturizing agent is added to form a precipitate

with the texturizing agent entrapped therein.

While such systems can be used to form proteinaceous materials that can be
15 substituted for elastomers conventionally used in gums and confectionery
combositions, such materials still do not effectively convey the same sensory
properties that are associated with conventional chewing gums and confectionery

products.

It would therefore be a significant advance in the art of developing gums and
20 confectionery products to provide such products with prdteinaceous materials as
defined herein and to endow such products with the same or similar sensory

characteristics as conventional gums and confectionery products.

-7-



defined herein and to endow such products with the same or sim/lar sensory
characteristics as conventional guns and confectionery products.
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PCT/ US97/ 17959 It would be a further advance in the art to

provi de protei | gl : | ril of ,one or
nor e i ngredi en!t ?@H?gﬁgﬁﬁ%mvaaﬁ%n Eihr%\g hw ppg%a%ﬁ$@$%%&ﬁ%‘%mt S
such as el astoners, PVAc, waxes and the like,. and yhich L can be used
' chew IR EEVE the eroRisles oRATE B BT INgradietinet Femvartions) oumes and . 5
more conventional ingredients. It would also be desirable to provide

chewi ng geerfectionery praductssvichbas elastomerspBVécs waxee @ndrthe likkec and avhicls

mat erials which provide the sensation of a traditional gum or

conf ect i oban benisedlintchewing Quasrartbcenfectiondryprbdaéts as substititad f6F 886 bgct
and/ or whi ch are bi odegradabl e. RYOF THE | NVENTI ON 1

SU
The Rrese ' ' 1S [ L CJ t gl Qus
mat eol al o e el ehféhalinalae, {vidiid it Bo BeSrabl BiitalidR dleibEdtis,
protein L. €. a protein conponent) and at |east one plastijcizer
(e pPadenfestiphenf plidiistS Bessd 81 Brolainatenys masetals wbnRroviatha  he
end product (plasticized protei naceous material) can be used for a
vari ety ofensatiiselsa iraditionabgumraanfedtionesy prasiuci,swhich cantbe eatemiikenfubd
confectionery conpositions. The present invention is also
di rect ed andtdigestednarid/onwhichpdrediiodegradable. pr ot ei naceous materials

fromthe blend. The blend is preferably heated under controll ed
shear conditions to produce a plasticized proteinaceous nmaterial which

SUMMARY OF THE INVENTION

. 10 The present invention is in part directed to plasticized proteinaceous
materials which are derived from the combination or.blend of at least one protein
(i.e. a protein compoﬁent) and at least one 'plasticizer (i.e. a plasticizer component)
which have been matched sé that the end product (plasticized proteinaceous
material) can be used for a variety of purposes and is especially suited for use in

15  gumsand confectionery compositions.

The present invention is also directed to the formation of plasticized
proteinaceous materials from the blend. The blend is preferably heated under
controlled shear conditions to produce a plasticized proteinaceous material which

can replace one or more conventional ingredients of chewing gums and

20 confectionery compositions such as elastomers, waxes, resins and polyvinyl acetate



can repl ace one or nore conventional ingredients of chewing guns and 20
confectionery conpositions such as el astoners, waxes, resins and pol yvinyl
acetate ~ WO98/15189 - 8- PCTNUSI7/17959
WD 98/ 15189

PCT/ US97/ o oM th

pr oduct ai‘;%%? wg\ge |n"?arr]t€ 'ﬁlﬁ&"w bkgpé"ﬁ%?g% kﬁ? pF@aqi‘Ht ggéﬁ%‘f g? "ﬁﬁl“gﬁ%éf‘%d agl e.
Mo f | | th t i t di ted, t, t

bl ast ; o1 7 @g0duct Sdible gnelor BiRBegANERIBer | al “compr i sed of at I east  one
protein (protein corrponent) and at 5 | east one pl astici zer

(plasticizer conmponent) wherein a solid state blend of the protein
and pl asticizer conponents is heated under controlled shear conditions at a

tenperature of MoreapduificalBOlres pieSent irientioniddireetddCin art toaplastumzed I'n
anot her aspect of the invention there is provided a net of producing a

bl end of u

form ng 2 g ee SHRERET bof téf’@g%@l%%tﬁ’.ﬁeeé@@m@@%?ﬁw arfPofienty'and at
sel ec rotei.n o mxture of rot rotein conponent) having a

[ e sol eattiany BasiizetipigRdasreayPEHE FuPRIoR 4 poiid stedp Blend of the

wher ei n [err]1 is the total solubility {)arameter val ue of the protein or .

m xture psotein and plasticizer conpronents is heated under controlled ql*aarpondxtidms ata

solubility paranmeter value contributed by the dispersive
temperature of from about 20°C to about 140°C.

in another aspect of the invention there is provided a method of producing a -
blend of a protein component and a plasticizer cohponent suitable for forming a
. 10 plasticized proteinaceous méterial comprising:
-a)-.  selecting a protein or mixture of proteins (protein component) having a

first solubility parameter defined by the Formula (1)

04*=0py” +0py*+0yy ®

wherein 9, is the total solubility parameter value of the protein or mixture
15 thereof,
Opy is the solubility parameter value contributed by the dispersive
forces of the p.rotein or mixture thereof,
Ogy is the solubility parameter value contributed by the polar forces of
the protein or mixture thereof,

20 By is the solubility parameter value contributed by hydrogen bonding

of the protein or mixture thereof,

-O.



forces of the protein or m xture thereof, [err] is the
solubility Wparameter val ue contri buted by the polar forces of

t he protei 8% ure thereof, 20 [err] is rdTRUSGATISY| ity
par anmet er val ue contributed by hydrogen bondi ng of the

DBOt ein or mxgure éélééﬁrga SSalasticizer or mixture of plasticizers (plasticizer component)

ol ast ci JETR gseepngsolybilty pHamelt dSfidioy il Pahdied ona <o ui 11 ¢ fy

paraneter defined by the Formula (I1) [err] wher ei n. [err] is
the total solubility pararreter V@hgoa 5.lhgs ptasticizer or mxture  5(H)

t her eof , %2 s ®he Mol ubility parameter val ue
contributed by the dispersi ve ' _ forces of the plasticizer
or m xture thereof, [err] is the solubility paraneter
val ue conieéreit.ed b& itshﬁel!@ﬂaﬁéolbbﬂny!pa@émeter value of the plasticizer &mixture

pl astici zer or mxturethereof 10 err? I's the solubility
par ter value co géyfted by hydrogen bondi ng forces
of the plasticizer or m %t ure thereof, wher ei n at Ieast one pair of

solubility paraneteg values [err] [err] and
6lerr] - 6[err] ar e i 1P It\h?is?%&flﬁ‘} p@g{me{g} P@L‘e cclntnbuted gy the dlsmrsave urt her
aspect of the invention, the selected blends of the protein 15.

conponent and pl astforcesef therplastisizeraonixtretthereddiove criteria may
optionally be subjected to a further screen wherein the free vol une
(FV) values of the §gliethesolubility parameter value contributed by the polar forces of
the plasticizer or mixture thereof,
10 Oz is the solubility parameter value contributed by hydrogen bonding
forces of the plasticizer or mixture thereof,

wherein at least one pair of solubility parameter values &, - 8,, 8, - 8pj, Jp, - 5p, and

Oy - O, are within 15% of each other.

In a further aspect of the invention, the selected blends of the protein
15  component and plasticizer component meeting the above criteria may optionally be
subjected to a further screen wherein the free volume (FV) values of the selected

blends are determined in accordance with the following Formula (lif)

FV=0.025+a(T-Tg,)+a,(T-Tg,) (1)

wherein a, is the coefficient of thermal expansion of the plasticizer or mixture

20 thereof,

-10-



bl ends are determ ned in accordance with the followng Fornula (111)

[err] wher ei n [err] is the coefficient of thermal expansion of
the plasti HOBWIYBI i xture 20 ' t her eof , PCT/US97/17959
-10- WD 98/15189

expansi on of the protein or m xture

Tg[err] is the gl assthéfémsition tenperature of the plasticizer or mxture
t her eof 5 ' Tg[err] is the glass transition tenperature
of the protein or m_xtur ... t her eof ; and .

Tis a reference ter&r'ﬁ?’ﬁ? glass transition temperature,ef thewlasticizeror mixture

t enper at ur e. ' Generally the higher the free volune of the
bl end, the nore suitthereoft he bl end 10 is for formng a plasticized
prot ei naceous material of the present invention. In
accosdance with anot’lfg;risah@g!éssafaﬁéiﬁomtaﬁﬁafatdmé/@ﬂhbcb?otémGz'rfhﬁi&tt}réansi tion
tenperature or range of tenperatures for the plasticized protel naceous
material is thetsHt S8g and the relative amounts of the protein and
pl astici zer conponents are determ ned therefromin accordance with

PCT/ US97/ 17959 a, is the coefficient of(tAéFrhall éxpaMRiciPef Méﬁl?hiﬁin‘ﬁrfﬁ&%@'
er eor,

the foll ow F la. (I
€ roliowng rorm 'Iaxs(a \r/&ference temperature, typically ambient or the end use

temperature.

Generally the higher the free volume of the blend, the more suitable the blend

10 is for forming a plasticized proteinaceous material of the present invention.

In-accordance with another aspect of the present invention, a glass transition
temperature or range of temperatures for the plasticized proteinaceous material is
selected and the relative amounts of the prctéin and plasticizer components are

determined therefrom in accordance with the following Formula (V)
15 % v (1 - |
: Tgm,x=-&—-.vd.(ng -Tg,)+Tg, (V)
P .

wherein Qg O Tgy and Tg, are as defined above;
Tomi is the glass transition temperatur_e of the plasticized
proteinaceous material; and

V, is the volume fraction of the plasticizer.

-11-



[err] wherein [err]d, [err]p, Tg[err], and Tg[err] are as

defi ned above; T[err] is the glass transition
t enper at ur V@ P3/15189 pl asti ci zed pr ot ei naceewaIsIYRi7E9 al ;
and Vd is the volume fraction of the plasticizer.

PCr/ Uss ) BEFAJLED DESCRIETION OF THEINVENEION: 11 | nvenT! ON

In general, the present invention is directed to the formati on of
pl asti ci zed prot ei naceous materials wherein a plasticizer or
m xture thereof (plasticizer conponent) is dispersed wthin a

matrix of at | dagenerad, thegiresentipventiom iscdinpctedto)the formationSochtaghsiged al s
possess properties which are particularly suited for a variety of uses,

i ncl udi ng Fbtbld%%bohs 'Fhétéﬂals%ﬁéreﬁ‘ﬂ ;5]9& Hé‘("rﬁi)&ufé)fﬁé?ééﬁ(k)%lclzer

The successfu formation of a plasticized protel naceous erra

el actton Wp"neﬁﬁ% diarthd W@% rlii B iSast dr e ool Sireenern

t hereof a rﬂﬁl ast|cizer or m xture thereof as determ ned by a
vari abl e %&F@ algrials pRssass %P%ﬁsuwcwra@@cr@@ulaﬂy suited feria yprietynafl Uises;, he
free volune of the blend as described hereinafter. The _

r esul t i ngingludiog but nbt limitedegums anebeenfectionernyroompasitions.zer conponent
is then processed, preferably under heating and under controlled shear
condi tions, '

The successful formation of a plasticized proteinaceous material in
accordance with the present invention depends first upon the proper'selection of
one or more blends comprising a brotein or mixture thereof and a plasticizer or

- 10 mixture thereof as determined by a variable referred to as the solubility parameter

and optionally the free volume of the blend as described hereinafter.

The resulting blend of the protein compbnent and the plasticizer component
is then processed, preferably under heating and under controlled shear conditions,
to provide a plasticized proteinaceous material which can replace one or more of the

15 | conventional ingred'ients in chewing gums and confectionery products as well as
make such products edible and/or biodegradable. In particular, the plasticized
proteinaceous material possesses the characteristics of a polymer (including tensile
strength, deformability, elasticity and hardness).

o] accordance_ with-aw._e“ﬁresent invention, the preferred process denatures the

20 protein component in a melt state, i.e., a proteih component in the form of a viscous

-12-



to provide a plasticized protei naceous material which can replace one or

more of the 15 conventional ingredients in chewi ng guns and
conf ecti onWO/98ast8%uct s as wel | as make such product SPEHUS78795%d/ or
bi odegradable. In particular, the plasticized pr ot ei naceous

mat eri al possesses the. | Sid . - ' '

str engt h, IR0 B SrAcycaDly 3 Process CoririsesleliBing dhderbatrdieiingar
accordance with the present invention, the preferre rocess denatures the
20" ot canditions therblenciat the REReIn Satngongntard e, pielFRet tin the
formof a viscous -12-

WO 98/ 15 1iferably in the solid state prior to processing, such that upon cooling, the

PCT/ US97/ 17959 liquid. More specifically the process conprises the

heat i ng %@gc&eﬂbbmbbﬁénﬁb@@imes entrapped Withire aderiz@uidldametrid of the protdiai n

conponent” and the plasticizer conponent preferably in the solid

statg pri cessing, such that upon cooling, the pl astici zer
conp nentg%gbgﬂgéeentrapped within a denatured matri x of the protein 5

conponent . Melting, or fusing, is a termgenerally used to
descri be the transformation of materials fromthe solid to liquid
phase by the application of heat. Material that i melts has flow and -
processi bi | i t yMeling,orffusing, id 2 lermaenerally isedytatdescribe jbe Jransiormation of
proteins generally do not nmelt or flow upon heating. They usual |y deconpose

10 bef aifefidie fiches 8blid &5 linsidgtrmse\byt iherapplication off teat.c Matbdal that hed.
Pl asti ci zers are substances which are usually added to pol yneric

LT AAAGA st oy s o e R,

heating a hereby increase t Ity or K

Component Pgtie-0grsaty AossietAf oW s testing: Simeledl B8harbost .. o

OCCUIE)S before the temperatures necessary to meit a protein can be reached. Plasticizers
are substances which are usually added to polymeric materials to provide a blended |
material-which will flow upon heating and thereby increase the workability or
flexibility of the polymer. It has now been found that heating a blend of a plasticizer
component with a pfotein component in the solid state to the melt state occurs

15 without concomitant decomposition of the protein component and with concomitant

denaturation of the protein component.

In accordance with the present invention, the matching of a suitable protein
or mixture thereof and plasticizer or mixture thereof to form a blend for the formation
of the plasticized proteinaceous material is important in achieving desirable
20 properties of any product employing the same. It is the matching of the protein
component and plasticiier combonent and the manner of obtaining the desired

blend of these materials that provides a significant aspect of the present invention.

-13-



15 Wi t hout concom tant deconposition of the protein conponent and with

concomi t ant - denaturation of the protein conponent.
| n accor daM®98/i5189 t he present invention, the nmatching of apoTNOSIhILTSY
protein or mxture thereof and plasticizer or mxture thereof to

forma bl I | OR: : I L £l t el naceoys
matoral U bBrideFetot e £ Sinale proteinr il Arbiss el L BORRTRG"
product enpl oyi.ng the sanme. It.is the matching of th rotein
corrponent"r‘;gﬁ@y ﬂ?&'&é]t??%?erc‘?frfﬁ ﬁ@%%ﬁ?fi%rﬁgﬂ?@m Bﬁblg%&a?ﬁf e sake aksi r ed
bl end of these materials that provides a significant aspect of the present
i nvent i onconvenience only, reference hereinafter may be made to a blend formaa-from a

WO 98/ 15189

PCT/ US97/ singfePprotein and a sinyle pldsticizeger st ood that a single protein or

m xture of proteins may be conbined with a single plasticizer or

m xture of plasticizers to forma blend. For the sake of

conveni ence only, reference hereinafter may be nade to a blend formed from

a sin rptein and a sinal | asticizer. ) . The
sel e?tion of %ﬁ%gﬁgﬁgnrﬂ?&%’ﬁ%ﬁ 8Fﬂei§ﬁﬁrénpq?f'@?§b?r%fl"flﬁﬂgﬁﬁﬁg N Rage? on

t he nol ecul ar - wei %r}t of the protein and its processability within the range
of theyapiesuiar waigheithequotein and dtsipspressability withir thentangeoaiuct (e. g.
guns and . confectionery conpositions). Typical processing

t enper at uteaspdraturés desingd foretiverfgrmation of thewerd prodiueh (6.gcyimseing
conpositions are within the range of fromabout 20 to 10 120[err]C. A

sui t abl e @grifeslichery cRhifosIBHEIL Topical PFRERSHgBMpE ' ]
m xi ng equi pnent irgcl tbjcﬁijibng[&é‘??r Hggr S, BbI endzirgs gﬁ%‘rt géfﬁfga%%aéhewmg
gums and confectionery compositions are within the range of from about 20 to
10 120°C. A suitable protein is also amenable to processing using conventional

mixing equipment including extruders, blenders and the like.

The molecular weight of the protein must be sufficiently high so that the
protein is classified as a polymer. Molecular weights of at least about 5,000,

preferably at least about 10,000 are suitable.

15 The protéin selected for the formation of the plasticized proteinaceous
material must be matched with a suitable plasticizer. Heretofore the combining of
proteins and plasticizers was réndom and only by trial and error often leading to |
blends which did not impart desirable properties to the end product. In accordance
with one aspect of the present invention, the combining of protein and plasticizer is

20  accomplished in part by matching the solubility parameters of the protein component
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The nol ecul ar wei ght of the protein nust be sufficiently high so that the
pfotein is classified as a polyner. .Ml ecul ar weights of at |east about
5, 000, WO 98/1118% er abl y at | east about 10, 000 are suit abl ePCTUSYH17959
The protein selected for the formation of the plasticized protei naceous

Cerial ; ) : . _ M ¢ ) '
Conbi ny ng P piaSidZer dhfipdhert iuiH o dchifedtdtiid Gd SmpiGihG' I iiosd's 1,
and error often | eadi to bl ends which did not inpart desirable

pr opertiem'?ﬂ!?r@n‘ﬂngih(ﬁfﬁﬁk?sqmr% dance with one aspect of the

present invention, the conbining of protein and plasticizer is 20
acconplished in part by matching the solubility paranmeters of the protein

conponent -14-
WO 98/ 15189  The matching of a suitable protein component with a plasticizer component
PCT/ US97/ 17959 and pl asticizer conmponent within a desired range and

enployi ng tﬂ@ﬂ&?ﬁe;%qdasbffrgt ofi SBRs YN "tﬁe‘@&itlﬂ%]\llli@[ﬁgﬁéﬁ%{%’oﬂt@é?ﬁ%m

The matching o protern coffponen component

et O SRSy e S B R 5950k RS S e

by their relative . cohesive properties. The solubility parameter of
vari ous mohesiveprapertias. Kb selubility parameter @f ivaripug materigisnand sethods of n
the art as disclosed, for exanple, in D.W Van Krevel en El sevi er

" Proper t i eaiclatitey theesarhe (8 RA6Wn in ithe aplcasidisdidsedefor dxanpié ineD O, Van
The solubility parameter for a conpound (e.g. a protein) is the sumof the

10 sol yhplbieh BIREWEPPropEiies sf PBIYdrau} RIb0)Y irfdoPhsiafdd/ Refeih By Teferencs.
hydr ogen bondi ng .
The solubility parameter for a compound (e.g. a protein) is the sum of the
10 solubility parameter valués contributed by dispersive forces, hydrogen bonding
forces and polar forces. In accordance with the present invention, a protein will
dissolve in a plasticizer or be plasticized if _either the total solubility parameter (3) or
one or more of said disperse forces (8;), polar forces (3,), and hydrogen bonding
forces (5,,) for each of the protein and plasticizer are similar. In particular,
15  applicants have determined that if any one or more of the above solubility parameter
values fo'r a protein and plasticizer or respective mixtures thereof are within 15% of
each, preferably 10%, the protein component and the plasticizer component may

present a potential blend suitable for making the plasticized proteinaceous material.

More specifically in accordance with the present invention, the solubility
20 parameter of a selected protein or mixture of proteins is determined in accordance

with the following Formuila |
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forces and polar forces. In accordance with the present invention, a
protein wll dissolve in a plasticizer or be plasticized if either
the total woesMshss y paraneter.([err]) or one or NDIECYAISTANTSES

di sperse forces ([err]), polar forces ([err]p), and hydrogen bondi ng
forces ([err]H) for each of the protein and plasticizer are simlar. In
particular, 15 appl i cant s hadg=0gi{°edgj*nd(,* hat if any one or nore o
t he above solubility paraneter val ues for a protein and plasticizer
or respective mxtures thereof are within 15% of each, preferably
10% the protein conmponent and the plasticizer conponent may _
present awheteint i al Spisctine total isetubility paramieteryvalue op thespratéinaat mixturei naceous

mat eri al . . More specifically in accordance with the present
i nvention, the sol uiHdrebfy 20 . paraneter of a selected protein or mXxture
of proteins is determ ned in accordance with the follow ng Fornul a

98/ 15189 Op, is the solubility parameter value contnbu}éwr'j5 B&tr/\%gbsﬁe{%gg
[err

whereLn rrll.is the, {ot sol.ubi lity paraneter val ue of
t he %rotei n or m xtthEes 0&%3 Lr_oteln ormi urefthgpeé)&;
[err]Dl is the solubili t¥| paraneter val ue contri buted b% t he di spersive 5.
forces of the proteBp isrtheisolubilityipasrameter value contributed by the pplarfpreesft he
solubility paranmeter value contributed by the polar forces of :
the protein or m xt theeptdteinesif mixturé thereof; and [err]HL is the
solubility paraneter value contributed by hydrogen bondi ng
forces of the protegh Qth&soiibifitygKiaRidter value contributed by hydrogen bonding

forces of the protein or mixture thereof.

.10 . The solubility parameter of a proposed plasticizer or mixture of plasticizers

suitable for forming a solid state blend is determined by the following Formula i

5,=0p;" +0py" +0y5° an

wherein d, is the total solubi_lity parameter value of the plasticizer or mixture
thereof,
15 Op, is the solubility parameter value contributed by the dispersive
forces of the plasticizer or mixture thereof;
Op, is the solubility parameter value contributed by the polar forces of
the plasticizer or mixture thereof; and
3y, is the solubility parameter value contributed by hydrogen bonding

20 forces of the plasticizer or mixture thereof;
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10 The solubility paraneter of a proposed plasticizer or m xture

of plasticizers suitable for formng a solid state blend is

det er m nedWO9¥1538% o| | owi ng Fornul.a 11| [err] wher ECEMUSIT/EWSY s
the total sol ubi lity paraneter value of the plasticizer or mxture

thereof, 15 n pgeopdance With frie?piesen verttiohiit f leafh %Yéﬂd’&ﬁn? pairs
contrlbuted by t he di spersive forces e plasticlzer -
or mxture_,th [erg] &s the b|| ty_ paranet

val ue conPfFBE’E’ggyWr?mgt%&a&'esf Bt e O - 502' 6"1 3 S,%B 15 @p g@'ﬂ ﬁ%‘er
or m xture thereof; and rr] is the solublllt

par amet er of gBob offen, pr@fer@lalywthwdpdgeﬁeegmﬁw then the protein and p?éaigirzgés

of the plasticizer or mxture thereof;

- 16- components/breddnt allllend that is a suitable candidate for formmg a plasticized

PCT/ US97/ 17959 I n accordance with the present invention if
gast F;P&eﬂadé&%sfrﬁédé?m Wadsdrdance with the%regehvmvbhh&snpar ameter val ues

[err]l - lerr] [err]Dl - [err]D2,[err]Pl - [err]P2. and [err]Hl - [err]H2

are within 15% of each other, preferably within 10% of each ot her,

then the protein and plasticizer conponents present a bl end that i s

a suitable candidate for formn a,@gl asti ci iﬁﬁ pr ot ei naceous
material in acdd@dRneferred form H@ﬂ'ﬁr Rlion g ﬁté’ﬁ‘e of the pairs of solubility | 5
preferred formof the invention at |east one of the pairs of solubility

par anet er parameterivalues Is withicd % of adchomther.. Itlis aiso pieferred datrthedlehdoft he
bl end of the protein conponent and the plasticizer conponent have
simlar [ enéprotelir'esmpbAEAT and the plasticizer component have similar 5 values and/or
Op values, especially when the selected protein includes zein and/or gliadin. Most
10 preferred are protein-plasticizer blends having 6 and 5, values within 15%, most
preferably 10% of each other.

The total solubility parameter values (8) and the component forces thereof

(5p, Op and &) for exemplary proteins and plasticizers are shown in Table 1.
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[err] D val ues, especially when the selected protein includes zein and/or
ghiadin. Mst 10 preferred are protein-plasticizer blends having [err]
and [err] DWQP8/Bd8%i t hi n 15% nost ~preferably 10% of PERAISIT1IT959 .
The total solubility parameter values ([err]) and the conmponent forces

t her eof ([err]D, [err]p and [ gupldY for exenplary proteins and

pl asticizers are shown in Table 1. WO 98/15189
PCT/ US97/, ﬁ;@& +a
Protei n (Pproters(P)plasticizér |{5* [err] [bao [ ef &) 5, lerr]H
(J/cmerr])[err] (J/cmerf])[err] Jicmerr])[prr] (Jd/qmierr])[er
ZEIN (P 22 305 14. 3105 0S5

Gl ADI( N) (B~ 22 EJ/cm ) 36 (%%2%1 ) ﬁcﬁ (Jiiciii?'i

T va

Met hanol | ZEIN (P) 29. 2 2922.5 15. 216.402 1506 142483
Et hanol 26—pP6—5—

58 95
1- Pr opanoj GLIADIN (P) 24.4 124.226 15.9 16.302 398 1714166
| sopropyl [atconot 23,6 5.8 ) 164
( 2- PopanpMethanol | soputyl bl 8B8q129.7 152> 9 123 15)p 223
T 16 Pheno 2411 18
9 Ethanplg propy12812281% ¢ 158 9|3 88 16185
4

1%¥rppapol (12| pompansdls®ll) | 159, BU)Y o8l Yoy 47

15 . but.adedi ol
ycerol ||sopropyl alcohol33.8 143.236 11.3 158 12,41 29634
(1, 2, 3- Jropanetrl ol) Form c aci{d 25 14. 3 -

15. 3 1 16. 6 Acetic 4gcid . 18.8 - 31.4 14.5
(Q—Propanon,,q 5 20 _But \]/L'ch cid 18 8 - 123 1 14

-16.1 fsobutyl aicohol  10. 6 229\Watqr 152 57 47.9 -4844
12.3 -14. 34— 32 Herr2—=tfetri-Berr—fe

+ [err] H e¢Phenol A$ sh@in Tabl e 18 thegrotﬁ@ns zdin 344
gliadin h 1T and—§Z2- 6y, respgctTvery—n

addi ti on, | Prepylene @lycoler r1pland 308r] H jval ud8Sare hi so 9énmilarl 23.

Iahl o
ot

=

]

Ao b
l—wo

(1,2-propanediol)

Butylene Glycol 29 16.6 10 21.5
15 (1,3-butanediol)
Glycerol 33.8-43.2 17.3 12.1 29.3

(1, 2, 3-propanetriol)

Formic acid 25 14.3-15.3 11.9 16.6
Acetic acid 18.8-21.4 14.5-16.6 8 13.5
20 Butyric acid 18.8 -23.1 14.9-16.3 4.1 10.6
Water 47.9 - 48.1 12.3-14.3 31.3 34.2

*62 = 602 + 6P2 + 6H2
As shown in Table 1, the proteins zein and gliadin have similar  values (22.5
and 22.6), respectively. In addition, the &p, & and &, values are also similar.

25 Plasticizers which exhibit similar solubility parameter values to zein and gliadin are

isopropy! alcohol and isobutyl alcohol. Blends of zein and/or gliadin and isopropyl

-18-



25 Pl asticizers which exhibit simlar solubility paraneter values to
zein and gliadin are | sopropyl al cohol and isobutyl al cohol. Blends
of zein anWQPHIhdi n and i sopropyl WO 98/ 151 8BCT/US97/17959
PCT/ US97/ 17959 al cohol and/or isobutyl alcohol (i.e. having

sol ubi I'i té{; %@Bﬁ}rergt?b{? Paifohbi gect R g solubility Opar%?:’féieP%ﬁ%s vnfrﬁws%?by

within 10 be ex ed I'n accordance

present inve n to V|de Lelezel bl ends ich ar

Suitabl e £eh other, prefergivafttia hfw Ligheferde bf <xPERaIncksRidantichn e
of the present i nvention. O her candi dates for the formation of

bl ends of présentiavention Mwndmpmnﬂdad&lwrﬁlﬁads which are mosj suitablefor

manner . In an optional although preferred practice of the

present i tyeforationof plasticized proteirzoeods matkrials of thegireséntdnavdhtion.eOthemnds
are screened by conparing the respective solubility paraneter

val ugs, (?fiss Rfr%éqgrrﬁdtlmaﬁbléﬁﬁbflﬂ tﬁé‘ﬁgééé?ﬁ iR ﬁ%bé‘aetemﬁﬁ&& in

candl date Free volu I s the space between

nmol ecul es VO i ncreases with i ncreased nol ecul ar notion.
Accor di ngli/snﬁéd‘%#ﬁort I onate amount of free vol une I s associ at ed
chain end groups in a polyner system | ncreasing the
concentration of chain end groups, i.e. decreasing the 15 nmol ecul ar

wei ght, therefore increases the free volunme. The addition of flexible side

chai ns i nt o nadnamobptienal although fpreferfad-prasties of the present invemtionAluitable
these effects - can be used for internal plasticization, and the free

vol ume i s pigidd, afler o fistest ddhi:lhiate blends aredstir8ehéd bpeomiatmq]the%g pttive
However, the addition of a small nolecule affects free vol une

of Targe rRGLIHY ;?é‘raha%ie%azaai_ SR BL RBerind By U8 erflg th8%ree volume of

10 each candidate blend.

Free volume is the space between molecules. Free volume increases with
increased molecular motion. Accordingly, a disproportionate amount of free volume

is associated chain end groups in a polymer system. |

Increasind the concentration of chain end groups, i.e. decreasing the
15 molecular weight, therefore increases the free volume. The addition of flexible side
chains into macromolecules therefore increases the free volume. All of these effects
can be used for internal plasticization, and the free volume is spatially fixed with
regard to the polymer molecule. However, the addition of a small molecule affects
the free volume of large macromolecules at any location by the amount of the
20 material added, which is known as external plasticization. The size and shape of

the molecule that is added and the nature of its atoms and groups of atoms (i.e.
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20 mat eri al added, which is known as external plasticization. The size

and shape of the nolecule that is added and the nature of its atons
and groups WOSASIRE (i.e. PCT/US97/17959
-19- WD 98/ 5189

PCT/ US97/ ) iPbSHdi ANFGERIED ' . d
dense or Ijnlz%ﬁ? larde:%oé?rmhxgﬂﬁ%w |?{dmawrw°¥'unct§ons 8};9@?{33’% F%:inz'ﬁghwﬁﬂ

The normal, effect of increasing the free volume of a polyner is that it is
pl ast i ci zdyngtons ag H@SBF%?E transition tenperature is |ower, the nmodul us

and tensile 5 strength decreases, and the el ongation and i npact
strength increases). However, _ the freedom of novenent afforded by
the plasticizer also permts the pol yner nol ecules, if it is their

nature to do soThe normalaffett of Incesdsing the free ¥olumeé lofia polymer is thatitis I N
general, free volume is based on the principle that a sultable plasticizer

[ 0255 HARIAERRNP NS (IRIRS(IGRratiel PRSATE d R 568 DA™, ©
eX 1% ! gt goBldkibe ChAd e Bondot gl FRef BRI heasdd). Aol

Thus, in addition to the selection of suitable protein and tﬁl astici zer
t

candi dat edhefreedepnet mgvement affordeday thedplasticigenalso permitsithe polymern of
such 15 candi dates is governed by the following Fornula II11. -
(rer) molecules, if it is their nature to do so, to associate tightly with each other.

In general, free volume is based on the principle that a suitable plasticizer
increases the free volume of the protein. An increase in the free volume of the
.10 protein increases the mobility of the protein and therefore the extent of
plasticization. Thus, if more plasticization is desired, the amount of the plasticizer

can be increased.

Thus, in addition to the selection of suitable protein and plasticizer

candidates by comparing solubility parameter values, a further screen of such

15 candidates is governed by the following Formula il
FV=0.025+ord(T~ng)+o:p(T—Tgp) ()

wherein FV is the free volume of the blend:;

Q,, is the coefficient of thermal expansion of the protein;
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wher ei n FV is the free volune of the bl end; ap is
t:the coefficient of thernmal expansion of the protein;

- 20- - WO 98/151890 98/ 15189 PCT/US97/17959
PCT/ US97/ 17959 ad is the coefficient of the thermnal
expansi on of the plasji.cizer; . T is.the reference
Comperature; typi cal Py 18105 BRETEIRRLof the el grpansion B e plestigizel ® g
t enper at ur e; Tg[err] is the glass transition
tenmperature of the pTasthe referencetemperature; typically ambientétipératire dhénd
glass transition tenperature of the protein. Thus, the

coefficient of ther rrpge@éggpﬁgt%. of the protein conponent and the
pl asti ci zer conponent an elr respective glass transition tenperatures

det er mi ne the free vglu and therefore the.degrege .of

pl asti ci zation of t hi‘gbfseﬁ\g_gclgﬁgFrﬁgg{t%onQem%eratga%ggtq%gl@ﬁﬁmgﬁgﬁr};b gum and
confectionery art, for a given protein and m xture_ 10 t hereof, the

hi ghef the free vol ulg, ifftherglass trapsitiondemperatyre ehtheprateinpl asti ci zer.
Thus, for a given protein conponent the nost effective plasticizer
conponent will be the one that provides the blend with the | argest
free vol une val ue. The free vol une of bl ends conprising

the protein zei fhg8dndetficient of thermal &dnsicr ot profliEomibordit Gntt the
plasticizer component and their respective glass transition temperatures determine
~ the free volume and therefore the degree of plasticization of the blend. For most
cases in the chewing gum _and confectionery art, for a given protein and mixture
10 thereof, the higher the free vélume of the blend, the more suitable the plasticizer;
Thus, for a-given protein component the most effective plasticizer component will be

the one that provides the blend with the largest free volume value.

The free volume of blends comprising the protein zein and various

plasticizers is shown in Table 2.
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WD 98/ 15189

RCT/ US97/ 17959

Table 2

Protei n (P)WO98/1518%ef f. Ther mal d ass Free Vol ume PET/MUSY7/17959

Pl astici zer Expansi on Transition Blend Wth Zein

10[err] [Klerr]] Tenper ature T%g@2

Tg ([err] © ZEIN (P) 0. 290 82 5

G_YCER| N 4[\. QQ‘I 1 F. Q105

E_R%ENE Prc;tD:ér; lHYEEil 7 Coeff. Thermal o 623 Glass Q:@éi\fi%l,ume of
Expansion : Transition Blend W/ i

0. 0201 Plaste ool 1 183 [K"] HAPAOLTe erature h ﬁ%étzgem

-116 0. 0473 shown ?Eﬂ[ 5 tlhe cohbrhatio

of ethanoll_and zein pl‘()\Li deslt he hi nhP | und value of the

pot enti al |candi hown tlherein.g eral | W, the Hi gher the freg

vol une, t 2L of d“%@“:z&tmn of E,l Frat-g——ark-s—

const5 tutilng tI‘GLVOERIN Accol d| ngl y0.28he free vol umqscan be enpoOEh as @

tool in bU‘llpUIICII‘"F Hot—a—pt eset "UL\.,‘l

protein of nmi xPROPYLENE t hehr eof . 0.277 ©fce a (ot en0iG82MlI end

of a prot ¢i n corviCL and ajpl asticizer conponent has been

i denti fi e¢—by—Tom d.rl My te ESPeTtI Ve SOt u@mw

protein cd rrpcPr(HnY pl st i ci Z8813onmpondnt al ol@ or ofdti onBIO201 he

free GLYCOL

10 ETHANOL 0.275 -116 0.0473

As shown in Table 2, the combination of ethanol and zein provides the
highest free volume value of the potential candidates shown therein. Generally, the
higher the free volume, the better the degree of plasticization of the materials
constituting the blend. Accordingly, the free volume can be employed as a tool in

15 selecting a desirable plasticizer component for a preselected protein or mixture
thereof.

Once a potential blend of a protein component and a plasticizer component
has been identified by comparing the respective solubility parameter values of the
protein component and the plasticizer component alone or optionally the free

20 volume of the blend as discussed above, the glass transition temperature of the end

produci (plasticized proteinaceous material) must be considered. For example, for

chewing gums and confectionery compositions a suitable glass transition
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20 vol une of the blend as di scussed above, the glass transition
t-énperature of the end product (plasticized proteinaceous materi al)
must be coNEQ IS8 For exanple, for chewi ng guns an®@CFOISIBBTISBnery
conpositions a suitable glass transition

- 22- temperature\6y 8% pfablifized proteinaceous material is in the range of, for
PCT/ US97/ 17959 tenperature for the plasticized proteinhaceous

mat eri al hi?l@p’%ﬁl%&sgg,ggr gg,tohgrac. exanpl e, from about 35 to 45] érr] C. |

The deter ass transition tenperature for the plasticized
prot ei naceous material (T[err]) is made in accordance with the foll ow ng
Formula (1V) [err] wherein J[err]d, [err]p, Tg[err], and
Tg[err] are as previously defined; and Vd is the volune
fraction of thdheldetermination of a glass transition tempergturefor thenplastioized
tenperature of the plasticized protei naceous materi al therefore is

det er ni negrdtgiriateolsimatefibl (TG, YieTnads iryacesrdahteivith thedfollbWiidFbrmiia (Iv)
expansi on, the volune fraction of the plasticizer conponent and the

di fference bet ween the respective glass transition tenperatures of
the plasticizer conponent and the protein conponent. Generally, the
glass transition tenperature of theg pl astici zed protei naceous

mat ePi al can be increased by S'E\gLnge{—iﬂMd.ﬁl'gy-a'gp)-eTgper conponent (V)
having a relatively high coefficiefp of thermal expansion and/or a higher

wherein oy, o, Tg, and Tg, are as previously defined; and

V, is the volume fraction of the plasticizer.

The glass transition temperature of the plasticized proteinaceous material

therefofe is determined by the ratio of the respective coefficients of thermal

10 expansion, the volumé fraction of the plasticizer component and the difference
between the respective glass transition te}nperatures of the plasticizer component
and the protein component. Generally, the glass transition temperature of the
plasticized proteinaceous material can be'increased by selecting a plasticizer
component having a relatively high coefficient of thermal expansion and/or a higher

15 glass transition temperature. |f a_lower glass transition temperature of the
plasticized proteinaceous material is desired, it is appropriate to select a protein
having a relatively high coefficient of thermal expansion and/or a lower glass

transition temperature.
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15 glass transition tenperature. If a lower glass transition tenperature

of the pl asticized proteinaceous material is desired, it is
appropri at wQe/s5t8%ct a protein havi ng a rel ati vel y PCIIIS97/17959
coefficient of therrmal expansion and/or a |ower glass transition

t enper at ur e. . . . . .23
WO 98/ 15189 The effect of a change in the volume fraction of the plastlcgﬁpﬂééé /gia}ﬁ%g

The effect of chan in t fract on of the cizer on.th
Tese ! “lransitiopienpirature b hePlaeitsp Hrateifardious mafbrie ik qiven Rend of
materials for a given blend of ﬁbﬁamel n and plasticizer is shown in
Tabl es 3 pralein andplesticizer is sBown i iTabiess end 4 whereletze}n tsn@orgbmd witimd

et hanol in varying anmobunts. 5 Tabl e
3 ethylene glycaEéhH ethanol in varyifg Eifidunts. GL YCOL Tg (ppm*
Vol ume Fraction Vol une Fract’i on Deg C
0.9 0.1 39.7 0.8
0.2 ° 33.5 10 Table3 , - 0.3
27.2 0—6 0—4 20-9
0.5 ZEIN 0.5 | ETHYLENE GLYCQM. § Tg(ppm)* 0. 4
(23 f15 15 Volume Fract|8n4 Volume Fraction3 Deg C 0. ,
01 09 0.9 | 0.1 “10f5 8@/7ast i ci zed
pr ot ei nacfpous—TRtET T af
0.8 0.2 33.5
10 0.7 0.3 27.2
0.6 - 04 20.9
0.5 0.5 14.6
04 ' 06 84
0.3 0.7 21
15 - 0.2 o o 0.8 | | 42
0.1 | .09 -10.5

*plasticized proteinaceous material
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PCT/ US97/ 17 Tabl e 4
ZEIN WO sar15189 ETHANOL Tg (ppm*  PCT/US97/17959
Vol une Fraction Vol une Fraction Deg C
0.9 0.1 Table 4 30.6 5
0.8 0.2 15 2
0.7 03 —2
0.6 ZEIN 0.4 ETHANOL - 1=. 5 Tg (ppm)*
0.5 Volume Fractiof. 5 Volume Fraction - 30.|9 Deg C
0.4 U. © —Ag—3—416
0.3 08 0.7 0.1 -61.7 30.6
0.2 5 0.8 0.8 -71. I
0.1 ' 0.9 -93.5 152l asti ci zq
pr ot ei nacepus mat eri gown In Tajl es 3 and_4, as tne
anmnount of he n| astic¢lzer increfhses r’-)l"ld the vollune of th@-zpr otein
decr eases, the gI asgransitionftenperat ugq of the bllend decr easeqy.
Thus, the prass—t+eanrstor—t+erpprate—o+f Lg¢ized pr 0?§I naceous
material cpn be nodidsed by aJt=r|ng the mglatlve amhnus of 4@ protein
and prastT il zer T accufdarmce—wtir—For-r-e—-
The proteijns suitabl04for use ih the pres@Bt inventi@n may be4@my syntheti
38 nat ur al pro§e| N such RS any planL _or am mer%ﬁu otermant—rey—be
mate sol upl e or water iphsol uble. e proteinjmy be eBkymatically
modi fi ed, jchemi call b.fDdl fied o 0.8 77 1
0.1 0.9 925
*plasticized proteinaceous material
As shown in Tables 3 and 4, as the amount of the plasticizer increases and
15 the volume of the protein decreases, the glass transition temperature of the blend
decreases. Thus, the glass transition temperature of the plasticized proteinaceous
material can be modified by altering the relative amounts of the protein and
plasticizer in accordance with Formula (1V).
The proteins suitable for use in the present invention may be any synthetic or
20 natural protein such as any plant or animal protein and may be water soluble or

water insoluble. The protein may be enzymatically modified, chemically modified or

the product of genetic engineering technology. The protein may be substantially

pure or may be a part of a mixture such as in a grain fraction. It will be understood

that when grain fractions are employed, the glass transition temperature of one

225.
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t he product of genetic engineering technol ogy. The protein nay be
substantially pure or may be a part of a m xture such as in a grain
fracti on. WMOW1S18%e under st ood t hat when grain fractRCGRESIINZISI
enpl oyed, the glass transition tenperature of one

- 25- ) . e
bet Usa7, batstymey difériforaHdther and this may affect the splubility parameter values |

the sol ubili aranmeter val ues and/ or the glass transition
t enper at uagd%éﬁ?%g?ass transition ?emperaturﬁhtgefﬁcg{ ein may be selected from but

not limted to: grain proteins such as corn, wheat, barley,
rice, oat, soya and sorghum 5 proteins and their fractions including
gl uten and prol am nes such as zein, glutenin and gliadin; and

ani mal prot ei nTheysrbtein may bagelected froanbutmdt{ingited ®3:ns i ncl udi ng gel atin,
egg al bum n (oval bum n), lactal bum n, casein and sodi um casei nate, whey,

and m | k g{aibff%?éiﬁf SOAIT Bs Tdrp vianeist ﬁérléﬁﬁé&?aﬁ,ssgiﬁnéﬁégragﬂunjro

The sel ecti on eln or mxture t

e pro er eof ng a
pl asti ci zed ,ptotei haceous oaterial .of the present i.nvention is.based on
Ceveral  proBins sud ferCtRctitsnRicirt.of e Bhf HERlanygh Ul s iR FtaR 2 e
protein product. For a chewabl e confection such as a nougat or a
chewabl e @pgidigdinianth which it is desirable to provide water
solubility, it is preferred to use a protein conponent 15 which can

provi de a wat emnimaliioteips sdoh tas dedlagencegy andimitiaprateinsi induding gelating
desirable to use a protein conponent which provides a water insol uble

product. egqg albumiA (Walb@fin)! Rctashmpe chbeindafd s68iuit e88hakt Whey, aRamhilkes
of the product. For :

isolates such as blends of caseinate and whey.

10 The selection of the protein or mixture thereof for use in preparing a
plasticized proteinéceous material of the present invention is based on several
factors including the properties sought for the plasticized protein product. Fora
chewable confection such as a nougat or a chewable medicament in which it is
desirable to provide water solubility, it is preferred to use a protein component

15  which can provide a water soluble product. For a conventional chewing gum, it is
desirable to use a protein component which provides a water insoluble product.
Other factors include the desired viscoelastic properties of the product. For
example, a product having a more viscoelastic character is generally provided by
use of a protein component selected from the wheat and corn protein groLupings

20 including corn zein and wheat gliadin, or gelatin, and their blends. By contrast a

product having less viscoelastic character is generally provided by use of a protein

component selected from egg white, whey and sodium caseinate.
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exanpl e, a product having a nore viscoelastic character is generally

ptrovi ded by use of a protein conponent selected fromthe wheat and
corn proteWOgs/itsi189ngs 20 including corn zein and wheat gPCXAISA7/17959
gelatin, and their blends. By contrast a product having |ess

vi scoel astic c @c%,% I 0 e
conponent sel egtﬂe romiz"‘%ﬁ%{‘36 {ﬁé\l\ﬁél%gﬂ‘ggfsgﬁxu%‘?%%gﬂxtﬂfé’h‘?ér@of 18

-26-

L SADSHISRRSTaIS: E0F THRY SRRSO of a
protein or mxture thereof is . dependent in part on its glass

t r ansi t i orproteinepamixtures-thereef having a gbﬁslsdfﬁﬂsmon tempenatire; ofsrom atout ¥les
t hereof, having a glass transition tenperature of from about 40 to
120[ err] C thor20%0ofor procEssng bttemmperatures in the rengeaobieomf aiout P01 20 4D, dre
120[err]C, are 5 preferred. It will be understood that nmany

commeg ci & driserd.| RRNE bl HdtrSbolaHat tany commeRiglly &laifdble pRotefEhavehe!
content. ter ten s to lower the glass ran5|t|on enperature of
pr ot ei ns

Becount - wisbabtBef il S5 GontSRt ke b fndel it oBSsiaeian: ?c. sed

protei naceous material in accordance with the present invention.

A singl e peaparatuse of peotsingat 145, dhe presanceoiwatepin aqpsateir muss bprtaken into
conponent for formng a blend. Protein conbinations include, but are not
limted taaccount whenzsledtingpa protein camponenidfon the emakinguoka plastivized k

I solate, egg white/mlk isolates, gluten/gelatin, gelatin/zein,

gel ati n/ sqstordhassis ialeridl fh akboYdancadith trasbrdiskRt fFvekition, i sol ate and
the |ike. Conbi nati ons which conbine different characters are preferred 15

for some uses such as a conbi nati on which conbi nes a.nore rubbery-1|ike
protein such as gelatin, with a nore plastic-like protein, such as
gl i adi n. . . . . .
10 A single protein or. combination of proteins may be used as the protein
component for forming a blend. Protein combinations include, but are not limited to,
zein/egg white, zein/sodium caseinate, zein/milk isolate, egg white/milk isolates,
gluten/gelatin, gelatin/zein, gelatin/sodium caseinate, gelatin/gliadin, gelatin/milk
isolate and the like. Combinations which combine different characters are preferred
15 for some uses such as a combination which combines a more rubbery-like protein

such as gelatin, with a more plastic-like protein, such as gliadin.

The plasticizer, as discussed previously herein, is a material which provideé
both workability to the plasticized proteinaceous material and contributes to its
viscoelastic character. The plasticizer or mixture thereof suitable for use in the

20  present invention may be selected frorh a variety of materials including organic

plasticizers and those like water which do not contain organic compounds.
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The plasticizer, as discussed previously herein, is a material which

provi des both workability to the plasticized proteinaceous materi al
and contri bWOS8/15189i t s vi scoel astic character. The pPeIIUSIV/L989 Or

m xture thereof suitable for use in the 20 present invention nmay be
selected from L; zg?é [ it L GL.zers
and those |i ke%r{rﬁ%aléﬁfcn %(ﬁc%rne!ttg:é g\:ég%}#’é@%go‘fg Iansélsc.lzersﬁ’ijicﬁﬁ&é,%ﬁt :
-27- . WO 98/ .

pCT/ Uso7/ 1arenpt limited to, phinaiate desivatives sueh AeimethVirietA ABc dibui cf er r o
cl ass of plasticizers include, but are not limted to, phthal ate

deri vat i vephthatste;polyetnyleng glyenls with melesulariveights preferablyfromaalbaouwt: 200 to
pol yet hyl ene glycols with nol ecul ar weights preferably from about 200 to

6, 000; gl ys000! ?Iygésm%lycclsdmchsasmdlymwnenpropylem, polgethyteneany | ene and
5 et hyl ene glycol; citric esters such as tributyl, triethyl and

pol 38lxtyryrétﬁ"“§'§ﬁ‘§?§%?‘ gl oA S350 a5 LAY Kty L N o Ef an
Sopropy| - SHTRANE Ak U5 S50 i BT Shi o

their lower alkyl esters; bulk sweeteners such as sorbitol, mannitol, :
xylitol anﬂolygwethyleyea(gbhsomstaammq,ol%*@hb!@g\dsaéig@mmaéeamaﬂcomﬂm BSand
castor oil; acetyl ated nonogl yceride; triacetin; sucrose esters;
traditi onastranevand @s’dprmpyiralmhdlmr@animacidsfsuch as aceticraef lactie ccidsyamd C
plasticizers are the polyols such as glycerol and the glycols,

especi al | ytﬁyrqa%?amy%sré?é bulR sWwRBRMEre BacH by &rbit6lt MErRe!, Rylife?langnd
pol yet hyl ene glycol', and organic acids especially lacfic and acetic

aci dygand pagkh; FA5/CAS RRGA 'a@%eg%?able o; 56&d oil and castor oil; acetyiated

monoglyceride; triacetin; sucrose esters; traditional flavor oils; or mixtures thereof.

Preferred organic plasticizers are the polyols such as glycerol and the glycols,
especially propylene glycol, polypropylene glycol, ethylene glycol and polyethylene
glycol, and organic acids especially lactic and acetic acid, and their corresponding

15 esters.

The amount of thé pfotein component present in the protein/plasticizer biend
will vary as discussed above. Consideration must be given to the desired glass
transition temperature of the plasticized proteinaceous material. Typically the
amount of protein component will be at least 40% by weight and most typically at

20 least 50% by weight. Especially good plasticized proteinaceous materials are
generally obtained when the amount of the protein component is from about 60 to

75% by weight.
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The amount of the protein conponent present in the protein/plasticizer

bl-end w Il vary as discussed above. Consideration nust be given to
t he desir edWQ|98/45189 transition tenperature of the plastp@igssnrose
prot ei naceous material. Typically the anount of protein corrponent

wei gt Espec, AP AMES bt RBicATibetsiparshasedon 43¢ totel whioht of the

general |y obtai ned when the anpunt of the ?roteln conponent is from about
60 to protein/piasticizefdiemd include, for example, aqueous ethano! (20-40% by weight),

- 28- WD 98/ 15189
PCT/ US97/ Jptepgiene glycol (20-40% b‘?rwém)eelhgtamrglycolfﬁﬂwm%a& y WeitHt), GntPadetic
based on the total weight of the proteln/plasticizer b end i ncl ude,

f I o I I
(20- 205 byt G5 Py ate G ye) B ot By rtaryood HeEk iphchee

Aol iat i dEOUGTTERS FIII@F@IQII)SQI stPife s é"II”ecogfe i ogposiiane) etianol

confectionery conposijions) ethano] not be preferred because of
r egul at or yNR¥HAL PR RES gr S6,0f regulatery reqwrements governingritsiuse. ed

bl ends of proteins and plasticizers for chew ng guns and

confectionery products include zein/propyl ene glycol/glycerol;

zein/ gl ycerol /propyl ene glycol /acetic acid/water; zein/lactic

aci d/ gl ycer ol / (preparrédBlerids of proteins!drid Mast
aci d/ propyl ene glycol/ethyl | dct at e/ but yII)II I é%%%og%ﬂachﬁébhﬁ\s and

acet at e/ gl gy &Ione%{.)roducts include zgmﬁr%gér?é BIy%UB@cSFII and the

plast|C|zer compon each use

zein/glycerol/propylene glycol/acetic acndlwater, zein/lactic acndlglycerollpropylene
10 glycol/glycol; and zein/lactic acidlbropylené glycol/ethyl lactate/butyi lactate/ethyl

acetate/glycerol.

The protein component and the plasticizer component are each used in the
dry state, i.e., a pre-blend of protein and plasticizer would have the physical
properties of a powder with the plasticizer dispersed uniformly with the protein. The

15  protein/plasticizer blend will usually be comprised of a blend of proteins, and/or a
blend or plasticizers to take advantage of the property of each component so as to

maximize the compatibility of the components of the blend.

The protein and plasticizer are combined into a biend and the blend is
treated to form a mixture with the plasticizer dispersed within a matrix of the protein.

20 In a preferred form of the invention, the mixture of the protein and the plasticizer

comprises a highly viscous material at the melt stage of the protein (i.e. a
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dry state, i.e., a pre-blend of protein and pl asticizer would have the
physi cal properties of a powder with the plasticizer dispersed

uni fornly W@PBS/IAA8 protein. The 15 protein/plasticizer bPECHRWSHII959
usual |y be conprised of a blend of proteins, and/or a bl end or

pl asticiz ke : o]
i mi s Plte e RGRAEEAoMatona) BRI Y o) ERANRG viskdsh o
The protein d plasticizer are.conbined int bl.end and e blend,i
(reated ¢ 4o Bitncatie hek SmBarani® Bed e attiied oy e naliong M Amblintf  « of
the protein. 20 In a preferred formof the invention, the m xture of

t he pr ot eplasticizer prepents tingeneral, the greateniner ameuntohplgstigizer usediin thet er i al
at the nmelt stage of the protein (i.e. a

- 29- ractice of tHé ptaséntlinfention to form the plasticized proteinaceous material, the
PCT/ US97/ 17959 pl astici zed protei naceous material). Both the nelt

t enpay at “?é;"g?ﬂf"‘et rﬂ@lt‘fén%?%?étbye gﬁd the lower thb'\?séﬁéﬂ'i}doffthetglgns{ﬁ&éd tG oM fheur ©

can be af d by the {ype and the anount o Cl zer present.

In general , the greater th mount._.of plasticizer used in the

practice a?%@%%@éﬁ'ﬂapﬁéﬂﬁmagﬁﬁ?lo formthe plasticized protei naceous
material, the 5 | ower the nelt tenperature and the | ower the viscosity
of the blend used to formthe pl astici zed protei naceous nmateri al .
QO her materials nmay be blended with the protein conmponent prior to the

mel t - Dthet matedaisanay Berblerde with the protein componentpribe tos tireymef-
anounts of the protein conponent and the plasticizer conponent can

be used t piRstRZARNTEESF drfiplehirtbheviihg gurfiaRhile RhAfiRg GRS bP i protein
el astonmers and PVAc in gum and al so provide waxy and ot her

ol ast ci ¢ spmyonent Shd REH Aot bripodiilanF, 413 kalids HifeffElsyyrich

characteristics, For exanple n_ . )
10 can replace conventional efastomers and PVAC in gum and also provide waxy and

other characteristics, the incorporation of other materials into the melt plasticization
process can also be used for these additional characteristics. For example, an
embodiment of the present inveniioh combines a polysaccharide with the protein
component prior to the melt-plasticization. While the bolysaccharide has minimal

15 effect on the viscoelastic properties of the plasticized proteinaceous material, it can
provide properties usually provided by components such as wax found in

conventional chewing gum.

The polysaccharides suitable for use in the present invention may be neutral
or ionic. lonic polysaccharides include pectin, carrageenan, propylene glycol
20 alginate and the like. The neutral polysaccharides include cellulose esters and

ethers.
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enbodi nent of the present invention conbines a .polysaccharide with the

protein conponent prior to the nelt-plasticization. Wile the
pol ysaccharWVe@8Met9 i ni nal 15 effect on the viscoel asti c BGTHFOTATS’ of
the plasticized proteinaceous nmaterial, it can provi de properties

usual l'y provi d%@ﬁré‘dﬁﬁ&‘l’ﬂﬁ?bﬁ}ﬁ%ﬂy BE cfvied BUOH @ presence foFQH‘é?;‘iﬂ.i Achl

chewi ng gum e pol ysaccharides suitable for use in the

et ude pattekts i FBMRAHERS B e protein Simb8ALS whithis PRIIAERENGIA. 7T |

The neutral pol ysaccharides ingclude cel]ul ose esters and, et hers.

- 30- dipolar ion aimegirabpidg Changing pH enhances the interaction of the protein

PCT/ US97/ 17959 The process nay optionally be carried out in
t he presercompdnent ascwell aéthe protein/polysateharide mixtusmeBeth oiganimantd of t he
protein conponent which is predom nantly a di pol ar ion at neutral
pH. angi iﬁergaﬁi@aamqaéytdéeuséuwwidwa@bcmgnt otein conponent
as well as the protein/polysaccharide m xture. Both organic and 5

i norgani ¢ acids may be used to provide an acidic pH. The

formation of a plasticized proteinaceous material froma blend of a
protein conponepnt and a. plasticizer co nent is prefergbly carried out at
t enper at ures of 1@ g‘?ﬁ%ﬂﬂfﬁ? Oé@ pf§%|m@p?%nams @@Fﬁ‘?%ﬁm!é astﬂeaﬁ of a
condi tions. "Controlled shear conditions" in accordance with the
present i rpretein@ompanantanda plasticizen sompoenept isnpreferabiypcarsigdtautstear to an
extent sufficient to uniformy disperse the
temperatures of from about 20 to 120°C under controlled shear conditions.
“Controlied shear conditions” in accordance with the present invention shall mean
10 that the blend is exposed to shear to an extent sufficient to uniformly disperse the

plasticizer within the matrix of the protein.

Shear and its determination and effect on various materials is disclosed in
Ronald Darby, “Viscoelastic Fluids" (Marcel Deker, Inc. 1976) pp. 7 and 8,

incorporated herein by reference.

15 For purposes of the present invention, the blend of the protein component
and the plasticizer component are subjected to shear conditions that are more
severe than customarily employed for the preparation of chewing gums and
confectionery comlpositions. More specifically, gums and confectionery
compositions are typically prepared in an open kettle using sigma mixing blades

20 (i.e. blades that have an S-shape). Shear is maintained at modest levels a)

“because the kettle is open and therefore the blend can rise within the kettle during
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pl asticizer within the matrix of the protein. Shear and
Its determ nation and effect on various materials is disclosed in

Ronal d Dar WO 98518 oe| astic Fluids (Marcel Deker, Inc. 1976)PEBUSYIIIE 8,

i ncor porated herein by reference. 15 For purposes of the present

i nventi on p)éhdingsereh ©f relibfe Bires§ aRdID Uk the S-sha%%t?‘gigﬁﬁ?blﬁo%%tséar@g@r

conponent are sUbjected to shear condi'tions that are

t han cust ri paration of chew ng guns and
confecti omh@gﬁggg‘?%@%%&&{%%%%sl%QT fically, gunms and confectionery
conpositions are typically prepared in an open kettle using sigma m xing
bl ades 20 (i.e. blades that have an S-shape). Shear is naintained at
nodest | evel s a) because the kettle is open and therefore the bl end
can rise wit hi in@gcsokdanceavithuthengresent invention, the shear applied to the blend of
- 31- WD 98/ 15189

ﬂtgfe t he

e

PCT/ US97/ 1¢8&h and plasticiiér_ﬁi@gi'émeﬁma?ﬁc&stoﬁﬁﬁiwaampﬁye@ﬁiﬁ tRB brEpalfi
ool 5ot $4T2n0 senfestiohBn/EbORN6Re. Sy daiihBAShn bR x5 o™

S-shaped sigma bl ades provid only nodest shear rates to t
customari 15% err&l]o ed,in the &gﬁﬁ%ietl on,of = 5 ,%Sms and confectionery
conposi t i SH¥er o, EHMGR UsiRg, 1 S pad similardevices. m xer or

extruder using roller blades and simlar devices. " The
pl astici zation of the blend of protein and plasticizer may be carried out
I n a mxer or in an extruder. In either instance, the apparatus

shoul d be one tT& plasticization of the blend of protein and plasticizer may be carried out in
a mixer or in an extruder. In either instance, the apparatus .should be one that
provides a medium or preferably a high shear. A_higher shear is preferred to

.10 uniformly disperse the plasticizer compbnent within the matrix of the protein
component. Low shear mixers such as those utilizing sigma blades as previously
indicated, which are traditipnally used in gum base and chewing gum manufacture
to provide tumbling and kneading without imposing a strong compressive force,
generally do not provide sufficient shear to denature the protein. Cam blades are
15  known to provide medium shear and are useful for studying the properties of rubber

and elastomeric materials. Rbller blade mixers, however, are more suitable for use
in preparing the plasticized proteinaceous material because they provide a higher
shear due to their curve-angular design. Suitable mixers of this type for use in the
present invention include, but are not limited to, Brabender, Hobart, Sig.ma Kettle,

20 Hakke and Planetary mixers.
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provi des a nmedium or preferably a high shear. A higher shear is preferred

to 10 unifornkz di sperse the plasticizer conponent within the matrix of
t he protei MWO98/518 component. Low shear mixers such as t hos®CNYSTATISY
si gnma bl ades as previously i ndi cated, which are traditionally used
in gum base a”drﬁé‘mioﬁlﬁf‘d?l%ﬁfiéﬁé&r oteinaceous!rRafdrial frdfn 5BIBhY 38 gand
kneadi ng wi t hout 1 nposing a strong conpressive force, general ly do
not provide sufficient r r " are 15
known to FRrB 'B@ﬁ@%ﬂfﬁ%gﬁéa"r5@%@%@%%@8@5?“&8%3‘%‘3?@? ?‘?&ggé%pert i es of
r ubber and el astoneri ch nmateri.gls. Roller bl ad&' m xers, however, are
more sui t dBMperatures under high shear ¢opgiiongg 10 @mpeassich aea Brahendes suxes

mat eri al because they provide a higher shear due to their
cur ve- angutherbldrd of protsin arxd plasticizer is béatediat & igmpératuresd from taiveut 20°C
present invention include, but are not limted to, Brabender, Hobart, Signma

Kettlg, ' B06l140 |D spreferably®om about 20 to 120°
o § Z@mbleﬁl?%v%bgg/ 151899{9 y< ut 20 to 120°C and processed under

PCT/ US97/ L7 . T ' ihCl p | S
material 1VaMSRer en e tgraue B8coEL Bbhtane IndldiFSufaiRidHaf g Ped
conponent s carri ut_ at., el evat ed t enper at ures under hi gh shear
ottt onsbearhcampleted. TEire Wikbs danendent YRR SUCH TALOTS 5 Hab bRaENafhe
protein and plasticizer is heated at a tenperature of from about 20[err]C
5 ( anbi amountsoofirotein and[plastjaizer ridigbentampenatunesh uptto 240° €, taa e uger
and processed under hi gh shear until the torque becones constant

i ndi cat i ngtossHusitet theprogesatimel b l{iﬂﬁer temperatuUpes BaA M RbRIcCCas8dvdrgBiyw | |

e

be dependent upon such. factors as type and the anount s of
Protgpn andeUaRt prbteR.- GEhsRAly IbSSBRIAsegSired ¥ hBrd fllistitblris pselt REd

mixer may be stopped at tﬁis point, the material removed while hot, then cooled,

analyzed and used.

A mixer is particularly suitable for proceséing a protein or a mixture of
proteins in the presence of plasticizer to develop higher processing torque values.
15 For ecoﬁomical reasons such as sho;ter proceséing times and the potential for
continuous processing, the process is preferably carried out in an extruder.
Suitable extruders shﬁuld provide a shear capable of uniformly dispersing the
protein in the matrix of plasticizer (i.e. high shear). Sﬁitable extruders include, but

are not limited to, Berstoff, Killion, Brabender and Werner-Pfleiderrer extruders.

20 - The extruder is particularly suitable for processing proteins or mixtures of
protein which do not aggregate excessively and therefore maintain a lower constant

processing torque value. Preferably, the protein component is first vigorously mixed
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to shorten the process tinme but higher tenperatures can in sone cases

adversely 10 affect the protein. Generally less tine is required if
more pl ast WE9BH6189s present. The m xer may be st oppBGTAISIVHISY
point, the material renoved while hot, then cool ed, anal yzed and

used. with the plastlc:lzerr'ﬁomﬁb?l@nt &é?%blt%rﬁabﬁesl*ﬂé é@ll’tfdét@% nr%gg? +oli8&ted

protel n or oteins Int presence o ICclzer to

devel op hj roce 0 v For economi caI reasons such
as shorteﬁ"g%trﬂlcgggmn "'{f%sarg‘ﬂgg?'xgé%otentlal f or cont i nuous

processing, the process is preferably carried out in an extruder.
Sui tabl e extruders should provide a shear capable of uniformy dispersing

the - protein in the matrix of plasticizer (i.e. high shear).
Sui t abl e ext r uifitls eithert adisixertortextruder the praresstis brefetahiybaméiemboﬁih to
Killion, Br abender and Werner-Pfl eiderrer extruders. The

extruder | tfo AERANLFIGH ét&gé‘ﬂﬂl@bﬂ;t&ﬁ;u%m%é'd?ﬂ' &cﬁssiva%%qrﬁgé«éﬂ bFfhedf

protein 0 not aggregate excessively and therefore aln a [ower
const f‘g{ W‘Z}SV‘OL@@%&;@& "G ASHWBHENY 2oithe dDen%hﬁfe%bAr%teuﬁ BRchisdheolgrs igponent
ID?C,Z% uso7/ formaion of mtefmol}ﬁqtf?ft%‘d& hepipreileinsApanitre themciienal gsaupsded.

The extrudates may be coll ected in strand or in filmformand
anal yzed. that were engaged in intrimblecutardydeogendeondingeand hytrophbigicpr ocess i s
preferably carried through to the denaturation stage .of the protein

j ust pri ojptéfchibis X GRS Aative SaLs Besdmeavellabledor ﬁxtermﬂé@&l%r Thtefitdiopgat i on,
or networking, of the denatured protein occurs through t

Lo O'This *é%hﬂg@Esﬁl’gg;’ihoma‘ﬁogr\é@gﬂeWﬁtrﬁ'é‘§l$ﬂ‘éi§%§xﬂrneet\wﬁ< fggt i onal

10 material goes from a powder to a paste.

Materials which have a long processing window of time during the denaturing
stage prior to aggregation or which do not aggregate to any extent are preferred for
use in making plasticized proteinaceous materials. It has been found that materials
which exhibit viscoelastic properties herein cén be provided by materials which do

15  not aggregate to any great extent after denaturing. The processing of these
materials is more easily controlied. Where it is desirable to use the material in a
process which makes chewing gum or confectionery compositions in one step, the
material is more amenable for such use. Zein, gliadin, milk isolates and gelatin, per
se, can be readily melt processed, as illustrated further herein, and are particularly

20 suitable as precursors for gum ingredients. For those materials that do excessively
aggregate it is preferable to halt the melt-plésticizaﬁon process just prior to the

‘excessive aggregation. Proteins such as egg white, whey and sodium caseinate
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that were engaged in intranol ecul ar hydrogen bondi ng and hydrophobic
i'nteractions in the native state becone avail able for internolecular

i nt eract i orf¥O 98/15189 This results in aggregation to progresRGRUSITGISH a
vi soel astic network. The 10 material goes froma powder to a paste.

Mat eri al s i i ' TR ' enat uri ng
Stage pri GHemors Ry T QR e R R g o e
preferred for .. o U L . ' I L. Cl t.el nacepus .materials. It
hac been rURRBaR it iiesd broceds difbs Hs3istBuTRGE LRI HisRer 1 oo
herein can be provided by materials which do 15 not aggregate to any
great ext gnatesralscanbetsad agblends with prateingywhich aresprone 10 less aggeagation | s
nore easily controlled. Wiere it is desirable to use the naterial in a
process whogirovidecs desieableplgstivized proteinadeousmaterighosi ti ons in one step,

t he material is nore anenable for such use. Zein, gliadin, mlk
| sol ates and gel atin, per se, can be readily nelt processed, as
illustrated further herein, and are particularly 20 sui tabl e as

aar ehate it 1 P B ol 9 Blachizer SRt pLbrdht off8 SRR eton
prior to the . excessi v% aegg[egation. Protei ns such as eglg whi t e,
whey and db@iRreressing wipdow of time.”In general the greater the amount of plasticizer

-34- WO 98/ 5189
PCT/ US97/ 1pr@sent in the blendcthedoaget thel processingrwindow oftime ddthatighithg bemnefit

have hi gher processing . viscosities with nore [imted process tines
as illust réﬂ@dﬁiﬁgraaaﬂrodwﬁeasﬁcizﬂmn level off. Withi Siotéths stieR diczeif (hdirelated
bl ends with protéins which are prone to | ess aggregation to provide

a desirabl gl AfdsGt BBteRePdE I AGTE EprotdiffdiBsticizer blend of from about 90 to 75%
10 protein and from about 10 to 25% plasticizer by weight. For proteins such as egg
white it is preferred to have from about 75 to 50% protein and from about 25 to 50%

plasticizer in the blend.

The plasticized proteinaceous _material'ma'y be isolated after the
plasticization process or the process may be continued to prepare an end product
15  such as a chewing gurﬁ. Where the material is isolated, it may be used' in
traditional batch making processes. These processes are well known to those

skilled in the art. The chewing gum may also be prepared using an extruder.

A one step process, i.e., a process which prepares a chewing gum directly, is
a preferred embodiment. Either a mixer or an extruder may be used for this

20 process, although the use of an extruder is preferred. The extruder allows for the

manufacture of the chewing gum in a continuous process, i.e., the chewing gum
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5 The amount of the plasticizer conponent present can al so have

an- af fect on the processing wi ndow of tinme. In general the greater
t he amount WO 9%§/15182 i ci zer present in the blend, the | BOCRASIVINGS
processi ng wi ndow of tinme although the benefit of addi ng addi tional

plasticizer W | QO ' Z €] -
Br o1 arm nedarEdlents, B pofipousty d36q WIS Hrnad K FeioiR byt eh ext,
about 90 to 75 rotein and rom apaut 10 to 25% pl i, Z

Serght . FePrior BieprRtein Smagnggcand ine Pladliizee SombPost why teatisTinte 1  om
about 75 to 50% protein and from about 25 to 50% pl asticizer in the
bl end. initial barrels of thelextrpdes or the-plasticiseemaydadded te aisecondyoribird

i solated after the pl astici zation process or the process may be

cont i nued ppradaABRE Biend Rdatdidahddr corftrolledshear onditivhei axdpvibusiiher e t he
material is isolated, it may be used in tradi tional batch making

e dﬁEEﬁBSd PRYshT aAd dthér %Gh'bd&'éq rddent3dRsy also be adﬁEh'ét His'titnd BF

he chew ng gum nay al so be pr epar usi ng an ex

.As"”e G i sié:s%ﬁ?@mﬁeﬁﬁ&ﬁféﬁ@“@ﬁcﬁm%%éﬁfsowéﬂaww%egeéw e

used for thIS process, although the use of an extruder is preferred-
The extr udlewoamawﬂ:lendme added at a later stage: Jdiahes t%mpsr@tummgeg,mm initiglly
conti nuous process, i.e., the chewi ng gum

- 35- with lower tdﬁp%ﬁétibﬁéésémployed for the incorporation of flavor and sweetener.

PCT/ US97/ 17959 I ngredi ents are continuously added while the
product | nieFABH us matéﬁmt W and
t he pl ast %I zer \f:% entJe|r$3;‘ya be %ggg%lot 0 may b &Fﬁ?ﬁdglﬂn barrel's of

E)g(rar t;ggﬁ{% ed’tpgﬁg l as%@gl%%gggagggﬁ? ﬁﬁﬁ@&’%ﬂ%‘g‘r sgggg?t iO(r)ntsh:a;dpr evi ously

The extruder can be used to prepaire a chewing gum comprised of rapidly
aggregating and slower aggregating proteins. Processing times can be controlled
by selection of the order of addition. The proteins which do not rapidly aggregate
and have low torque valuescan be ad'ded to the extruder at the beginning of the

15 process. The proteins that rapidly aggregate may be used as short processing time

~ additives.

The plasticfzed proteinaceous material of the 'present invention can be used
as a substitute for one or more conventional materials in gums and confectionery
compositions, including waxes, elastomers and rosins. This substitution makes it

20 possible to produce products which are edible and/or biodegradable. However, it

will be understood that conventional ingredients may be included in such

compositions.

-36-



5 described. Resin and other gum base ingredients may al so be added at

this time or at a |ater stage. Traditional chewi ng gum conponents
such as swewO®8m5189nd flavor may then be added at a |BOEUSITNISS.
H gher tenperatur es can be used initially with | ower tenperatures
enpl oyed for t ef ener

Al ternatively, ;i%sqgm%hpﬁgéi@ﬁ@gﬁm%ﬁ?@%% pay Bﬁe%yr ‘é!at‘?’n an
extruder, 10 and the resuljting material added to the initial barrels.

The ext r udesoluble pelymeasknawmindhgrart. bﬁxmﬂadg§mreaﬁ;hut§@engfcqmbfrue§s
aggregati ng and sl ower aggregating proteins. Processing times can be
cont r ol | e{SBR) and nbp-SBRdypésnExamphes of naturalfelastdmersiincliite, withoat ns
whi ch do not rapidly aggregate and have | ow torque val ues can be

added to t Wtétiﬁrf tBhe! sd&tﬁa@ﬂﬁbtﬁéﬁ 18xOfnatdidl rddber) aR8 QrRRYEle, B gUiRé ei ns

that rapi aggregate nmay be used as short processing tine

prescht 1 B S ANEIS, Ieutong, it BBhbgercr, fich 3%6%23&9% W%sﬁhb"f e

conventional materials in l]JITS and conf ect I onery nposi ti ons,
i ncl udi ng MERE®, rasigit lﬂvnﬂeg' lanRiges gula, turk. guliaikay Peﬂdefe.mdetvaceo

possi bl e to produce products which are edi bl e and/ or bi odegradabl e.
However , i¢hiquibul, crownigureandthe ikeanhd mxtumthemoforatamplgsmsyntl’tetmay be
|ncluded i n such conpositions.

- 36- elastomers\iitiRige 1 M4tBBut limitation, polyisobutylene, isobutylene-isoprene
PCT/ US97/ 17959 Conventi onal ~ el astomer's used in chewi ng gum

P on RS By bt B, TRACHA! Byhéd Biatidno T
10 copolymers, polyisoprene and the like, and mixtures thereof. The amounts of
elastomer (rubbers) er_np_loyed in a traditional gum base composition will vary
greatly depending upon varibus factors such as the type of gum base used
(abhesive, non-adhesive or conventional, bubble gum or standard) the consistency
of the gum base composition desired, and the other components used in the
15 composition to make the final product. For example, elastomer is usually present in

a gum base composition in an amount of from about 2% to about 60% by weight

based on the total weight of the gum base composition.

Polyvinyl acetates (PVAc) are usually added to a gum base in amounts
dependent upon their molecutar weight range. The total amount of PVAc used in a
20 gum base composition is usually from about 5% to 95% by weight based on the total

gum base composition.
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(SBR) and non- SBR types. Exanples of natural elastoners include, w thout
|imtation, rubbers such as rubber |atex (natural rubber) and guayule, and
guns 5 WOUPSASKE] chicle, jelutong, balata, guttapercha, | @®QIWUSIAIZISY
sorva, crown gum ni spero, rosidinha, perillo, niger gutta, tunu,

P 0 A e e S oy
AN MR R o Tt

10 copol yners, polyisoprene and the |ike, and m xtures thereof. The
amount s amuisifiers, susfastardadillers apioddantsangytbe like inta thelgumsrofithg presente
conposition will vary greatly dependi ng upon various factors such
as the tyaeentiorgum base used (abhesi ve, non-adhesive or
conventional, bubble gum or standard) the consistency of the gum
base conposition desired, and the other conponents used in the 15
conposition to make the final product. For exanple, elastonmer is usually

Bbout | 60% by JERgiarTer SoReiS faERRAY hilide, Buf S PBligd otz °

conposi tion. . . .. Polyvinyl acetates (PVAc) are usually added
to a gumesiers and synthetie derivatives Qfegdhdta@mpenps nExaaiplesof elagtamensolyents
range. The total anount of PVAc used in a 20 gum base conposition is
usual |y fsuitablbfortussthereiroibelude tal icillTosiresstdr; partialy hgtaigenated woodumdbase
conposi tion. -37- _
WO 98/ 15 rosin; the glycerol esters of wood and gum rosin, partially hydrogenate

PCT/ US97/717959 The present I'nvention also concérns the

I ncor por Lk 0iiafin fosit! derfPAR) difflFi¥e8%o0d and gum rosin, polymerized wood and

10 gum rosin, and tal! oil rosin; the deodorized glycerol ester wood rosin; the
pentaerythritol esters of wood and gum rosin; partially hydrogenated wood and gum
rosin; the methyl ester of partially hydrogenated wood rosin; methyl, glycerol and
pentaerythritol esters of.rqsins and modified rosins such as hydrogenated dimerized
and polymerized rosins; terpene resins such as polymers of alpha-pinene or beta-

15 pinene, terpene hydrocarbon resins; polyterpenes; and the like, and mixtures

- thereof. The elastomer solvent may be employed in the gum base composition in

an émount of from about 2% to about 75% by weight of the gum base compaosition.

Waxes may be of mineral, 'animal, vegetable or synthetic origin. Non-limiting
examples of mineral waxes include petroleum waxes such as paraffin and
20 microcrystalline waxes, animal waxes include beeswax; vegetable waxes include
carnauba, candelilla, rice bran, esparto, flax a"ﬁa'é'ﬁgarcane,' and synthetic waxes

i_nclude those produced by the Fischer-Tropsch synthesis, and mixtures thereof.
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gum conponents such as el astonmer solvents (tackifiers), waxes, fats/oils,
emmul sifiers, surfactants, fillers, antioxidants and the like into the guns
of the preWn98/15189 i nventi on. 5 El ast onmer BOT/VUSINITIS
(tackifiers) include, but are not limted to, natural rosin esters

ol vents SutebR ?@%ﬁ% %P'eﬁs?ﬂg%é?’ﬁ*ﬁi? %ﬁﬁmﬁeﬁ%&ﬁgghé‘feﬁﬁé%wa"v

partially hy ro ena m r o0Si.n; r ol ters of
wood and § Mﬁg? Efq Qr &y Eﬂ%é%‘ﬁa?'g as co{tons gﬂ’ﬂg%?bf ﬂ' coconut
partially d| mer i zed wood and gum rosin, merized wood and 10 gum

rosi n, andilf paim kétnel ol beefith Webmmggeat talewplards cecoanbutier, danaolin ahd
pentaerythritol esters of wood and gumrosin; partially hydrogenated wood

and gum the like; féﬁ?laﬁldéélmf@é patimitie ]! eleico stawrid, linbleic, NiGReIAPALRS ceppsic,

rosin; nethyl, glycerol and pentaerythritol esters of rosins and
nodi f I ed t

osi s: ¢ SABDAE é%es.hn@ésﬁ%%fﬁé%%% ié‘n‘g?i@d‘aﬁpﬂgaﬁ‘ﬁeaﬁﬁ“m e StegESt.

pi nene, terpene dro on resjns; enes;. and t \

i Xt ur s THBSS inGRERiaTi When use 45 GRRralLly PSR i BRI HPdD L% B weightim
base conposition in an anount of from about 2% t o about 75% by .
wei ght of of the gum gRrBpositieRosi ti on. Waxes may be of

m neral, animal, vegetable or synthetic origin. Non-limting
exanples of m neral waxes include petrol eum waxes such as paraffin and 20
m crocrystalline waxes, ani nal waxes include beeswax, vegetable waxes

i ncl ude ?d%!%‘r':*ﬂﬁs:f ieAyelude @cetﬁlbféc‘cf gﬁ@gh’é&ﬁ%t g%‘%‘éﬁ*ﬂy fstearate,

sugar cane, and et c waxes ose. pt

F|3§Cher Tr St gct.‘ dsrxgﬁogl@céndé@dd éﬂ(ééﬁ'&gss ptrgSyISRé glycol monostearate lecithin,

10 triacetin, glyceryl triacetate and the like, and mixtures thereof. Preferred emulsifiers
are glyceryl monostearate and acetylated monoglycerides. These also serve as
plasticizing agents. The emulsifier may be employed in an amount of from about

1% to about 15% weight of the gum base composition.

The gum base may further contain a surfactant. Examples of suitable
15  surfactants include polyoxymethyléne (20) sorbitan monoleate, polyoxyethylene (20)
sorbitan monolaurate, polyethylene (4) sorbitan monolaurate, polyoxyethylene (20)
sorbitan monopalrhitate,.polyoxyethylene (20) sorbitan monbstearate,
polyoxyethylene (4) sorbitan monostearate, polyoxyethylene (20) sorbitan
tristearate, polyoxyethylene (5) sorbitan monooleate, polyoxyethylene (20) sorbitan
20 trioleate, sorbitan monolaurate, and the like. The amount of surfactant present

should be effective to provide the finished chewing gum with the desired softness.
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WD 98/ 15189 '
PCT/ US97/ 17959 Suitable oils and fats usable in gum conpositions

i ncl ude hydwof8n&t88d or partially hydr ogenat ed vegePemluson1795si nal
fats, such as cottonseed oil, soybean oi |, coconut oil, palm
kernel oil , [
kornel o Iryiesl, bl beecllHEIRAREH s ol Bl 750 %a‘?r@aof%i% Shoyl 8% 15
linoleic, lauric risti ca p can0|c or esters and
salts as SRRAWAQ ‘ﬂ?@@h&sﬁapé‘séﬁém%%ﬁ%tcg.tke gum aseFhese i ngredi ents
when used are generally present in anounts up to 14% by wei ght of

t he gum conposi tion. Typical emulsifiers include acetyl ated
nonogl yceri de, glyceryl nopnostearate, fatty acid nonogl yceri des,

di gl ycerides, pTe@guRisags venpositionhapaodnciudeidffidtive aktbunté oF fAiléds. N,
glyceryl triacetate and the Iike, and mxtures thereof. Preferred

el si 11 enGeoty filers iAIGAG oFGENY arABRIHE eaﬁllp B8 SEEK R Efkium carbonate,

nDnoegcerl erve |C|2|ng agents

enul sifier ma n_an rmut of fr 1%toaout
15% i ghtMaene ﬁs"bé%%séege oHis fgsfne. magnatidin Silcate, cigiug pheshtemy
further contain a surfactant. Exanples of suitable 15 surfactants

i ncl ude potgllsitgsapolymens glay)aluming, Eiuminume hydiaxide @lyminus sijicate; talen)
sorbitan nonol aurate, polyethylene (4) sorbitan nonol aurate,

pol yoxyet hyicalttur Phosphate, dicatciuim praosphate,ariditiediie, apd mixtores ivéreoe (20)
sor bi tan nonost ear at e, pol yoxyet hyl ene (4) sorbitan nonostearat e,

pol yoxyet hwﬁggﬁn e,ég@é fileF i%'érﬁﬁlox in the( gg@&@@érﬁﬁoaggw 4f Ié??{ GGrdm)

sorbitan no pol yoxyet ene orbrta eat e,

Shou Ba[le”%?%aﬁ%f}‘é%?sﬁﬁggar@dﬂ@@t#ﬁ*%ﬁgﬁ%se BBERRETh The desi red

sof t ness. - 39-

. 10 The gum base may also comprise an antioxidant. Typical non-limiting
examples of antioxidants are butylated hydroxytoluene (BHT), butylated

hydroxyanisole (BHA), and propyi galiate. Mixtures thereof may also be used.

Other conventional chewing gum additives known to one having ordinary skill
in the cheWing gum art may also be used in the gum base composition of the

15 present invention.
The amount of gum base employed in a traditional chewing gum composition

will vary. In general, base can be included in the final chewing gum product in

amounts of from about 10 to 75% by weight of the product.
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PCT/ US97/ 1 Typically, the surfactant is enpl oyed i I n
an anount yég%%sabout 0.5%to about 3. 0% by wei ght &jé@gagﬁe
total weight of the gum base. The gum base conposition may

al so incl ude efA ehtwireg gumusdrepasitibn Wik atso contain bulldkssfedtehetd. eSaitablel ude
organi ¢ and i norgani c conpounds such as cal cium carbonate, 5 rragnesi um’

car bonat e.g, giapd! fHelhd SoCHENHRS didadthiahiges Snd GolysacatitRRN i
cellul ose p ymars clay, alum na, alum num hydroxidé, alum num si | cate

mxt ir os. e FDU0SE, GG @%Sffﬁfyef’ﬂﬁ%*ffdﬁ‘%mg%‘?@g%%ﬁ%ﬁ}é%g <'tﬁ@ﬁl9ese§um pase

conposition in an anount from, % t o about 40%@% ght of
the gum basEress{saigar), snaltose, jnvert Sugar Partmb' arebEsd stasrhae cemrﬁyrupe an

antioxidant. Typical non-limting exanpl es of antioxidants are

but yl st ed solidspand otixtrnes {rgii@pf. Suitgblatrean-sugar bulkinglagentsrinclatde sugdh) , and
propyl gallate. Mxtures thereof may also be used. Q her

convent i OngiboldlBMIKIBgHEENS SLEH |E SorBIRNXYIRICh AaRANGIN garichitdlamal®bi, 'dnd
|n the chew ng gumart may also be used in t he gum base conposition of the

pre HIR npl oyed
| n at radﬁﬂ}iweg\{ﬁﬁltedv?n?ﬁsom@#f g‘oarlr%gsx%rms hy-drﬂ?g é@% é}ég?‘w tﬁﬁéé’tggm al ,
I h f t t f
£ om abouthEiosenatEs ekoREs Y BpenRB At arides, and the like, and miures - °
thereof. Bulking agents or sweeteners described above, may be used in an amount

10 of from about 17% to about 90%, by weight based on the total weight of the gum

base composition.

The chewing gum compaositions may also include a high intensity sweetening
agent (sweeteners). Examples of suitable intense sweeteners include (A) water-
soluble naturally-occurring intense sweeteners such as dihydrochalcones, monellin,

15 steviosides, glycyrrhizin, dihydroflavenol, and L-aminodicarboxylic acid
aminoalkanoic acid ester amides, such as those disclosed in U.S. Patent No.

- 4,619,834, and mixtures thereof; (B) water-solub_le artificial sweeteners including the
soluble saccharin salts such as sodium or calcium saccharin salts, cyclamate salts,
the sodium, ammonium or calcium salts of 3,4-dihydro-6-methyl-1,2,3-oxathiazine-4-

20 one-2, 2-dioxide, the potassium salt of 3,4-dihydro-6-methyl-1 .2,3-oxathiazine-4-
one-2,2-dioxide (Acesulfam-K), the free acid form of saccharin, and the like, and
mixtures thereof: (C) dipeptide based sweeteners including L-aspartic acid derived

sweeteners, such as l-aspartyl-L-phenylalanine methyl ester (Aspartame) and
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PCT/ US97/ 17959 A chewi ng gum conposition will also contain
bul k sweet @9&/1518%i t abl e sugars i ncl ude nonosacchar PA®AIS97/17959
di sacchari des and pol ysaccharides such as xyl ose, ribul ose, glucose

(Sugar ). %@@é@"&% RERITST Patntildy B deg ﬁ%“?—%lb&%asgﬁw-@”@%%% Syrup.

5 sol i ds, ur es of, bl e n su r b k|n ents
"ncl ude. s elemethyl-ahigtBRyl e finemife. Busiees AR, et esers B e ¢ i of
mannitol, galactitol, maltitol, and n1xtures thereof I somal t,
mal t odext raspa;tth:fmgyhgtyeenee ardtmpadylyhﬁ@d;hydrophenylwlng,elnaSpartyl-

hexoses; hydrogenated di saccharides; and the |ike, and m xtures
t her eof . %Eih}@ir@l&ﬁﬁénﬂélmtLE-QGbértﬂeLSiS‘l J?@l@héh@ﬁ@)—alﬁﬁlheb%nﬂsﬂﬂg k8, an

anount 10 of from about 17%to about by wei ght baséd on the total
wei ght of | gum
corrpg’m ol On?ﬁpra&;brpg thereof, @ I% tugt%gf? sweeteqers derlved]:ltb‘?n %Qg@%m?-
(sweet ener f suitahle inten syeet ener.s, i .ncj.ude wat er -

sol ubl e n&%yﬁlq%&gﬁe&ﬁ‘ﬁ e@ﬁ@%rssﬂég ﬁorﬂﬁgﬁd%ﬂ&? ‘{Rﬁ@é inAes,
nmonel |i n, st evi osi des | ycyrrhizin, dihydroflavenol, and :
L- ami nodi @QQBO(@NQI'@S%)CBGD chlorode%'sngat denvatiyessiucheas derivativésf such as

t hose disclosed in U S. Patent No. 4,619,834, and m xtures thereof;

(B) water chtdrudéexwwmse:oabhlevmmcyglmotmuondsé]wtdvm for example9 LHléethe
saccharin salts such as sodiumor cal ciumsaccharin salts, cyclamate salts,

the sodiu SBlcwRist
3. 4 di hydP oI e sl'qﬂéllr 5 SUdtBIGR Sxdinples S chioroagonysusraseande, the

ore- 5'2“3}%2'@}%98{?&2953%&93%%964%@%5 chode BF ¥ AOURRERAIa:1-olpep e

i ke, and m xtures thereof; (C) _dipeptide based sweet ener s
i ncl udi ng deOX¥$HGTOse; m&pree‘}-ﬁee&y-alpha-D-galactopyranosyl-aIpha-D-

fructofuranoside, or 4-chloro-4-deoxygalactosucrose; 4-chloro-4-deoxy-alpha-D-
galactopyranosyl-1-chloro-1-deoxy-beta-D-fructo-furanoside, or 4,1'-dichloro-4,1'-
dideoxygalactosucrose; 1', 6'-dichloro-1',6'-dideoxysucrose; 4-chloro-4-deoxy-

15 alpha-D-galactopyranosyl-1 ,6-dichloro-1,6-dideoxy-beta-D-fructofuranoside, or
4,;|‘,6'-trichloro-4;1',6‘-trideoxygalactosucrose; 4,6-dichioro-4,6-dideoxy-alpha-D-
galactopyranosyl-6-chloro-6-deoxy-beta-D-fructofuranoside, or 4,6,6‘-tri§hloro—
4,6,6'-trideoxygalactosucrose; 6,1',6‘-trichloro-6,1',6'-trideoxysucrose; 4,6-dichloro-
4,6-dideoxy-alpha-D-galacto-pyranosyl-1,6-dichioro-1,6-dideoxy-beta-D-

20 fructofuranoside, or 4,6,1',6'-tetrachloro-4,6,1',6'-tetradeoxygalacto-sucrose; and
4,6,1',6'tetradeoxy-sucrose, and mixtures thereof; and (E) protein based intense
sweeteners such as thaumaoccous danielli (Thaumatin | and ). The intense
sweeteners are usually used in an amount of up to about 1% by weight based on

the total weight of the chewing gum composition.
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sweet eners, such as |-aspartyl-L-phenyl al ani ne nethyl ester (Aspartane) and
-41- WD 98/ 15189

PCT/ US97/ 17W948/15189 materials described in U S. Patent NRCBUS®TA7IV]1,

L- al phaaspartyl -N-(2, 2, 4, 4- tetranet hyl - 3-t hi et anyl ) - D- al ani nam de

gﬁgr it e I(O er It ;f‘”‘fﬁ% cgﬁwé/gr i & ?ém{an may also corﬁéf?f‘é f‘l&llélliﬁﬁ BGEKE sedfe | ne

50 e R M s AR B b ™

deri ved fromnaturally occurring water-solubl e sweeteners, such as
chl ori nat RAVPES. \Nw-lmgm represeniative flavor agentgdnciudedAd Slayor eilg sych as
chl or odeoxysugar derivatives such as derivatives of

chl or odeoxgpaarminste cinnarmom raikefoxinterigees tmethys salitylaty), pémemﬁﬁﬁnhenthbl)der
t he product designation of Sucral ose[err];exanples of

chl orodeoxylsys 957 aMsk, eu&ahyptﬁéﬂtﬁyﬁfée%aaale%rt&rarﬁ e lsBitd, 6AorsBge!' e

but are not limted to: "'oro-1 deoxysucro

{1 ot of ur dnBEha O B ABREE AR RS f%ﬁ%’?‘f&?é natural and synthetic fruit

4- chl or o- 4- deoxy- aI pha- D-
gal act opyriiawess such @s) anilla, andgitrus ails-including lemen, le@QQGe'ImGrgl‘aPefmlt and
4,1-dichloro-4,1"- di deoxygal act osucrose; 1',

6' -di chl orfourlessenaesiack;d;m@ apple, péachpeadh, grapexstrawtidrry, raspberry, cherry,
al pha- D- gal act opyranosyl -1 , 6-di chl-oro-1

, 6- di deoxyploa, @rrﬁééﬁpsétaénﬁc%w $®forf; (C) aldehydbsland esters such as
6 -tri chI oro-4,1' -tri deoxygal act osucr ose;

chl o
6o adionnd %%‘%@é @Zd anislp 2idehyde. cinnamic alighyde, cital, neral,
4,6,6"'-trichlor trldeox Iact SUcC[ 0se; .
6.1 . 6 -t r‘& r@? Oetgyllvargllmh pp[ﬁt&% megg%ga ,4vq;u@ncﬁfpg}aoamyl cinnamaldehyde,
4, 6- d| deoxy- al pha- D- gal act o- pyranosyl -1 , 6-dichloro-1 , 6-di deoxy- bet a- D-
20 f r uct of Rutyraldelyde, Maleraldehyde, citeanelieh decanal, gfihydrocarvyl acetate, eugenyl
1", 6" -tetradeoxygal act o- sucrose; and 4,6,1', 6 -tetradeoxy sucr ose,
and m xt urfesmataarawéhydmc-&@ldehyd@mg,baﬂeﬁydétﬁna,ez-ethyl butyraldehyde,

hexenal, tolyl aldehydé, veratraldehyde, 2,6-dimethyl-5-heptenal, 2,6-

15 dimethyloctanal, 2-dodecenal, p-methylanisol, and so forth. Generally any fiavoring
or food additive such as those described in Chemicals Used in Food Processing,
publication 1274, pages 63-258, by the National Academy of Sciences, incorporated
herein by reference, may be used. Other ingredients which may be used in the
flavor component include acids such as citric, tartaric, malic and the like acidulants.

20 Ingum compositions, the flavoring agent is generally present in amounts from about

0.02% to 5% by weight of the chewing gum composition.

The chewing gum composition may also contain a coloring agent selected

from but not limited to 'pigments such as titanium dioxide, which may be
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sweet eners such as thaumaoccous danielli (Thaumatin | and I1). The intense
sweeteners are usually used in an anount of up to about 1 % by wei ght based
on WOIBHS83| wei ght of the chewi ng gum conposition. PCT/USY7/17959
-42- WD 98/ 15189

PCT/ US97/ 1795 Lt

a f1 avori 18cARorRted it amaunts up-EB“:ab‘bhy?om t%ﬂosaﬁgﬁés bkﬁgﬁm oé’ikr éfqr
artisan, and |n | ude .nat ural, d.artifi flavar tin
Fepr ecent 1009 ofara Ap Oiss auitablR 17 dbog, 1 s posmetic sbibtons, knowh &8 "
spearm nt, cinnanon, oil of wintergreen (nmethyl salicylate), pepperm nt
(ment hol ) F.D.&C. dyesans lakes. Patmcgatloemtallfp%c aejorantsaadtheieaf, oi | of

nut meg, allspice, oil of sage, mace, oil of bitter al nonds, and

cassi a oi lgortd@pontind ¢iiéraical strctures vy ks foumet inthérkitk-Othmer Enctiapedia
such as vanilla, and citrus oils including | enon, orange, linme, grapefruit,

and of é}ﬁél‘hfca??é&ﬁﬁ&&gg"@“ it 7R Wofum@ TPkt s 857-w@%%§5r%§eer ry,

raspberry, 1 um_ pi néappl e, aprlcot and so fort

al dehydes ,and. est e such as 10 acet al dehyde, benzal dehyde, anisic

al dehyde, 'ﬁﬂhﬁY &M%y de, citral, neral, decanal , et hyl
vanillin, heliotrope, piperonal, vanillin, alpha-anyl cinnanal dehyde,
butyraldehyde, val er al dehyde, citronellal, decanal, dihydrocarvyl acetate,
eugenyl formate, al dehyde C-8, al dehyde C- 9, al dehyde C- 12, 2-ethyl

but yr al dehyde, Other conveatiemalladditives may dehysed invehewingl gleh compositions.
2, 6-di mret hyl -5-heptenal, 2,6- 15 di net hyl oct anal , 2-dodecenal,

p- met hyl af\tﬁﬂhgrea&%tﬁer aeﬁréhnoﬁanaaamws wnrcﬁ hObé BSed include tm:kémﬁg
SucC

additive S those described in Chemcals USed in Food Processing,

ncor por ;?éael%?%‘lcﬁaa%rﬁ?@k%%@“?% S, 3 %é&%&ﬁﬂ%n%ﬁrﬁg&%rem :

o T ™ gareb; Fagacanth. and 1agist PRRB. SHRUIENLS Buch asgnalis arid, dipic acid, Siric

conpositions, the flavoring agent is generally present in amunts from
about acrd tartaric acid, fumaric acid, and mixtures thereof, and fillers, such as those

discussed above under the category of mineral adjuvants.’

The present inveﬁtion can be employed to produce confectionery products
such as nougats. Nougats are a combination of whipped candy and soft candy.

15  Proteins such as egg whites or egg albumen are employed in which much of the
moisture is removed while the egg" whites are mixed with the other ingredients
including honey, sugar, nuts such és pistachio and/or almonds and flavorings. The
plasticized proteinaceous material of the present invention may be employed as a
substitute for the protein and/or conventional ingredients contained therein or as an

20 additive therein.
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0.02%to 5% by weight of the chew ng gum conposition. The
ctiewi ng gum conposi tion may also contain a coloring agent sel ected

from but noWO%8HSHd t o pignents such as titanium di oxi de, wWRGHUSHI17958
-43- WD 98/ 15189

PCT/ US97/ 17959 ynere are tWeypes of ﬁsugat RBWAY oudat dhdPdH n&@atbmm;éﬂ g Of

t he gum conposi tion, natu food colors and dyes suitable ood :

recrtati orbal baredd By LEMa &I pLCN, & rappe or ot rpiqERsRl meRiy o

structures may be found in the Kirk-Q hnmer Encyclopedia 5 of Chem cal
Technol ogy, 3' Edition, in Volunme 5 at page 857-884, incorporated

herein by reference. : O her conventional additives nay be
used i n chew ngTheshordnessor thenshewiness of thex batsheofaiougatés contreited by tae
addi tives which may be used include thickening agents such as

met hyl cel harcanfag eaéqudrab@%talmé éﬁQQ@%Dché%"&d?ﬁ%yﬂkﬁnmﬁéﬂ 8Lb4r or Abne ney that

car ob, tragacanth and | oCust bean, acidulants suCh as nalic acid, | pI C

215" 4 e oot o et iy Al GHEk oy, 06 -

category of ner al (dﬁsgants . T e present invention can be
enpl oyed t€P et navga) uspgliy, epatains a arges pefcdage ¢ sugar tangat s
are a conbi nation of whi pped candy and soft candy. 15 Prot ei ns such as
egg whi t esdoes theowhipipedgportior of the batalh. | Thavhighiacoaksd pértiohef the batch should
noi sture is removed while the egg whites are mxed with the other
i ngr edi ent 5e added slowly, to the whipped egg frappé, so that the heat of the high-cooked
batch will not cook the egg whites. The low-éooked batch, to which the egg whites
10 are to be added, should be cooled sufficiently that the heat of the batch will not cook

the egg whites and thus destroy their. whipping quality.

Chewy nougat should contain more corn syrup than short nougat. The high-
cooked batch should contain less sugar than short nougat. A batch of nougat that
contains equal parts sugar and born syrup of honey can become either a chewy

15  nougat or a short nougat by varying amount of sugar and corn syrup or honey used

in the high-cooked and low cooked batches.

The preparation of nougats is disclosed in “Choice Confections”, Waller
Richmond (Chapter 14), pp 251-267, Manufacturing Confectionery Publishing

Company (1954), incorporated herein by reference.
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I ncl udi ng honey, sugar, nuts such as pistachi o andl or al nonds and

fiavorings. The pl astici zed proteinaceous material of the present

i nventi on MO 9825189l oyed as a substitute for the prBECHIDRIZTES%r
conventional ingredients contained therein or as an 20 additive

t herein. ; ; i ini 7l

WO 98/ 15189 in gccordance with the present invention the plasticized proteiffdceous _
PCT/ US97/ 17959 There gre t types .qf pou . _.che nougat
and shor ¢ TlBgat canpeiampipyer in holodt ontils 1 idvifls drSitABle ipraciamis: eg
frappe or other protein-based materials. The shortness or

t he chewi While ghewing gamsierepioy srrfains whichrare insaldbley npugats and other
per cent age of non-crystalline sugars, such as corn syrup, invert sugar or
‘honey t hatchewable tbefebtibns typica!lyiare madielirt decordance) withtthe resatipedntion

manuf acture. The high- cooked portion of short nougat usually
cont aj NS & P tage of sugar. than does the whi pped portion
of tﬂ% baﬁgﬁﬁggﬁglhléﬁggooked portion of the batch should be added

slowy, to the whipped egg frappe, so that the heat of the high-cooked
batch wll not cook the egg whites. The | ow cooked batch, to which the egg

whites 10 are to be added, shoul d be cooled sufficiently that the heat
of the batch wiThe pedugtien of gums using the-plastipized praieinagassisqaatarials ofither

whi ppi ng quality. Chewy nougat shoul d contain nmore corn
syrup t harpresemnttinventipn redtire thatithe starting proteinlosdnilsture thateodibe water ai n | ess
sugar than short nougat. A batch of nougat that cont ai ns equal

parts suggnpssiBlec OTte fthiwatér MRBRIbIE NS UBe@iri 6 CustoPibrodd senBgugat
or a short nougat by varying anmount of sugar and corn syrup or honey used
and shall mean that the vast majority of the material in question does not dissolve in
10 water under typical processing conditions. Examples of water insoluble proteins are

zein, gluten, and lactalbumin.

Proteins which are typically water soluble and therefore can not be used in
chewing gums can be rendered water insoluble. Such proteins can be treated with
a cross-linking agent to create a cross-linked protein which is incompatible with
15  water. Such cross-linking agents must be of the food grade variety and include
tannic acid, poly- phenols, glutamic acid, L-lysine monohydro chloride, glutaric

dialdehyde, D-glucose and gluteraldehyde.

While the present invention has been described with respect to what is
presently considered to be the preferred embodiments, it is to be understood that
20  other embodiments are within the purview of the invention as encompassed by the ™~

claims forming part of the Application.
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I n the high-cooked and | ow cooked batches. The preparation
of nougats is disclosed in "Choice Confections", Wller Ri chnond
(Chapter 14WwO098(158881- 267, Manufacturing Confecti onery Publi siBCET/US97/17959
Conmpany (1954), incorporated herein by reference.
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PCT/ US97/ 17959 I n accor%%%ﬂgg%ﬁfh t he present I nvention the
pl asticized proteinaceous material can be e

ed i n nougat
products to provide desi MAJIGHING QR PROTEINAND PLA T'd@ERe chewi ng guns
enpl oy proteins which are insoluble, nougats and other chewabl e
confections typically are nade in accordance with the present invention 5
wi th sol ubl e proteins. The production of guns using the

pl asticized protigs fRAAHE sﬁ%%farﬁéﬁerﬁblér?ﬁrocedure fonpfdéﬁﬂfving &VﬁlQ&ﬂlélﬂer
require that the starting protein or ure thereof be wate

cone. - suleBig frFhmily Q!#ﬁ%ﬁ”t‘ﬁ'aﬁ%f%% stPrstBf{ 5 zbhnd cust oty br s

sense
qguestion does not dissolve in wat er under typical processing
conditions. Exanples of water |nsoluble proteins are zein, gluten,
and | act al bum n. Proteins which are typically water

sol ubS e and t heThe solubiliiy papameter foezeinns determined m\ndegtlfymgsocaaichlatmg its

rendered wat er insoluble. Such proteins can be treated with
total solubility parameter value  and the components thereof &y, 5, and §,,. The

respective solubility parameter values are shown in Table 5 below.

Table 5
Protein (P)fplasticizer |&5* 5 . 50 5,
(Jlem®)0® (Jlem3)0s (Jlem®)°® (Jfem3)°s
10 ZEIN (P) 225 16.402 5.06 14.483
Ethanol 26 - 26.5 158 8.8 19.5
Propylene Glycol 30.3 16.9 9.4 23.3
(1,2-propanediol)
62 - 6D2 + 6P2 + 6H2
15 The solubility parameters of a group of plasticizers is then obtained or

calculated. For purposes of illustration only ethanol and propyiene glycol were
chosen as the potential plasticizers for forming a blend with zein. It will .be
understood, however, that solubility parameters for a much larger group of
plasticizers may be obtained or calculated as shown, for example, in Table 1. The

20 solubility parameter values of ethanol and propylene glycol are shown in Table 5.
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a cross-linking agent to create a cross-linked protein which is

I nconpatible with 15 wat er. Such cross-|inking agents nust be of the
food gradeWRf¥SH8 and i ncl ude tannic acid, poly- pHRERUSST/1YPSAt ani c
~acid, L-lysine nonohydro chloride, glutaric . di al dehyde, Dgl ucose

and gl ut eral defﬁggolubilntygam%metervalueé"l‘Br& o Op B ? "bonS| déﬁéﬁ S been

descri bed with respect ethe

preferred adi nent der d that enhod

Bre i thib ”ﬁ@zs{ﬁ% ehoaripdr dF % ﬁo'aé’ﬁ etAfiatel Yayp 1B} 1 pORRGS ™
clains form ng part of the Ap/pl | cation.

- 46- within 15%)/preferabiy 86% of the corresponding solubility parameter value of the
PCT/ US97/ 17959 EXAMPLE 1

MATCHI NG glastieizBEhenND p%lwﬂ@"ﬂ Ghriiitered favorable candidEibes foplfbroninga bleads an
exenpl ary procedure for identifying a plasticizer suitable for

for Lfgng aF&f fieforttdin a@wd%l%ﬁélﬁéﬁsqm@&% TaBid 5, tﬁenr%%b?%ctwe slitability for _ 1he

solubility paraneter for zein is determned by identifying or cafculating

s eor (ErPPbEEb b BB Gyt ad Bl 20, e compenent

paraneter values are shown in Table 5 el og
r]*

Table 5 Protein (P)/plasticizefablp lerr]P

(J/crerr])[err] (J/cerrlerr] (J/coferr])[err]

(J/crerrf s i L El INek P) : 16 402

5 06 ﬁ'llo‘?élﬂ (Eglypast:mze; N?‘er 6‘?/ s % : %& 5 %?/ %05

8.8 19 5 _Progy A)avml( cm’) 4dJem gm

9.4 ZERS (P) (1.p- pf??@ed' 1) 16.402 506 | 14.483

10 Ethanol - ++ - -

Propylene Glyco!l C- ++ - -
(1,2-propanediol)

- difference in solubility parameter value > 15%
+ difference in solubility parameter value < 15%
15 ++ difference in solubility parameter value < 10%

From Table 6 it is observed that both ethanol and propylene glycol are
potential candidates for forming a blend with zein because each has at least one

- solubility parameter value (i.e. 6p) within 15%, preferably within 10% of the protein.
To determine the best of the two plasticizers for forming a blend with zein,

20 the free volume of each protein-plasticizer blend is calculated in accordance with

Formula [li as described previously. The results are shown in Table 7.
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[erf] 15

t-hen obt ai ned or

angyarespisyseene gl ycol
pl asticizers for formng a blend with zein.

et hanol

The solubility paraneters of a group of plasticizers is

cal cul ated. For

wer e

pur poses of

il lustration only

chosen as the pot enpPCrIUS97/17959

It will be

under st ood,

however, that solubility paraneters fog @l& ch | ar ger group of
pl asticizers nmay be obtained or cal cul # as shown, for exanple, in Table.
1. The 20 solubjility paranpeter values of et hanol and ropyl ene glycaol
are sho PPotgﬁ%E}%cbzg)' oeff Thermal | Glass Transition Free Volume
il 1p18 nsio Temperature BLEND
PCT/ US97/{17959 ;5@ P biIity ?S#Egs% va ues é f%rr?
[err], [err]lp and [err]lHIfor ¢ tein, ( plasticizer¥”are then
conpar ed. he sol ubi li gFgher vaI ue for Qe prote nis __
Wi thin 152 o NS Corresy SG —pa-arBt-ar—\al-de
of the PROPYLERE Ci zef theno.QIN pair fare consodered f hvor alg.e320
candidat € 5 For] the protein and] plasticizers
list&d in ' i o ty—f-0
\ghlh egch BTRANOE shown fn Tabows ) 118 0.0473
abl e T TAElr |[err ]
[err]H atareferencef’erﬁp rBlirg Tof 25°G© (Jcnierr])[err]

(J/cn{err])[err] (J/crr[erre])[err] ZEIN (P)

(J/cn{err])[err]
16. 4

++

, 2- pr opanedi ol )

3 10

. 4.48 Et hanol
- As shown wp‘.l'gplp 'érﬂaedglge@ |of zein and ethanol has a largerfree volume (1

- difference in solubility parameter value > 15%

+ differ efifdn the blendof Zeiry apdpropyiene\giyesd. [Aer o] theSeotwd specifrc blehtisy thece i n
solubility paranmeter value s 10%

blend of zein and ethanol would be expected to be preferred for processing as

10

15

compared to the blend of zein and propylene glycol for the formation of a plasticized

proteinaceous material because of its larger free volume value.

Once the potential blend or blends have been determined as described

above, the glass transition temperature of the expected end product (plasticized

proteinaceous material) is determined based on a selected volume fraction of the

plasticizer in accordance with Formula (IV) described above. The glass transition

temperatures of zein and ethanol are shown in Table 8.

Table 8

Glass Transition
Temperature Tg (°C)

82
-116

Protein/Plasticizer

Zein
Ethanol

20
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From Table 6 it is observed that both ethanol and propyl ene glycol are
potential candidates for formng a blend with zein because each has at

| east one olubility paraneter value (i.e. [err]) w

preferably motgt?inﬁm?O% of the protein. To dem#z/%%g
best of the two_plasticizers for formng a blend with zein, the free
vol ume of each fyos tisinfoemation sed the Bndwi@gﬁwfcalkieswdblerraagedodthu:glasst h
Formula 111 as described previously. The results are shown in Table 7.

- 48- transition teMp&@tureldfdhe end product, a suitable amount of zein and ethanol can
PCT/ US97/ 17959 Tabl e

Prot ei n/ Pl I
Expansi on @ééﬁﬂ@mfg%ﬁr Fitin til‘i‘éﬁlﬂnd \M’n@:&%@ tHed58 bF&tRssEl tdkP h'égﬁng and
éo[zggr I [ Kok sheag Qzﬂd{hgﬁg tg,m g\@asﬁmzed proteinaceoy_sgnqterial in

-60 ' 0. _03@2@5 GLYCOL ETHANCL 0.275
-116 3 accordance wih {ag present invenfion, r ef erence tenperature T of 25[err]C
As shown in Table 7, the blend of zein and ethanol has a | arger free vol une
than the blend of zein and propylene glycol. As to these two specific

bl ends, the 10 = blend of zein and ethanol would be expected to be
preferred for processing as conpared to the blend of zein and
propyl ene glycol for the formation of a plasticized pr ot ei.naceous

mat eri al because of its larger free vol une val ue.
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Once the potential blend or bl ends have been determ ned as descri bed
above, the glass transition tenperature of the expected end product
(pl astici zew0o 9885189 pr ot ei naceous material) is determ ned ba®ai/uss7/a7959

sel ected volune fraction of the plasticizer in accordance with
Forrmula (IV) described above. The gl géZEMﬂq:SZ tion t enper at ures of
zein and ethanol are shown in Table &

Table 8 . tein/PlastjcCi d ass
Transition FORMING PLASTICIZED PROTEINACEOUS MATERIAL
Tenperature Tg ([err]C) 20 Zein

82 l Batch Mixing Et hanol -116

49- . WD 98/ 15189

PCT/ US97/ 17959 Fromthis information and the know edge of a
desirable range for the gl ass . transition tenperature of the end

Pormng the: bl ohe E@HiE ninatss et o sdlodfittbr fffloing and pRSuRgBISere '
controll ed shear conditions to ,obtain a(}ma(ffSt i.ci,zed, protei naceous nateri al

in 55 SRS é)l@&ttqllzqrﬁézaﬁr%§“@cq3ﬁ reafed under the conditions of the

preseht invention to provide a plasticized proteinaceous material. This example

further illustrates the use of a high shear batch-type mixing apparatus.

Zein, milk isolates and gelatin are shown to be easily melt processed. Egg
white, whey and sodium caseinate are also shown to melt process but with
. 10 excessive aggregation. The latter diéplay increased torque values and limited
processability beyond a certain time and temperature over the former. All of the
plasticized proteinaceous materials formed in accordance with the present invention
exhibit properties which can be used to replace the syn'thetic ingredients in

chewable confections_.

15 The denaturation of the proteins is indicated by a peak in the processing
torque values (fusion torque values) due to the phase transition from the powder to
a viscous paste. Measurements of the torque values (a measurement of viscosity),
glass transition temperatures and the mechanical properties of plasticized

proteinaceous materials are provided.
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RPCT/ US97/ 17959 EXAMPLE 2

FORM NG PLA®D s9/i5E89 PROTEI NACEOUS MATERI AL 1. Bat clpOvvosomy79s9
This exanple illustrates that a sel ection of protei ns and pl ast i ci zers or

5 m xtures o | asticizer successfully treated un

condi ti ons of t%@g zein, egg \ﬁl?i%éﬂaik? ?‘?Qﬁ?r\"@t‘fyr "(5‘5' CRSHINAS; @F'Qé%?’ates
prot ei naceous material. This exa her illustrates the use of

a high s he@IeMp&ﬁOVW@sqmatp@ ér\almg) and gelatnn (GP-8, 250 Bloom) were
obtained from Freeman Industries, Clofine Dairy and Food Products, New Zealand
Milk Products and Hormel Foods Corporation, respectively. These commercial

'5 proteins were used as received.

The propylene glycol and glycerol were from Sigma and the triethyl citrate,
polyethylene glycol and sorbitol were from Morflex, Aldrich and SPI Polyols

respectively.

The butyl rubber wés poly (isobutylene-isoprene) copolymer (Butyl 077, Mol.
- 10 Wagt. = 400,000) from Exxon; the poly (vinyl acetate) was AYAC, Mol Wgt. = 12,800,

from Union Carbide; the Wax 175 was from Petrolite.

In these examples the proteins were plasticized using a C.W. Brabender
Torque Rheometer (PL 2,000) with a prep mixer equipped with roller blades. The
Brabender Rheometer is a heated chamber which fits over two irregularly shaped
15 rollers. A quantity of material is added to the chamber to 70% capacity by using the
following expression: Sample charge = 70% x mixer volume x specific gravity of
sample. The sample is melted, and the total torque required to turn the rollers in the
melt at a given rotational speed, which can be varied continuously, is measured with
a dynamometer which includes a movable gear box coupled to a load cell by means
20 of a torque arm. The unit is pre-calibrated but may be recalibrated. The polymer

temperature is determined using a thermocouple which protrudes into the sample
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Zein, mlk isolates and gelatin are shown to be easily nelt processed. Egg
whi te, whey and sodi um casei nate are al so shown to nelt process but with

10 excewd 98ASmYgr egati on. The latter display increased tgopmessraes®s and
limted processability beyond a certain tinme and tenperature over
the forner,. I t he . | asticized protel naceogus terjals foyned
in accor d@?ﬁ@% '(tlh"? H@ﬁ)?%@%ﬁ? &mﬁﬁ"f% values of torqug gY‘?x gpatemererapiren
can be used to replace the synthetjic ingredients in chewabl e

conf ect i oatconstantyotational speedns. Tiwnre (Xrauis).ANbrepraseptsdheiprecessability oft ed
by a peak in the processing torque val ues (fusion torque val ues)
due to t hipnepdensie! rEesidtalambuntofirhatepiaivdsed o the mixer was 250 @0 UThe a¢riqaie
Measurenents of the torque values (a nmeasurenent of viscosity),

glass tr Libd I ddifb i &% il zed
pr ot ei nagg%lgéég}n}trgrl a s‘ﬁggeaﬁgrrg\gigﬁed. W&Qﬁﬁ%ﬁﬁbe% ' %gmgggbﬂf%baq

PCT/ 3897/67

¥ Fout interyals gy cifergfit EinBaraiifs; TeStanios presbaf Ihe VLR 2o,

sodi dm ca

whey)), and gelatin (GP-8, 250 Bl oom) were obt ai ned from Freeman
| ndust r i eeonsidered-significagt t@themsint beipg ibisiratedw zeal and M 1 k
Products and Hornel Foods Corporation, respectively. These comercial 5
protei ns were used as received. The propyl ene glycol and
gl ycerol were from Sigma and the triethyl citrate, . pol yet hyl ene

gl ycol and sor fpbifile 18Exprésstit A9 rhbef-gris dbr s riswtoRFhefd?sY OTRese can be
respectlvely. _ :
easily converted to other units such as poise or pascal-sec. The unit derives from
the use of the Brabender Torque Rheometer. Because the torque déveloped is
10 related to the shear stress applied to the sample, the Rheometer can be used as a
Melt Viscometer. The rotational speed of the mixing blades of the Brabender
determines the maximum rate of shear to which the sample is subjected. Therefore
apparent viscosity = K, (Torque/RPM) and Shear rate at the Wall = K, x RPM. K,
and K are constants determined by Brabender for different types of bowl and blade.
15 The values for the mixing bowl (Prep Mixer) used in the present invention are K, =
10,760 and K, = 2.47. Based on these equations, at 30 RPM, the shear rate is

approximately 75 sec™ and 1 meter-gms (Torque) is approximately 360 poise or 36

Pa-sec (Apparent Viscosity).
The glass transition temperatures (Tg) of the plasticized proteinaceous

20 materials from the torque Rheometer were determined using a Perkin Eimer

Differential Scanning Calorimeter (DSC) 7 instrument at a heating ré;;_gf“20°Clmin.
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The butyl rubber was poly (isobutylene-isoprene) copolynmer (Butyl 077, Mol.
10 Wyt . = 400, 000) from Exxon; the poly (vinyl acetate) was AYAC, Mol

Wit . = 12, @odbs/15189 from Uni on Carbide; the Wax 175 was fpcaipdseptsabit e.
In these exanples the proteins were plasticized using a C.W Brabender

Torque Rheoneter (PL 2,000) with a pre 1 xer equi pped with roller blades.
The " ® "o Bealied geanRIESBSEPTGd A SaRle e i rort 1D oAl the

irregularly shaped 15 rollers. A quantit% of material is added to the
chanber tsanfiles weredried imanieveryat about 70°C befase|tbeitheymal @nadysiain: Sanpl e
charge = 70% x m xer volunme x specific gravity of sampl e. The
sanple is nelted, and the total torque required to turn the rollers in the
nmelt at a given rotational speed,. which can be varied continuously, is
measured- with ; ﬂyﬁgg%? bhiddid Ne

coupled to a IB%edp!:aesIuF&t?;gy FSrr}‘gans OLI %h%?ldé@ﬁ%ﬁgﬁ% @#ﬁnﬁd@?yﬁﬁ?@”@%
pre-calibrated,.but may be recalibrated.. The.pol r tenperature is
Get er m ndHCQUIELE] Wete ComprassisTLmpied Using:4 GaINer Hress @ coam fpperature at
-52- WD 98/ 15189 :

PCT/3US97/abrsd 8,000 psi ugingmelds withed' s 05" 00326t diroensiens (ARETM/BIGES). of
torque (y-axis) and tenperature at constant rotational speed vs. _
Time (x-axis), and represents the processability of ‘the sanple. The
total anmount of material used in the m xer was 250g. The torque

val ues weg e {N-ed and recorded by a microprocessor as a function of tine
at b5 half mnute intervals at different tenperatures. The tables
present the val ues considered significant to the point-being
illustrated. -

Zein powder was mixéd with different amounts of glycerol, prohylene glycol
and water for comparison, énd the mixtures were heated in the prep mixer of the
Brabender mixer from room temperature to 120°C at 30 rpm. The plasticization of

10 zein with water was conducted from 30°C to. 80°C to.avoid evaporation of water at

higher temperatures.

Table 8 provides the torque values as a function of time for plasticization of

~ zein with 20% plasticizer.
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Torque is expressed as "neter-gnms" or as "newton-neters". These can be
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Peaks in the torque'values, i.e. fusion peaks, which indicate the denaturation

process in the protein structure under heat and shear, were observed for all three

plasticizers. The fusion peaks occur at different temperatures when different

plasticizers were used, i.e., 60°C, 80°C and 100°C for water, propylene glycol and

glycerol, respectively. This indicates that the denaturation of zein varies with

different plasticizers and as related to their structure and solubility parameter

values.
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5 about 8,000 psi using nolds with 4" x 0.5" x 0.125" di nensions (ASTM D
638) . A ZEI'N: Zein powder was mxed with

di fferent wongnsmoeof gl ycerol, propyl ene glycol and peegngso7/19959
conparison, and the m xtures were heated in the prep m xer of the

Brabender m xer fromyro te rature.to, 120[err] C:at .30 rpm The

pl asti ci zati on*@p'eslwa'?gégf‘ﬂ}')‘?ﬁﬂ??f/ﬁ% tepr '@SHJ vétﬂ%a"q"?'ag‘?rﬁb'ﬁéﬁh]‘@ gpd
80[err]C to avoid evaporation of water at hi gher tenperatures.

Tabl e 9 pglass dransition tempepnatwve vakiesHor the plasticizedstein ipreddetaspa fmdtionzeft i on
of zein wth 20% pl astici zer.

- 54- plasticizer ¥¥t8R(. 15189
PCT/ US97/ 17959
Pl astici zer

_ Tabl e 9. Torque Val ues of Zein with 20%
- Tt 859! .F)usioniggnﬁeygﬂrgl(oc) of 2@@.@# ene d ycol

Wat er
829 +—0 +56 301 329
5 5 Plasticizer (%) Glg6érol Propylene &lycol Water 829
10 130 120 95
15 110 105 75
20 100 80 60
25 g0 70 60
10 30 90 -~ 60
Table 10b. Fusion Torque of Zein
Plasticizer (%) Glycerol Propylene Glycol Water
10 18800 15000 14700
16 18500 6500 6000
15 20 8900 6000 3900
25 6000 3300 2300
30 3700 - 1500
Table 10c. Tg (°C) of Plasticized Zein
Plasticizer (%) Glycerol Propylene Glycol
20 10 101 98
15 88 85
20 79 53
25 51 42
30 44 —
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3.0 711 2600 829
4:0 688 6144 829
5.0 WO 98/15189 40 5511 1198 PCTASITNTSS 6. 0

5042 3981 1244 10 7.0

6257 .

2185 Table @éésg\ows that the torqug?ggfés decrease in all 5.%895 and become

;‘233 constant afte%@éion of the proteins %g%l% further aggregatio%gc?%:urs. Melt

3140 805 . 1705 15 12.0 '

2842 processing of zein should be carriedigigoat temperatures whepdhr dorque valuesr que
val ues, i.e. fusion peaks, which indicate the denaturation process

i n the protegphaindonstantr This denfirmsithearebultsabtainedfrom tise toreiefvalugd.! t hree
pl asticizers. The fusion peaks occur at different tenperatures when

di ffegent bl i dd

To0] e ] ¢ Alhoush BIsHER of sSFY 1S Lt Actiphd by Garer IARIEd by pfoRhe QA an
This indicates that the.den ipon of . zein varie ., t.0 di fferent
pl astici ze® °§Wfi PQOr ng%dﬂgﬁ%'géﬁ%%r "&dre&i@ﬁ}ee gﬁﬁg%ﬂ%ﬁ- i Gotton SeRd ol
val ues. ' - 55-

WO 98/ 1518was also utilized as a plasticizer for zein in the above test butiungderthe7gsg
Tables 1 Ca-1 Oc provide the fusion tenperature, the fusion torqué val ues
and gkperimentah sonditions dugionalidnet eatures for the plasticized zein
product as a function of pl astici zer content.

Tabl e 10a. Fusion Tenperature ([err]C) of Zein 5 Pl asticizer (%

G ycerol Propyl ene d ycol Wat er _ 10 130
%0 Table 1q5provides the torquek?alues of zein as a fihidtion of plasticizer c&n%%nt
10 at 120°C.
Table 11. Torque Values of Zein in.120°C
Plasticizer (%) Glycerol Prolylene Glycol Water
10 15000 8500 12300
15 8000 2400 4000
15 20 2900 600 1700
25 800 350 850
30 500 - 600
The torque values decline exponentially with increasing amount of plasticizer,
and the drop is the maximum for propylene glycol. The torque values for water were
20 obtained at a lower temperature (i.e., 80°C). Propylene glycol is the most efficient

plasticizer among those exemplified.
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20 100 80 60 25

90 70 60 10 30 90
60 ‘WO 98/15189 Tabl e 10b. Fusion Torque of Z@CTNUS97/17959

Pl asticizer (% G ycerol- Propyl ene d ycol Wat er

ig 500 'IJa%?Q gg(%mws that a b@?&g%lgsquers (751%1 Z;RQ%oI and 25% prop%fg@go
6000 3900 5, B 6000 . . .. 3300
2300 glycol) can%? used to form a plggséguzed proteinaggeyis material with zein.

Table 10c. Tg ([err]C) of Plasticized Zein Pl asticizer (%

d ycerol Pr opy! enf@bl $20T(7C) of Plastlmzed Zain _

101 98 88

85 . . 79 53

5 Pﬁasthgzler Blend, @ 42 Tg (°C) 30

44 S Propylene Glycol (%) - 56- WO 98/ 15189
PCT/ US97/ 17959 0 Tabl e 10b showg that the torqgﬁ val UesS decr easp
in all casles _and becone constant affter fusion of e _proteins _as n
further adggregation occurg Melt pjocessi ng of ze|4@ shoul d be
carried o renpin_constant
This confifrms the resultsqgbtained fromtihe torque valuegg 5 Al t hough
fusi on of '

glycerol poor stability ntkes water undesijrable as a pl ag0icizer. Cotton
seed oil Was—at so uriiTzedasa prfsticrzer for—zerm rmthe—above—
test 1But under the 2@xperimental cofditions fusion38 d not occur.
Tabl e 11 pyovides the tOI‘é]éle val ues of zeln as a functloQ‘ Oof plastrcrzer
cont ent ' 2

®@Glycerol + Propylene Glycol = 25%
Table 12 provides g_léss transition temperature values of the plasticized
proteinaceous materials. The Tg values of zein as a function of propylene glycol in
15 the blend of glycerol and propylene glycol are given.l The Tg valué 6f zein reduces
to 35°C in the presence of (15% glyéerol + 20% propylene glycol) as the

plasticizers.
B. EGG WHITE:

Egg white powder was mixed with 30% glycerol, and the mixture was heated in

20 the mixing bowl of the Brabender from 30°C to 120°C.

Table 13 provides the torque values for plasticization of egg white.
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10

at 120C. Tabl e 11. Torque Val ues of Zein
i'n 120[err] C Pl asticizer (% d ycerol Prol yl ene d ycol
Wat er WO 98/15189 10 15000 PETAIS97/17959
12300 15 8000 2400
4000 15 20 i 600
1700 o5 Table 13. Torquez\Z%ges of Egg thte 3 50
850 30 566 &
The tor age ‘rahel@mm)ecl | 20%<Glyosrit | @8% Giycérol ﬂdcse%elw:etobt nBO% Glycerol
pl astici er gl J0oe VWatep | s+ R0% Waterum+f 2a%0neker qner QWWéterﬁe
torque vdl ues for wat¢r = q% pegh a enmger :
80[err] O} Propyl ene gl yCOgq 6 ?(%l nDstB@Jd | CI en Té@ge:tcSB plia s.tpélffd% amﬁng
those exquplified 57
WO 98/ 151189 08 2191 1218
PCT/ US97/ 170‘:01'0 4Zr'ab! e—+p—shows—that 1 Cné H—phastet zers 5%
gl ycer ol and 230 propyl ene7137 gl yc8229 can pe ugd@dsSto fqrma 138
pl asti ci Zlee—protertacgous—aterTatr TwtiT—zerm:
Tabl 8 12. Tg (B r]C jof PPR481icized zedh20 1896 Pl asfiB8i zer
Bl end, (a rrjC Propyrl ene
Ao (X a0 7391 9 A" 1253 175
Y 5.0 6251° 2791 896 277 4? :
40 10 0
25 6'0 614? 234r%6 /-a}?ézlr\nr . £+ gr nnuL F=Ya
dycol =2p% 7.0 TaBbeng povi dg33pl ass transzﬂz on terrpeerure
val ues of ke F‘n' ast++etzed i _Ut errraceousTretertat-s—re Tg vatues of
zei npoas a} funcBi®n of |propy+ene gl ycol i+ — 4967
8.5 — -— - 11479
As"shown in Table 13, the torque value_ of the mixture increased to 12,000 mg
after dehaturation at about 80°C. Table 13 also provides the torque values of egg
white from 30°C to 80°C with varying amounts of glycerol (20% to 30%) and fixed
15 amount of water (20%). The fused mixture of egg white with glycerol alone was very
brittle when examined after retrieving from the mixing bowl. Denaturation and
aggregation processes in egg white protein is rapid. Water/glycerol blends aliow for
the melt processing of egg white without excessive aggregation of the protein but as
indicated previously, water is undesirable as a plasticizer. The denaturation peak
20 (fusion) is seen at about 50°C followed by the drop in the torque to a constant value

at higher temperature {75°C). The fusion torque reduces when the amount of

glycerol increases in the plasticizer blend. No further aggregation of egg-white

occurs due to the presence of water.
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e T009y.2-§
15 the blend of glycerol and propylene glycol are given. The Tg val uof Py
Zein reduces to 35[err]C in the presence of (15% gl ycerol + 20%

propyl ene ®0OA84S)18%as t he pl asti ci zers. B. HEXASHHL TS
Egg white powder was m xed with 30% gl ycerol, and the m xture was heated in

20 1 T gt R B S A O e,

- 58- WD 98/ 15189
PCT/ US97/ PTOERSS. Tabl e 13. Torque Val ues of Egg
VWite Time (Mn) 20% d ycerol  25% d ycerol 30% G ycerol 30%
d ycerol Table 14. Torque Valueosh Bgg White- aP 2584/ BlymerolarkDS0YRL er +
0% Water - . Tenp = 30- Tenp = 30- Tenmp = 30- Tenp
= 30- . . 806 OlerfTC gulerr,] C
120[erre] ¢ __Time(Min.) ; p  75sec™ ,7pg 5%L902191 225 seni's
92 2 71 322 150
138 5 13 o 230 s 1896 265 138
4.0 73 44660 12 J.F@
5.0 452%%19 249~ 8@0 2720
6.0 6180 25685 89000 108800
7.0 6669 2237 942 +824+—+0—
8.0 4.0 1635 2000 4967 5143
8.5 1TTZ479
As shown i{n Tabl é-Q3, t he torqu?ﬁ%l ue of|the M8%Qre inckeased to 12, 000
" 10 55 1635 5555 —_—

6.0 1635 - — E—

7.0 _ 3000 — —_

8.0 7141 -~ ——

Egg white with 25% glycerol at 50°C was processed at 75 sec™ and 225 sec
15 shear rates. Higher shear rates provide additional energy to accelerate the

aggregation process.

Tables 15 and 16 provide further examples of the use of blends as
plasticizers with egg white as the protein. Varying amounts of glyéerol and sorbitol
were mixed in different ratios With the total amount of plasticizer content being

20 maintained at 30%. Before blending with egg white, the mixed plasticizers were
heated until sorbitol melted and formed a homogenous liquid with glycerol. | The hot

liguid was then mixed with egg white and processed in the mixing bowtl at 50°C.

Table 15 provides the torque values of the denaturation.
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after denaturation at about 80[err]C. Table 13 also provides the torque

val ues of

of gl ycer oWQ%i818% 30% and fixed 15
m xture of egg white with glycerol
exam ned after

€99

white from30[err]Cto 80[err]C wth varying anmounts
anount of water (20®CI/TN9%1795%ed
al one was very
retrieving fromthe m xing bow . Denaturation and

brittl e when

oo o e IO S b R ST G T
undesi rablie a i ci ger urgtipyo f U er
R A G T = tzﬁfﬁﬁéﬁ' : gi%% .
of gl yceqq) incregses i n3ng pI astl cizer 5guend Ng furt hﬂOG
T N ETEC TR A
PCT/ US97/ 7959 Tapre Iz showg the err ECl thashear —Tratetan
have %n the dena®Ring pi&édss. Tablle 14. ?Bﬁhue
it ol fai Wiy S ST ] T
2305 50737 1014 25 2176 210 2626
iggg 6.0 éggg 1360 éggs 3732 ;:J‘O 1843
1635 7.02500 1( 2063 5.5 6818 ﬂlf 35 1843
200010 808 0 4126 7141 —  Egd whitel&B2h 25%
dhtar Tatds. H oBA shear iifﬁi%‘éﬂev. de_addi 11 onarener ay |to accl@are 1
9.0 — — 1785
10.0 e — 1981
12.0 ——- e 2557
15 13.0 o —- 4227
13.5 —— - 6242

20

Denaturation occurred as was previously observed with pure glycerol.

However, excessive aggregation was delayed considerably in the presence of 15%

sorbitol. The higher amount of sorbitol in the blend was found to accelerate the

aggregation process.

The Tg values of the plasticized egg white material as a function of sorbito!

content in the glycerol/sorbitol blend are provided in Table 16.
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aggrégati on process. Tabl es 15 and 16 provide further

exanpl es of the use of blends as pl asticizers with egg white as the
protei n. \\w0oAa8g18nounts of gl ycerol and sorbitol - WerRCTUSEA7959
different ratios with the total amount of plasticizer content being 20

e oo A e un | THRETE Rt o et bR CT P 2oT 6L

with gl ycer ol The hot 1 n||| dAas—t-heRr—ai-ed—w-th =YeTe whi-t-e—ad
processed|in the m xi SGrH?@N(%?t 50[ err]C T'@bl e 15 provi dep
t he t or qu$—values—ai—the—genattration:

- 60- WO 98/ 15189 38

PCT/ US97/ }7959 rapfe 1I5. Torque Va_ues of EJgg Vit
at 50[err]C Ti%e (M n) 3094 d ycerol / 2537% d ycerol /

15% d ycerfor7 0% Sor bi t ol 5% Sor bi t ol

15% Sor bi fol 101 ¢ 392 = 564

1106 2.0 1452 224 27p7
5 3.0 15 1521 ' 1003 %4'8 2787

4.0 1176  op 2235 28%5 5.p
1014 2 2626 :
1360 Glycerol +5arpitol = 30% 1843 7 o 2063
6818 1843 10

1682 The Fgovalues drop with |mr@gsmg amount of sorbztol The op’umum amount 39
9.0 1785 10.-0
198110 of sorbitol c’hfh iBe used with protems as a plasticizer and a sweetener. Triethyl

2557 15

4227 -

6242  Cluateand ﬁt@/‘zﬁ lyeolwere also ulized as plasticizers frsag white B4t i th

consi der ab¥

pure gl yCer@%qrﬁh?ﬁé(pspggeiﬁ%leéd&dﬁ?%g%sﬁfs}’o% éﬁ%&%du?“ was del ayed

15

C. MILK PROTEINS:

Tables 17a-17¢ provide the melt plasticization of whey protein, sodium

caseinate and TMP with different amounts of glycerol at 50°C.
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sorbitol.
accel erate
the plasti
in the gly
_61_

PCT/ US97/ 1
Pl asticize
Tg

5

20

The Tg val
10 of s
sweet éner .
as plastic
fusion did
17a-17c pr
casei nate

10

15

20

25

The hi gher anmount of sorbitol in the blend was found to

the 20 aggregati on process. The Tg val ues of
WOIH/1EEY white materi al

as a function of sorbitol PCT/US97/17958t ent

cerol/sorbitol blend are provided in Table 16.
WO 9 f
2959 . Febh $7a. Torque ValueF% Wheg PEPte'P[aetrsr% 8 of
g g— A0 Seor-btot—349
Time (Min) 020% Glycerol 30% Glycerol 40%3Blycerol
drﬁ T6
1.0 5 484 392 564 s
28.1b ycerol} + Sorbl ol = "3U
Les dro%ovvlth i ncr easi rﬁi‘oarmunt of sor tﬁ% | . Thel opti nount
pr bi t ol , gan be uped w roteins as 0 st|C|zer and
Triethy Em'rr ﬁbgnd nro 21054 re alsdét'{ﬂilize
zers fpR e whjte b xper i nt al itiong
oo 30 99 “5565 ML %2 p ”F i

pvi de tge nelt p odi u1mp gﬂT
ST R — " 1359
10.0 — — 2212
11.0 — — 3294
12.0 — — 5275
13.0 — — 7763
Table 17b. Torque Values of Sodium Caseinate at 50°C
Time (Min) 20% Gilycerol 30% Glycerol 40% Glycerol
1.0 622 230 450
3.0 784 738 1039
5.0 1210 830 1362
7.0 1729 1279 1501
8.0 4091 1567 1755
8.5 7952 2236 2205
9.0 — 3285 2286
10.0 —— 5693 3394
11.0 — 7261 5460
11.5 — 9035 6246
12.0 — — . 6765
13.0 — — 8035
14,0 — — 9824
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- 62- WD 98/ 15189

PCT/ US97/ 17959 Tabl e 17a. Torque Val ues of Whey Protein
at 50[ er r] WO 98/15189 Ti me (M n) 20% d ycer ol 30% ETREIHLI7959
40% d ycer ol 1. 484 392
- 564 2.0 599 5
305 6o Table17c Tollque Values ofTMFB%QBO C 2995
6565 6062 —65-F
921 Timé (Min) 30% Glycerol 40% Glycerol 50% Glycérdh9
10.0 — 221210 —110
3294 10.0 1176 495 669 5275
13.0 7763
Tabl e 17b. Torque2 Qal ues of Sodit482casei ndt e at 1§@|5err] C 761 Tine
(Mn) P0% G ycer ol 30% erol 40% cerol 15 1.
622 5 3950 fodc” | Tes0; 738 784
738 39 1210 830
1362 B Q 21 11@70 17741 2790 876 1501
8.0 4691 2767 25571755 2( 830 8.5
7952 2226 2265 96
3285 6.0286 4209 10. 0 4607 853 5693
3394 10 7261 5460
11.5 7.0 71tp35 75105246 876
10 7.5 - 13284 9802 - 876
8.0 | — 969
12.0 T — — 2191
13.0 - — 2998
14.0 : —— — 3875
15 15.0 - — 4855
16.0 —— . - 6146
17.0 — ~— 7242
18.0 ——— — 8487
19.0 — — 9064
20 - 20.0 ' — — 9779

The data shown in Tables 17a-17c¢ indicate that 20% and 30% glycerol
cannot improve the processing of the whey protein as the aggregation process is
followed almost immediately after the denaturation step. However, 40% glycerol
delays the aggregation and improves the plas’ticization of the protein considerably.

25 The processing window for sodium caseinate increases with increasing amount of



25 12.0 _ 6765
13.0 8035 14.0
9824 WO 58/15189 - 63- PRI 89
PCT/ US97/ 17959 Tabl e 17c. Torque Val ues of TMP at
SGIO[ err] |C the plasticizers. rmols/l\(btmlene g@&%)@a&aﬁsolutvllzed%% ﬁlasnerzelr for wh8p%0
ycero
669 761 5
20 protein buitgg'lfer the expenmeﬁ%ﬁ%gndltlons fusion dl&rﬁ;g gccur o
2110 1774 2768
2557 830 6 0 4209 4607
853 7510 876 1
7.5 T_agmm 8a and 18b provg@dtle melt plasticizationgf@odium caseinate agdo
B 969 12.0
_ TMRGith propylene glycol 58 50°C. _
2998 14.0 : 3875
15 15. 0 L 4855
16.0 6146 17.0
19.0 5 7242Table 18a Torqt}e V%Iues of Sodium Casglgg% gh90°C. 20. 0
- Q779 The data shown in.
Tabl es 17af 1]?0;1’{?&'&%%)3 t hat 386/ PrplIeNe 4l Yﬂt@“/&)ﬁ’ropylene a”BQ% PraPyIe |
rocessi ng| o e Whey progein aggriegat | ocess
fp0| | OV\Bd g__m___l_mdlyafpoL L :\f L ?IV&QP gg grgf (Lén]xeéli Qn Gly l0
gl ycer ol deloays t he aggr egzm on and i mpr ov3$7t he pI ast | ci zggpon of
t he protei p—eonstderabty—125 Fire—procgssrmg—wndow-for—sott+tcasetnat
i ncreases With i n20easi ng jpnount 3646 1593 288
- 64-
3.0 3841 1870 254
10 4.0 4667 1778 242
.. 5.0 9288 1697 392
6.0 —_— 2055 622
7.0 —— 2586 899
8.0 — 3440 1464
15 8.0 —— 3209 2074
10.0 — 3556 2489
11.0 — 5033 2720
12.0 —— 7203 2858
13.0 ——— — 2996
20 14.0 - -—- 3123
15.0 — — 3181
16.0 - -— 3250
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WD 98/ 15189 PCT/ US97/ 17959
the plasticizers. Poly (ethylene glycol) was also utilized as a plasticizer
for whey WO9/MIH8®tein but under the experinental conditi oneCTAuSPTLIYISE d

not occur. Tabl es 18a and 18b provide the nelt plasticization
of sodi um casei nate and ' ol 50[err] C. 5
Tabl e 18a. Torque Val ues &a%algg%&ég?ﬁ{ﬁ?@&a&gwﬁ%%f?ég Ti me..
( M n) 3094 Pr nlh\JI| ane 409%. Pr. ﬁle_\JL] ane 5004--Pr Qp\][! ene
dycol Tim%M%' 30% Progyler®! | 40% Propylensl- § - 50% Propylene3291
877 50 Glycst 0 Glycol3646 Glycol 159
288 30 <341 1840 254
10 4.01.0 466750 1402 28842
5.0 9288 697 392 6—{
_ 2055 1026622 1356 7.0 449
2586 “3899 3.0 3440
1464 %5 3.8 0 1183 1832 3209 460 2074
10.0 3556 2489 11}0
5033 49720 14075 ¢ 2115 483 75p3
2858 .0 : ; 2996
= 4 o 50 2445 - 1781 737,
15.0 . 8.0 | 7242 1655 3181 1289 1640
- 65- VID098/ 15180 13642 1735 1646
PCT/ US9711f959 rafpre 180, —Torque Yatrues of— TP
50[ erl0] C 8.0 Time (Mn) -—-30% Prdpyl ene247140% Prjopyl end911 50%
Propylene 9.0 —_— 2505 2072

10.0 —— 3241 2222

11.0 - 4206 2268

12.0 — 6263 2337

15 13.0 — 8228 2394

14.0 — 9401 2464

15.0 — 9654 2510

16.0 L e— 9585 : 2625

, 17.0 — 9056 —
20 - 18.0 — 8837 —

The processing window for sodium caseinate increases with increasing
amount of the plasticizers as was seen with glycerol. Excessive aggregation was
not observed with 50% propylene glycol which was processed at 80°C. The data
shows that this protein can be processed for extended periods of time and it can be

25 used in continuous processes such as those using extruders. For milk Isolate
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G ycol

was seen with glycerol.

1.0
2.0

1026

1153 PCI/US97/17959

1407

TMP) 40%-dhd 50% propylene giYé8l eliminates excessivé3dggregation aswas 737
( ) 7242 Propy @§1655 1%%% g .

2115

7.0

Table 3®7prowides a comparigop of the processing windows for egg white,

regation was

not

nd TMP p‘lrgtegns with glycerol as-the plasticizer at 50°C.

5 G ycol G ycol
750 402 288
1356 WO 98/15189 449 5 3.0
1839 460 4.0
483
6.0
%2%‘2 observed for f&%@n caseinate. Theg}%‘f@orh@ue values are yg@: Bw.
2505 : 2072 10.0
3241 2222 11.0
4206 2268 12.0
6263
8228 2394 14.0
9401 whey, sodiuii@éseinate a
9654 2510 :
9585 2625 17.0
9056 ---- 20 18.0
8837 : . The .pr,oces.
caseihate increases wit hT?Hl,ar‘,e%ts Fﬁ%cessmg W‘E‘H@Wﬁf'"?ﬁ

Si n&Y‘\M r%dow for sodi um
HQ | asticizers as

observed with

Excessjve a
50% propyl ene gl ycol whi cthﬁg'qmio‘%ﬁﬁanatTmyeﬁ@@ommg dat a shows

that this protein can be processed for extended periods of tine and it can
be 25 used | tin esges as tho Si ext rud For

be 25 [U5flodrd) 627" | "URHS vIRRS°SPeS ARy S TPO%asShag O T I

WO 98/ 15189 PQT/ US97/ 17959

(TMP) 40% epe—glyreel—pl-r-hat-es—exeessi-ve—ag
observed fior sogsum casgei natgZs The jinal 4orque jpalues-are vegry | ow.

Tabl e 19 ( par-somof—treprocessrngrwrdows—f-ot tes
whey10 sodilum caB6i nat e{and TBP prot gins wdth gl ykcerol &8s the |pl astB6d zer at
50[-err] C

40 16 12 9.75 6.5

50 — - 10.75 15

In general, the processing of these proteins should preferably be carried out

at low temperatures (50°C to 70°C) with a high amount of plasticizer.

Tables 20a and 20b provide the Tg of sodium caseinate and TMP using

15
glycerol and propylene glycol as plasticizers, respectively.
Table 20a. Tg of Plasticized Milk Proteins
Glycerot (%) Caseinate T™P
30 59.5 60.5
20 40 - 46.4 53.8
50 41.2 34.8
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5 Tabl e 19. Processing Wndow Tine (Mn) for

Proteins at 50[err]C and Torque = 5,000 ngy d ycerol (% Egg
Wite VW0, 98/15189 Casei nat e TVP 20 PCT/US97/17959
3.75 25 7.5 10 30 8

4 8 . . . . 16

12 9. 75 Table%&g. Tg of Plasticized glalk Proteins -

10. 75 15 -5 gcularéulra! the P06 SS4 R of--thesg

pr ot ei ns shwb%pangf@;e@-loy(%y dar r| ed Gaﬁelnate at |l ow terrpe'rm:ur es
(50[err]C e rgtramommt—of——ptastterzer-
Tabl es 204 and 20b BOovi de the|Tg of sodd&h casei natje and TI\/P60:9 ng

gl ycer ol 35S prasticlZers, respgctivetry:

Tabl e 20a] Tg of Pl 49ticized M|l k Protei4d? A ycé88 (%

Casei nate 30

59. 53 50 605 40 40.6 40 —

46. 4 53.8 50 '

41.2 34.8

-67- As $oWS /i T4Bfes 20a and 20b the T%values dropr wnth tncreasmg amount
PCT/ US97/ 17959 | e 20b Pl astiCized MIk

.'?R/gt €iNS ofthe plasticlaie?%hfé?ﬁ. Bt pidtticizérs are shg@ﬂ?ﬁ'ﬂ@éﬁcxem in reducing the

60. 9 40 42. 7

48.6 5  Tgvalues. 50 40. 6

As shown in Tables 20a and 20b the Tg values drop with
i ncreasi ng anount ' of the plasticizer content. Both plasticizers are
shown to be efficient in-reducing the Tg val ues. -

Table 21 provides the torque value as a function of processing time of gelatin

10 plasticized with different amounts of glycerol at 80°C.
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Tabl e 21 provides the torque value as a function of processing tinme of

gelatin 10 pl asticized with different anounts of glycerol at 80[err]C
- 68- WO 98/151880 98/ 15189 PCT/US97/17959
PCT/ US97/ 17959 Tabl e 21. Torque Values of Gelatin
at 80[err] C ' % . Ol 0~20% G ycer ol
30% Q ycer ol -rlké'@.ew. nforque valh8g E%%quﬂr? at 80°C 738
277 2.0 13005 69
1257395 Time{Min). 10% Glycshéb 20% GlycerdP20{  30% Glycerol
2743 1.05.0 479216471 738 1014 277
3665 0.0 163817 10038
3965 207.0 1309617036 6984 10015 795
4518 10 6.0 16702 1007
48175 3.0 9.0 13845 16218 9220 10073 1579
5025 10. 0. 16056 10973
5209 407, 4 15168 [ o, 10119 Toh72 2743
5348 5.0 | 16471 10165 3665
6.0 16817 10038 3965
7.0 17036 10015 4518
10 8.0 16702 ' 10027 4817
9.0 16218 10073 - 5025
10.0 16056 10073 5209
11.0 15964 _ 10073 . 5348
12.0 p 16033 10073 5532
15 13.0 16195 10074 5601
14.0 - 15792 10074 5762

For each experimental run, the torque increases almost immediately
indicating the denaturation and aggregation proéess. The torque values remain
constant even when gelatin is processed for longer times which indicates that

20 excessive aggregation does not occur. Glycerol is shown to be an effective
plasticizer for gelatin as the torque value decreases with increasing amount of
plasticizer content. The torque values are lower when gelatin is processed at
higher temperatures. Plasticized gelatin can be re-processed after cooling similar
toa thermopiastic material. This indicates that the plasticized material can be very

25 useful in a continuous process.
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12.0

16033 10073 5532 15
13.0 16195 10074 5601
14.0 WO 98/1518%, 792 10074 5762 PCT/US97/17959

For each experinmental run, the torque increases al nost

I ndi cating the ' f; ' :
remai n o STEHatpisles SR ALHTHRG bBRaRRET Deads e e Yo HESIng
which indicates that 2 excessi ve aggregatiqQn does not .occur. dyceral
'S Shown SRS ik @R prReessNg terperailtes sand 1k 16 sRiEs found fir seyBral o
val ue decreases with increasing anmount of pl asticizer content. The

t or que val thspeaferred\piasticized proteinarecs materials @fle summarized in akle 22.
tenperatures. Plasticized gelatin can be re-processed after cooling simlar
to a thernoplastic material. This indicates that the plasticized materi al

can be very 25 usef ul TakeP 2 OSlimmty Of BRE PPSRIN Properties

i medi ately

- 69- WO 98/ 15189
PCT/ US97/ 1959 Hre—parameters—evattated—tr—the '
process, nanelMatenial pr olcesEIasgicizer florques mgl besTemp, 3Cocelsi n§ig, °C
tenperatur €5, ana_tne ng val TIeS, ~TOoUna 107 SEVETdr —of e preferTet
pl astici zefl pro€eimacequd®%dt@rials dre s rized i n13@bl e 2p. 42 .
Table 22. Pummary of t He30%delyrarabr ofderti 00 5 120t eri 44
Pl asticize Tor que, jngy Tenp, [4drr]C Tg} [err]C ' Zein
25% PG - ) 350 T20 42
30% d ycer I Egg Whito | 40% Glycera) 5000 44 50 Egp whi t34 407(0
d ycerol 5000 15% Glycerol + 5000 50 3815%
dycerol + 5000 15% Sdrbitol 35 15%
Sor bi t ol —Caseryate __o0% PG| B250 0
40 Caseinate | 50%B6Gd ycerq  325G000 80 50 40 41
TP $0% PG 50% Glycesno 5000 80 50 35 41
50% d ycer S000
TMP 50% PG 2500 80 35
50% Glycerol 5000 50 35
10 Tables 23 to 29 provide mechanical properties found for plasticized
proteinaceous materials prepared by the process of the present invention. The
decrease in modulus and strength, and the increase in the elongation at break
vames of the plasticized proteinaceous materials illustrates the efficiency of
plasticization process in providing a useful end product.
15 Molded sheets were prepared by compression molding the plasticized

proteinaceous materials proteins using a Carver Press at temperatures ranging from
80-120°C at 8,000 psi for 5 minutes. The dimensions of the molds were 127 mm x
114.3 mm x 3.175 mm which corresponds to about 50 g of material (assuming

density = 1 g/cc) for each molding experiment. Teflon sheets were placed between
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10 Tabl es 23 to 29 provide nechanical. properties found for

pt astici zed prot ei naceous materials prepared by the process of the
present i nYEQPSBHE? The decrease in nodul us and strengPET/USIIL795%
increase in the elongation at break val ues of the plasticized

br ocess | APIORAT %*g‘aéﬁﬁ's'ﬁ‘%ﬁf bEfeF s Sl By ﬁ’%ﬁ@p'%'ems oGS selisfd ' "
rat or ol & BRI RESTRRE e tha PRI oAty 1 rdeiotetemmisfer  om

80- 120[err]C at 8,000 psi for 5 mnutes. The d| rren5|ons of the nolds were
127 nm x mechanlgglap@pﬁm$§ of theplasticized Brateinasspes matedalshthe meideq sheets
mat eri al (assum ng density =1 g/cc) for each nolding experinent.
Tefl on shegé¢re ewtrin 127amarix 12t7wmenx 3.175 mm dimensions. A band-saw was used to
-70- WO 98/ 15189

PCT/ Us97/ Jguﬂftﬁe sheets intd tHe quQﬁr%HrHvﬁféﬂsth% é?&@rhe@f‘ﬂﬁé’?;aﬁ@ @bije ﬂ[?’ﬁcult to

sticking problenms during the sanple renoval proce

of the pl ALY ba%@% o MRt 5n FhdelertS e it ueipdcs Barksie a8 REY oy ¢

cut in 127 mmx 12.7 mmx 3.175 mm di nensi ons. A band-saw was used to 5
cut the s H@@'f%WWtQS"‘I‘%e Tteﬁ'&l!ﬁ’ tesiing; was sagied Qut anpae lstran Sesting Systamr e

difficult to cut using a blade. The gum base ingredients were cut
usi ng a hassikgial H0CGikg tdeg cell at 50.8vamémireon temsitet $pecifens iWith $5&.8tmngg
carried out on an Instron Testing System using a 100 kg | oad ce

50.8 nm mg 1 iR WiBBCam® 831 78 rhih fickhedB 6 mn
wi dt h and 3n f7’15 mrwlﬂﬂhl ckness follow ng the ASTM%[gﬁggghﬁeA%ﬂg@gtsg mé&lﬂ?

resufgs roprePelit rRAPraEiE 8 flerdle bPaPoall 18 REELIRINS foPealRPladidodd ¢! 2ed

proteinaceous material. The following tables summarize the mechanical properties

of the plasticized proteinaceous materials.

Table 23. Mechanical Properties of Plasticized Zein

ZEIN/ Maximum Stress Modulus Strain at Break
15 PLASTICIZERS (Kgffmm?) (Kgfimm?) (%)
10% Glycerol 24 1045 26
25% Glycerol 1.2 87.0 1.9
30% Glycerol 0.7 47 .4 1.7
15% PG 2.3 85.9 3.2
20 20% PG 1.0 - 438 18.2
25% PG 0.1 52 292.0
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pr ot ei naceous materi al. The foll ow ng tabl es summari ze the nechani cal
of the plasticized protei naceous materi al s.

properties

Tabl e 23. WERRHIN®NU Properties of Plasticized Zein PCT/US97/17959N/
Maxi mum Stress Modul us Strain at Break 15 PLASTI Cl ZERS
(Kgf/mmierr]) T4i916/287 Methanical Propertiéddf Plasticized @éfatihy cer ol

2.4 04.5 2.6 25% d ycer ol

1.2 875 79 36%-Grycerot

0.7 GELATIN/ Maximum Siress Madi G Strain at Break
2.3 PLASTICIZERS (Kgffmm?) 3.2 20 (Kgf/ma% PG (%)

1.0 4376 182 2 5

0.1 10% Glycerat —-—-  292.( - ~——

-71- ~VD 987 15149

PCT/ US97/ 1f79520% Glycerol O0.%abl e 24. MecA8@ cal Properti 4833

Pl asticizgd tA ATI N j mum St f ess

Mbdul us %‘gtdﬁgﬁﬁm;lf reak o3 PLASTLCI g/ﬁgq (Kgf m
(Kgf/mmierr]) (% 10% d ycer ol _ 5 20% d ycer ol
0.7 153. 3 30% d ycer ol

0.3

0. 7Table 25. MechanicabPrdberties of Plasticized Gliadin Tabl e 25.

Mechani cal Properties of Plasticized diadin GLI ADI N/
Maxi mum StFess Vooarus ., StTal[m_at _Br cak I‘Lf\ﬁf‘?ﬁﬁ%
(Kgf/ mi erf]) GLIADINGf / mi] daxipnum Stress( %@ 10 Modulus 309 yRsain at Break
0.2 PLASTIGIZERS Kgf/mm?131 (Koff®3) G ygerol (%) 0. p5
0. 08 293 50% O yCEerjol 0. 02 0. P2
398 10 30% ClycerolTay e 26.0-Rechani cdl Propefties of |Plasti#8%ed Egg
\é\:‘nr;?n " rﬁﬂ%%cwl-ra I\/bdfbgum Strgss 0.08 Moddl us 203
50% Glycerol 0.02 0.02 398
Table 26. Mechanical Properties of Plasticized Egg White
EGG WHITE/ “Maximum Stress Modulus Strain at Break
15 PLASTICIZERS (Kgf/mm?) (Kgf/mm?) (%)
20% Glycerol 1.8 91.1 3.3
30% Glycerol 1.1 30.4 751
40% Glycerol 0.8 14.9 93.1
50% Glycerol 0.5 4.5 81.4
20 25% Glycerol 1.5 43.8 775
5% Sorbitol
15% Glycerol 1.6 58.7 6.2
16% Sorbitol
9% Glycerol 2.2 78.6 3.4
25 21% Sorbitol
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15 ’ PLASTI Cl ZERS (Kgf/mmierr]) (Kgf/mmierr])

("% 20% d ycer ol 1.8 91.1 3.3
30% d ycer(W098115189 1.1 30.4 75 PCTMUS97/17959 40%
G ycerol ' 14. 9 93.1 50%
G ycerol anical p}r@es of Plasticize 25%
a yeer ol '%t'i_ig 27. Mechanical Pro ticized Sgéuﬂ%é%selnate 20
Sor bi t ol 3500y cer-ot 16 58—+

6.2 CASEISATE/t olf Maximum Str@%’sGl ycer dModulus 2. 8train at Break
7?-26 PLAST!Q(Z&R§5 ~ (KgfAdm® Sor ki t ol (Kgf/mm?) (%)

PCT/ US97/ 1|7306% Glycerol TablSe 27. chani 8.3 Propert|i es of 16.8

Pl asti ci zgo—Sodiurmm Caser ngt e CASET NATH, VBXT TjUm ST ess

Modul s | 40% Glyeard at Break 0.3 PiAsTI ¢ ZERS (Kgf 8 err])
(Kgf / nm erfr (% % d ycerjol 0.19

30.3 ga% Glycergl 5" 5 406/1)q ycer ol 18 0. 44.3

7.1 25. 9 5 G ycerql 0. 14

s 30% PG 983y 2114 0 18.5

21.1 40% PG 18 5 4% PG 1.9 0.2 41.8

1.9 445 50%6-PG- o—%

0.7 50% PG 52.5 10 0.1 Taljl e 28. OvEchani cdl Propsgts es of
Pl asti ci zed—VWiey Concentrare VAEY7 VBXT TTONT STTE55
Modul us Strain at Break PLASTI Cl ZERS (Kfg/mjerr])
(2592’13‘“ errl) Tablg%ﬁ Mechamcglgﬁ? er_O %%? gf) i’lastucnzed W@ey Concentrate

3.5 6.5 1 Iable 29 Mechanical Properties of

Plasticized MI t NP/ sMa
ot “F 0 S Mg stosenlf, o™ 1SR S

2
(Kgf / m{ erel) ) 2004l V.G

2789 30% %Iiyééngc 59%4%3;?@3;? ° 261 O- 20. > 2.9
1.9 40% Ghyéetbl 30%.7PG 3.5 0.5 6.5
14. 4 £3.0
15 Table 29. Mechanical Properties of Plasticized Milk Isolates
TMP/ Maximum Stress Modulus Strain at Break

PLASTICIZERS (Kgffmm?) . (Kgffmm?) (%)

30% Glycerol .08 - : 27.9 17.2

_ 40% Glycerol 0.3 6.8 51.4

20 50% Glycerol 0.2 1.9 57.3

30% PG 0.5 14.4 258

40% PG 0.2 1.9 416

50% PG o1 | 0.5 47.9

Table 30 shows the mechanical properties for traditional gum ingredients.



40% PG 0.2 1.9 41. 6

50% PG 0.1 0.5 47.9

Tabl e 30 SMOWS/15888 nechani cal properties for traditional guPRCIVIIRIZMTISHt S.
- 73- WO 98/ 15189 _

PCT/ US97/ 17959 ; [ .S of Gum
Base | ngredients Table 30. Mﬁ&ﬂ%1%égﬁ)¥?%$}gg§§%éﬁfs Modul us
Strai n at ~Break gr-ep-

(Kgf/ nm{ efr ]INGREDIENTS(% Maximum Steess/| | Rubbeiodulus ®teHiA at Break
(])-90451-4 299. 4n4\ i (ngg) (Kgf[mmz) Ol (%)

1L
A" FIaEw A v ay VO ITTI =y

11.2 Butyl Rubber7. 5 0.015 Tapl e 310/043Vvi des | seR9OI4

eval uat i ofrof—severa—of e prasticrzed TOtETr Teceous—aterTats—
prepared | RVAHAYAC)r seciion. O effectp upoﬂgcé')newi ng 0er e

eval uatedw a panel 0l pErsons_skilTlTed Th the gumarts. |lable 3L conpargs
t hes€ seng "?Z‘FL ults with t hos®%hat woul d be Mledicted For théfe

pl asticized 10 prot ei naceous materials by a conparison of their

mechani cal properties wth the mechani cal properties listed in

Tabl e 30 for tHablEBRYBblRS a SEHBCTY BYANRRMLR: of )
(ubbery) . VA Cots oL Bhy o e ) RE L oumars oo M Flaseedt

Cancory.  ProtatEBls el Biefarad i e o CRRAiony STREBHS JHeFCiebos osea

on their nmechani cal 5 roperties.
were evafuated be a paRel & persons skilled in the gum arts. Table 31 compares

P~

these sensory results with those that would be predicted for these plasticized

10 proteinaceous materials by a comparison of their mechanical properties with the
mechanical properties listed in Table 30 for the conventional gum components;
butyl rubber (rubberyy), PVA (stretch) and wax (waxy). The comparison shows a
correlation between experimental sensory properties and the predicted sensory
properties of the plasticized proteinaceous materials based on their mechanical

15 properties.
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Tabl e 31. Conpari son Between Anal yti cal

and

Sensory EvNQ /15389 PLASTI Cl ZED SENSCORY PBEAUSRATLTRP
ANALYTI CAL PROTEI NACEQUS : ( BRABENDER
EVALUATI ON i ( MECH.
PROPERTI ES) 5 Tabls 31, %&M Between Analytical Ww Evaluation vy
% Strain ifs—town 400e-S-EY SOOI
Waxy, % Stirai n PEASTICIZED SENSORY EVALUAT]ON (E. G ANAANNTUBAL
{ﬁ' at It \ée| ybh' PROTEINACEOUS ko s (Bgl}f«BENDER Vit GIIEV\],EAR';UWQ\IG
an the gbove NT'E‘R b % APE ROPE %
Vaxy, % Stp—ad— S@ 4 CTU#IALS Eey ( MNo—+EACHH-Na—(E—
WAX 1§5) | 30% GAEW G WHEY PE WAXAXY; STI|CKWaxy, % Strain Watow %o
Strain is jrow VIR 5096
G CASEI N | 40% G/EW RUBBERSOFT WAX, LOWMIRry|, o%\Whaxyi % Straimigh 1
30% G TWP RUBBEREBGNOCARNUBA); \axpelafively highn  Seftepw
EEEQKS G?ﬁDUALLY _ 40% PG TP LEACHING thaBRdbove sample. =
ery, % St~ r—s—hrt }T 569 PETivP- RUBBERY—B+-
Rubbery, % 5% n 168 GIEW BIRMERCEHAN ABOVE; Waxy, % StriBiERw
Rubbery, % Strain is very NO LEACHING (E.G.,
hi gh Based on the|above w,q)(uqts)on t he machanl cal propertids
of the pl Sttt IUL_C raceots—aterat-s—ear—be—tused—t+o—defrire
their util |40%8@IWHE\Corrponent st WAKXY; STICKY ;EXTRUDERY&BEPARAHEION low
This exanpll e illustrates the use¢ of pr[QMWrwnn)«tures with plasticizers to
50% G/CASEIN RUBBERY Rubbery, % Strain is high
10 30% G/TMP RUBBER BAND; Waxy, % Strain is low
BREAKS GRADUALLY '
40% PG/TMP RUBBERY Rubbery, % Strain is high
50% PG/TMP . RUBBERY; BITTER Rubbery, % Strain is high
30% G/GELATIN RUBBERY Rubbery, % Strain is very
high
Based on the abdve evaluation, the mechanical properties of the plasticized
15  proteinaceous materials can be used to define their utility as gum components. |
E D RAT
This example illustrates the use of protein mixtures with plasticizers to
prepare plasticized proteinaceous materials. An extruder was used as the
20

processing apparatus.
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PCT/ US97/ 17959 Protein-pl asticizer blends were nelt processed

usi ng a count eg- atyl : | L 0 Ltg)% C :
Brabender) w f’?]m&r%["gé'?ﬁg"'%%’r%'ﬁ“ggg‘fgﬁggﬁe'&ﬁ%e}%%% réo oFéraqo\#%%n die..
The extruder, has,three barrel he / cool,i t.e rature and 1. ., or 2
e s onesconica) twinkaiew PRI T Byabentien it TRretid sErsl Patipoadarits fe s
end of the third zone and the die, respectively, in order to nonitor the
pressur e raxidor a ribbondie Tbetextrodee has dhreedeareldieater/eselingiesnpgrabaesand A |
of the processing parameters, including the torque and the rpm

coul d be gopdietdrist. b pressureutarisducer and anithenwaocodplieesedeyatpachedost ther i ng
the extrusion of the plasticized protei naceous material . Typi cal

procgssi nghg ?Emetthﬂ?%tdﬁ @&&é 8id, p§pectivellf in ?rger to mor‘ﬁfd?%é?ir%ﬁsure and

Tenperature ones 70 °- 100 err rocessi ng

;?;ggﬁr o the melt temperature during the extrusion %Qgcéssgggl? ogg@ Br,gcessing Head

RPM 20 - 40 :
The pr ot eparameiess, includingdbeitarauerand the rpnytaidd berepntaliediea computes| y
15 m xed with different anounts of plasticizers. The m xtures were then

extruded @yd were direcfly pedntayd diwimg the exiglsioh of e piasticized proteindeemss wer e
collected in the strand form and were anal yzed.

material. Typical processing conditions were as follows:

10 Processing Temperature (Zones 1 to 4): 70 -100°C

Processing torque: - 500 - 3000 mg
Head pressure: 80 - 600 psi
RPM: | - ~ 20-40

The proteins were pre-mixed in different ratios, and were then vigorously
15  mixed with different amounts of plasticizers. The mixtures were then extruded by
feeding them through the hopper. The extrudates were collected in the strand form

and were analyzed.

The torque values of several of the plasticized proteinaceous materials

determined during extrusion are presented below in Tables 32 and 33.
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of the plasticized proteinaceous materials
extrusion are presented below in Tables 32 and 33.
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Tabl e 32: Torque Val ues for Cel ati n-Based
Bl ends with 30"/°r§b163320’rorque Values forPG@taQinnBé%d’ BRnds WIth 30% Glycerol

Casei n @iadin
2600 2600 —~16- 2107
1000 Protein (#)0 5 T™P 30 Casein 2500 Gliadin
2500 2000 50 7000 5010
2500 0100 260013000 2600 800§ 2600
5000 - Talil e 33; rque Val ues of el n- Based Bl e w th
30% PG 0 protdin (ot 0 1800
Caseiyn 10 0 '
Too0 S 30 g 2500 =l 2000 .00
30 50 1500 4000 26(Hboo 2500 S0
2000 3466 +66 400D
10000 1§ 100 The e><t rudd@0p0ot ei n $trandBOGY e cut Jand cBQOCeSSi on
nol ded at "about BUTerryC atr_g, 000 psi.  The mechan calpropertTes
wer e determ ned using the sane speci nen di mensi ons and testing ‘
conditions as descr n 34- 1 ri ze the
properties of the vﬁﬁé? ﬁ%‘@?%&ﬁf ﬁ?’@ﬁqﬁ?@&ﬁ?nﬁﬁt"\ﬂﬁ? gﬁ%’%
Tabl e 34. Mechanical Properties of Gelatin/ Sodium Caseinate/30%d ycerol
20 BL END RA Xi mum [St ress l\/bdul us “at Brehk
Kgf / m{ er r{ ﬁk@g}lwf‘ e 9 TMP 90- sl p
1.6 10 184 20 1200 1200
10 2000 2000
30 1500 2600
50 2000 3000
100 14000 10000
15 The extruded protein strands were cut and compression molded at about
80°C at 8,000 psi. The mechanical properties were determined using the same
specimen dimensions and testing conditions as described in Example 2. Tables 34-
41 summarize the properties of the various plasticized proteinaceous materials.
Table 34. Mechanical Properties of Gelatin/Sodium Caseinate/30% Glycerol
20 BLEND RATIOS | Maximum Stress Modulus Strain at Break
(Kgfimm?) (Kgf/mm?) (%)
90 Gelatin:10 Cas 0.62 1.8 184.2
70 Gelatin:30 Cas 0.48 6.3 52.0
50 Gelatin:50 Cas 0.47 5.5 83.3
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Gel ati n/ TMP/ 30% Gl-ygﬁ

0. 47

0.48

WO 98/15289 08/ 15189
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Tabl e 35. Mechani cal

yemanlwﬁbt%ﬂ@np@sTb@elatWM%@?ﬁé?f diter)

5.

6.3
5

52.0 50

83.3

PCT/US97/17959

Properties of

Modul us Stralrn at
(Kgf / m] erpg—3=3— 4 90—Cet-att—+0—FhP-
22246 c BESIbEhégllﬂAﬂO% 0 Tl\l\;lpéﬁimﬁai Strgaslz-‘z1 30 TMPModulus O. Z Stram at Break3.
- atin fimm? flmm’Z
97 6 Tabl 3 (%vllal?l \J(J.I rrUéI§L i CJ )UI L A+J; nlg
d ycerol 90 GelatiBIETMMRATI S  0M8i mum $Htress 0.84 Moful us 2146
Strain at [Break— - TRgf7Tme) tKgfrmierrt
(% 70 Gelatin: 3@ iTMA ( 0.6. 34 3.9 0.63 1256 233
Giadin 1 /0 Ifn: 30 0. 79 ). 75
215. 0 50 Gelatur@&j"&% 0. 450 Cel i n° 50 4.4 0l 20 97.6
0.52 256. 0 . Giadin Tabl e 37.
Mechani cal Properties of Gelatin/Zein/30%d ycerol 15 BLEND RATI OGS
Maxi mum Stress  Table 36. '\'Mé%héﬁlcal Properfiés of Ge?étnﬁGﬁéBmlSO% Gla/cgrol
(Kgf / nmR) (Kgf/rm{err (9 el n
0. 41 43.0‘-!- 2 IU \x’l lel T. \JU l_tl‘l‘r n 2
5.4 BLENDSRATIOS Ma&0mGet Stress 50 Zei Modulug. 48 Strain at BreaRO D
9.1 Tabl e 3§4. MeKogimm3 Pr pert(l@lmﬁz)Zel nj Sodi un{%)
Casei nat e/ 809 PGC—20 BrENDRATICS VT T Stress Modotos
Strain at [Bre3kGelatin:10 0.34  (KPBAnferr] 2336
(Kgf/mierf]) Gliadin (% 90 Zein: 10 Cas 0. 09
1.6 16G. 8 g Zein: 3¢ Cas T T
159. 40 70 GelaAin:3050 |Cas 0.07 075 0.3 215.0
152.9 Gliadin -78-
50 Gelatin:50 0.20 0.52 256.0
Gliadin
Table 37. Mechanical Properties of Gelatin/Zein/30% Glycerol
15 BLEND RATIOS Maximum Stress Modulus Strain at Break
(Kgfimm?) (Kgfimm?) (%)
90 Gelatin: 10 Zein 0.41 1.1 164.2
70 Gelatin:30 Zein 0.28 54 34.7
50 Gelatin:50 Zein 0.48 20.9 9.1
Table 38. Mechanical Properties of Zein/Sodium Caseinate/30% PG
20 BLEND RATIOS Maximum Stress Modulus Strain at Break
(Kgfimm?) (Kgffmm?) (%)
90 Zein:10 Cas 0.09 16 166.8
70 Zein:30 Cas 0.1 1.9 159.4
50 Zein:50 Cas 0.07 0.8 152.9
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Tabl e 39. Mechani cal Properties of Zein/ TMP/ 30% PG BLEND RATI OS
Maxi num St wWe9$/15189 Modul us _ Strain at Br eak PCT/US97/17959
(Kgf/mmierr]) (Kgf/m*r[err]) 90 Zein:10 TMP
0.03 0 TNP ' '
o3 Fabib 39. Mechanical Préggrt%sf)of Zemrrgﬁﬁg%ﬁ)érb
O. 04 n /I’J 2%% Tahl -9 /|n
N'Vgcha”i Cg BLERD RATNOY gel}nakﬁmﬂn\e!tréﬁ D% G ModUils StrdthENBrBAK! O
2
(Kot ) L gt v mmpors promm) =1 PE " WK oo b mac®l
1.1 90 Zein: 159l'lﬂP 003 2 7 0.480 Zein 50 EV\4096
1. 0 '-I-J_ Z 5 & ﬁ— -1':61"0 C CI-J_ IVU\.,IIClII; U A
Properti ep @0 Zaih:30 TMBaski nat e/0Z@4 n/ 30% [d ycer €.65 BLENB3@ATI OS
Maxi mum SfTESS. . VD HI us Straj N at _ Break
.(Kgf Anm ef r PP Zein:50 TMP | (kqf / B@4rr]) 0.43 99 323284 : 19
Cas: 19 0.5 11.3 45.1 Zei n
-79- .
Table 40. Mechanical Properties of Zein/Egg White/30% Glycerol
BLEND RATIOS | Maximum Stress Modulus Strain at Break
(Kgffmm?) (Kgffmm?) (%)
80 Zein:20 EW 1.1 59.3 27
50 Zein:50 EW 1.0 41.2 5.6

10

Table 41. Mechanical Properties of Gelatin/Caseinate/Zein/30% Glycerol

BLEND RATIOS Maximum Stress Modulus Strain at Break
, (Kgffmm?) (Kgf/mm?) (%)
31 Gel:19 Cas:19 0.5 11.3 45.1
Zein
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GUM PREPARWD WNISW9TH PLASTI Cl ZED PROTEI NACEQUS MATERI ALS PCT/US97/17959
This exanple illustrates the preparation of gum bases and chew ng guns
cont ai ni ng pl asticized protei naceous E'! §I§ of the present invention.
The 5 exanple illustrates both t S pre-made pl astici zed

b asent i nvoRUNHPREAARATION YT REASTIGEAS PROTelSaLe RIS MRTE RIS "

I solation of the plasticized proteinaceous nmaterial. Both the use
of a m xing bow (batch operation) and extruder (continuous operation) are
i1 lustrated. 10 A Gum Base Preparation: Thi s exanpl e

i Il ustrates thehis epample Nastratesthelprepardlioneofayurh ¢aséd amdcthewing gunfy?
illustrate the use of plasticized proteinaceous nmaterials as prepared in

accordanc Pl e g{garg : hel ¢ he

preparati gzﬁmélnmﬁ dlg%tf a g hc]ﬁ%ggaec@ Pﬁsgrr‘laetg?? ep, | %?r,ééﬁlttlhgﬁﬁﬂo g i on of

the %I ast 'eg('aﬁepﬁie R(u%‘r%kensaggf?\utﬂe u155e of pr@&gaé%lasticized proteinaceous materials
prepared according to the process of the present invention and the formation of the
gum product without isolation of the plasticized proteinaceous material. Both the

use of a mixing bowl (batch operation) and extruder (continuous operation) are

illustrated.

.10 A Gum Base Preparation:
This example illustrates the preparation of gum base. Subexamples A1 and
A2 illustrate the use of blésticized proteinaceous materials as prepared in
accordance with prior Examples 1 and 2. Subexample A3 illustrates the preparation
of a gum base in one step, i.e., without isolation of the plasticized proteinaceous

1S  material.
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PCT/ US97/ 17959 Subexanple Al Celatin Thi s exanpl e

i || ustrat e¥O e?seﬁ’rﬁ’base prepared wi thout traditional elastonePCI/USI? 7959

| ngr edi ent Parts (gns) Gel atin/ 30% d ycer ol
30.00 5 gsubexample AMeGelatin 43.50 Resin
82. 47 PVA 50. 00 Wax -
22.50 : ; :

Emul si fier This 552‘5mple illustrates a gup lg%se prepared wstﬂ@t?&dit@ocpal elastomer.

6. 45 TOTAL 249. 92 A

Part ; ;
pr e- Ext ruded ‘prﬁg“-ﬁné r ot e] naceous mte@-«%ﬁéﬂﬁ}ie fromgelatin with
30% gl ycer ol wielatin/3 %jsﬂﬂ’%f" bender mi xi ng at. 1 000C, and was

proc8ssed 15 Fillesr 4 minutes (torque=4, 000 #$S80 The remai nder of the

gum base i ngrefesins were added to th824% in the order as Iisted.
Subexanpl e A2 @esmtin and Egg Wite: 50.00 This exanple illustrates
a gum base preggagd w thout el astoner and PVA2 sp | ngr edi ent
Parts (gms) 20gg Gel atinl 30% A yq@r‘% 30. 00
FI ! lzﬁr Emulsifier E V\h|4§e/5910% G ycerol 2.50 SORSSi "

Antioxidant 99 "0 8L PR E YCETO g g5 0P
12 50 Enmul sifier 2.50
Antioxidant ~ TOTAL 6. 4 24992  TOTAL
249. 92

A pre-Extruded plasticized proteinaceous material made from gelatin with
30% glycerol was added to a Brabender mixing bow! at 100°C, and was processed
15 for 4 minutes (torque=4,060 mg). The remainder of the gum-base ingredients were

added to the bowl in the order as listed.

e le elati dE ite;

This example illustrates a gum base prepared without elastomer and PVA.

Ingredient Parts (gms)
20 Gelatin/30% Glycerol 30.00
' Filler 43.50
Resin 82.47
Egg White/40% Glycerol 50.00
Wax 22.50
25 Fat 12.50
Emulsifier 2.50
Antioxidant 6.45
TOTAL 249.92

A pre-extruded plasticized proteinaceous material made from gelatin, egg

30 white and glycerol was added to a Brabender mixer at 100°C to prepare gum base

as above.
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A pre-extruded plasticized proteinaceous material nade fromgelatin, egg
39 white and gl ycerol was added to a Brabender m xer at 1000C to prepare

gum base WO98/158% apove. W 98/ 15189 PCT/US97/17959

PCT/ US97/ 17959 Subexanpl e A3 Zein Thi s exanple .
illust ratww of traditional elastoner, PVAc and wax.

I ngredi en Parts (gms) 5 Zein :
,2:|2| |1§r This examp!ecgil}ﬁcs?rré&)elslgje4n'j_eplacement of traditional e@ﬁéﬁm BMA& qr?p

Bl ends 16. 40 RS-5 Wod Resin 159.28 10
al wax. 9.03 Fat

9.03 TOTAL 248. 73

The gum base was priagmdiehtusi ng a Ber st of f Partsr{ams) configured to have

ei ghtgbarrels with zginl/ D of 40. The rpm was223® and the tenperature ranged
from 15 SO[err]divkergidl err] C. The protei gj4wgs added to the initial
barrel heated at 5Q: Fl1C W th pl astilgi‘ﬁer added to the second

= Hi L . .
barrel. The proteins tAClLzen d was ex d to high shear at
a tenperature of f%‘ (ﬁg}%ﬁlﬁg@%g}@g[err]c gﬁﬁﬁr esin and fat were added
to the third barrelRSPWAIq REFINLs added wlPR%ehe zein. B.
Chewd®g Gum Prepar @ on: 20 This e2&%ple illustrates the
preparation of cheWalg gunms. Subexanpl es B1,_9.03 B7, B8, B9 and B10
Il lustrate the preparation of a chewing gumin one-step, i.e.,
w t hout isolation ofQOTAE pl asticized protei p4a8qgaus nmateri al. Subexanpl es
B2- B4 illustrate the use of pre-made plasticized proteinaceous
material as prepig gHin Base was prepared using a Berstoff extruder configured to have
eight barrels with an L/D of 40. The rpm was 200 and the temperature ranged from
15 50°C to 85°C. The protein was added to the initial barrel heated at 50°C with
plasticizer added to the second barrel. The protein-plasticizer blend was exposed
to high shear at a temperature of from 75°C to 80°C. Thé resin and fat were added

to the third barrel. The fill_er was added with the zein.

B. Chewing Gum Preparafion: |

20 This example illustrates the preparation of chewing gums. Subexamples B1,
B7, B8, B9 and B10 illustrate the preparation of a chewing gum in one-step, i.e.,
without isolation of the plasticized proteinaceous material. Subexamples B2-B4 .
illustrate the use of pre-made plasticized proteinaceous material as prepared in
prior examples. Subexamples B5 and B6 illustrate the use of pre-made plasticized

25 proteinaceous material with additional protein.
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prior exanples. Subexanples B5 and B6 illustrate the use of pre-nade

ptasticized 25 prot ei naceous material with additional protein.
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PCT/ US97/ 17959 Subexanpl e Bl Zei n- Based Gum Fornul ati on
;_!-vA,V-:' ZoipneRassdd Coim FeanulatioRt eri al s are substituted for

t he PVAC and was used in traditional formilas. :

| ngr edi ent Parts (gnms) 5 Zein

22.12 d ycerol 14. 46

?6' |48r In thiﬁgxgnm%@epglbaﬁﬁ%'zéé proteinaceoggnegrffggare sub&ntu{egagprt e

9.03 - Fat 9.03 Bul k

Sweet ener elastomer, PVAc and wassusged in traditional formmlas,or

6. 23 I nt ense Sweet ener 1.25 15 Lecithin

1.75 ingredigil Parts (gms) 354. 76

The clkRewi ng gumamps prepared in a Brabenderzzmizi ng bow at 30 rpmfrom

an initial tenpes 9&%? of 105[err]C to 50[ ef4 4& until honpgeneous. The

I ngredi ents ver e E? added in the or der ,Ildjged The bul k sweet ener was

predi ssol ved in e 16.40°¢ above gum fornul ati on was -
conpared by at PA r()P ormerC| al gum product for initial
chew har dness, g’b eﬁr't terness, flaR328Bsweet ness, ‘waxi ness,

har didss, noi st @ik, cohe5| veness, adhesi ven%gsand spri ngi ness over
Fat

Bulk Sweetener 96.80
Flavor 6.23
Intense Sweetener ' - 1.25
15 Lecithin , 1.75

TOTAL _ 354.76

" :'-‘I’he chewing gum was prepared in a Brabender mixing bowl at 30 rpm from
an initial temperature of 105°C to 50°C until homogeneous. The ingredients were

added in the order listed. The bulk sweetener was predissolved in 20 ml water.

20 The above gum formulation was compared by a test panel with a commercial
gum .product for initial chew hardness, pliability, bitterness, flavor, sweetness,
waxiness, hardness, moisture, cohesiveness, adhesiveness and springiness over
time. The panelists determined that the Subexample B1 gum was similar in initial
chew hardness and pliability and also in overall hardness, moistness, springiness,

25 flavor and sweetness to the commercial product. The gum of Subexample B1 was

found to have a high bitter character and much stronger waxy character.
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time. The panelists determined that the Subexanple Bl gumwas sinilar in
initial chew hardness and pliability and also in overall hardness,

moi st ness, VpIMhess, 25 flavor and sweetness to the c&®GFASITATISY

product. The gum of Subexanpl e Bl was .found to have a high bitter

ngr acter _ﬂl&g&%ﬁ%%%@g&ﬁ%@ﬁﬂ%mulaﬂog:

PCT/ US97/ 17959 ., . Sub 2 | i Based m For nul at i on
Thi s Subexamp! i SuBsKATRIR AAY Supsramplas A5k HOSRE TR it Flongde
pl asticized proteinaceous materials to replace the traditional use of
el ast oner plasticized prpteinggaoygmatenials to replace the traditionghusg pt glastomer,

Parts (gmns) diadin 26. 58

d ycerol PVAcand wax. 26. 58 Filler

18. 41 RS-5 Wod Resin 159.28 10

Gl 5 Parts (gm) Fat

9.03 Gliad Sweet ener 26.58 . 80

Fl avor Giveeral’ 3 26.58 | nt ense Sweet ener
1.26 15 Fil{g Qcithin ‘oaq 175 |

TOTAL ag 45 . “A pl asticized protei nhaceous
material containi ng gR ?’M?%%!m and gl8%€3ol was added to a

Br abkhder ni xi ng bowi Ot 100[err]C, and th®-@8nai ni ng i ngredients
were added to the bowFatn the order as |ist®@3 20 Subexanpl e B3

diadi n/ CGel ati n Bl endBGkSWweetenkat i on: 96.80 | ngr edi ent
Parts (gns) Flavor 4.73
Intense Sweetener 1.26
15 ' Lecithin 175
TOTAL 353.45

A plasticized proteinaceous material containing gliadin/gelatin and glycerol
was added to a Brabender mixing bowl a't- 100°C, and the remaining ingredients

were added to the bowl in the order as listed.

20 ubexample B3 iadin/Gelatin Blend Gum Formulation:
die Parts (gms)
Gliadin 22.11
Gelatin 22.11
. Glycerol 18.95
25 Filler 18.41
RS-5 Wood Resin 159.28
Oil 9.03
Fat 9.03
Bulk Sweetener 96.80
30 Flavor 6.23
Intense Sweetener 1.26
Lecithin 1.75
TOTAL 364.96
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diadin 22.11 Gel atin

22. 11 d ycerol 18.95 25
Filler WO 98/15189 18. 41 RS-5 Wod ReBCTUS97/17959
159. 28 al 9.03
ggt The formula wa$ processed in a manner o, Subkxapf BRe nt 2(3'320_
Sweet ener 1.26 Lecithin 1.75
TOTAL 364. 96
- 84- WO 98/15189 .
PCT/ US97/ 1 Bube le B4 0] U 4 2r(Blis
Subexanpl e B1. Subexarrpl e B4 Gel ati n/ d ycerol Gum For mJI ation
(Wthout tBerd)t adi n-Cel atin Bl end): | ngr edi ent
Parts (gnms) 5 : Gel atin 37.21
d ycerol 15495 i1ler
18. 41 Gele ! Wod Resin E%t_sé%%f% al
9.03 10 5 5o 903
Bul k Sweet ener ye Q% 35 ’ Fl avor
6. 23 Fillgrnt ense Sweet ener 18-41 .
Lecithin RS-5 WpodResip 159.28 TOTAL
313. 50 ik fornula was proces®@3in a manner simlar to
Subexi@mpl e Bl. A pan@at eval uated thé&.08mto assess the sensory
characteristics. ThegukSwastériernd t o 55.3bave a texture close to
traditional gum withpfg Springiness. Afteggogn initial hard chew it
softened. The waxy chiieRebtQwaktenéerund to beogne of taste over texture.
Lecithin ' 175 .
15 TOTAL 313.50

The formula was processed in a manner similar to Subexample B1. A panel
evaluated the gum to assess the sensory characteristics. The gum was found to
have a texture close to fraditional gum with more springiness. After an initial hard

chew it softened. The waxy character was found to be one of taste over texture.
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Subexanpl e B5 CGel atin/ Zeinl dycerol Gum Fornmnul ati on: In this
exanpl e a W91588% ed prot ei naceous materi al made from gel atRPCEUSITINMIS9

and gl ycerol were pre-nelt plasticized, followed by the addition of a

gel ati n- gld. adi bl : ; LA .5
“ngr edi en B le B S5t BT Eb ol atin

ézg,ggr ol In this examplég_ [3§sticized proteinaceous matéﬁpg%@g_e@'qrgdg(ﬁlagpe;ﬂn
16.50 10 Filler 18.41
RS- 5 Wbod aRdglyicerol wera pge-paeit plasticized, followed by the| addition of a gelatin-gliadin
9.03 Fat . 9.03
Bul k Sweetpered and further plabici2éd.15 Fl avor
6. 23 | nt ense Sweet ener 1.26
- Leci thin Inaredi 75 s ' TOTAL
313. 41 a§mexarrpl e was pro%gﬂ_gé%ml% a manner simlar to
Subexanple B1 . A p 20 eval uat ed fggogum to assess, the sensory
characteristics. Thé&g0m was found to ‘——have a hard, taffy-like chew
whi ch tended toward @ C8BBery character. 1Iq)rg-’gum was eval uated as
havi ng waxy proper t iCeladinsGliadindlendt h a B8R ng gum
10 Filler 18.41
RS-5 Wood Resin 169.28
Oil . 9.03
Fat 9.03
Bulk Sweetener 565.35
15 Flavor ' - 6.23
Intense Sweetener 1.26
Lecithin : 175
TOTAL - 313.41
This example was processed in a manner similar to Subexample B1. A panel
20 evaluated the gum to assess the sensory characteristics. The gum was found to

have a hard, taffy-like chew which tended toward a rubbery character. The gum

was evaluated as having waxy properties associated with a chewing gum.
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PCT/ US97/ 17959 Subexanpl e B6 Gel atin/dycerol Gum Formul ation:

In this eXWHPBASIIp| asticized proteinaceous material nade frBET/ESIHIMSP and
gl ycerol was pre- rrel t plasticized,. foI I ovved by the addition of a

gel atin-g . R J ,

I ngredi e Gelatin

égi g? in-diadilp gl%ﬁﬁamgg é?ﬁé&kmzed proteinaceous ﬁnﬂegp?made from gelatin and
18.41 10 RS- 5 Wod Resi

ofl glycerol was pre-meit pigsticized, followed by the addlth:lapf a gelatin-gliadin blend
9.03 Bul k Sweet ener 55. 35 .

Fl avor  and further plasticized6. 23 15 | nt ense Sweet ener

1.26 Lecithin 1.75

TOTA § exarrpl e was processed in a

manner simlar to S e Bl A panel eval uated the gumto assess
t he sensory charact 3)%? The gum whi cig s found 20 to be initially
firm and thereafte u soften %kly and to have |ess
cohesion than a tra&‘l' éﬁﬁ%\ﬁ? 8 bexarrpl e B7 Zein

For mul at i ons: Filler The foll ow n rrpl e shows the preparation of
a guf havi ng the refS5 Wood Resinubber a ﬂ Ac replaced by a plasticized
prot ei naceous materiQil of the present 25 89.08nvention. The ingredients used

to fornmul ate the gufatre shown bel ow 9.03
Bulk Sweetener 55.35

Ftavor 6.23

15 Intense Sweetener 1.26
Lecithin 175

TOTAL 313.41

This example was processed in a manner similar to Subexample B1. A panel
evaluatéd the gum to assess the sensory characteristics. The gum which was found
20 to be initially firm, and thereafter was found to soften quickly and to have less

cohesion than a traditional chew.

bexample B ein F |at‘o S
The foliowing example shows the preparation of a gum having the resin,
rubber and PVAc replaced by a plasticized proteinaceous material of the present

25 invention. The ingredients used to formulate the gum are shown below:
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PET/ US97/
(corn pro
Propyl ene
Two- Phase,

Emul si on

12.0
2.82
3.53
1.0
1.17
1.41
1.0 7
in a bow
m nut es.
cooled to
m xi ng an(
and fl avo
resul ting
snmooth te
10

15

20

WD 98/ 15189
11759 I ngr edi ent ‘Wr Zein
t WQhg8/15189 150. 92 30. 19PCT/US97/17959
Gycol 64. 68 12.94
™ 20702 A4—0—5
ngredient v% WT 60} 0 %
crocrysia X T4 1Z
Zejp (Gon prate "@ottonse ed 150.92 17 67 30.19
G ycerol] Monost ear, 4.
PehyIgf Gycol & ¥ & _ .. 592.04
Twg-PHase Oil/Water 2002 /07 40
E e zein ycal _emi Sthn and CaceR d
> _glyco e si.hn. an w
15 t heat ed Brab t 80 Cf t
TR SN TILeY:7 S S A
mbmcrﬂ!:ﬁ‘alhﬁbdNaxl erful sifier aum;iMoy 0| I ver eggided under
SU Ty XtUTewWas - coot edto—S50fer1+1€ Sheet-erer4
Hysrelyzed Cosiomseednd |ni xed for *A07 ni nut es 353 The
ghh1exh|b|ted rapi d hHydration, a rubbery ipitial chew and a 20
tore T tITe 1Tout T, *
Glycerol Monostearate 469 1.0
Soy oil 5.88 1.17
Flavor 7.07 1.41
Aspartame 4.69 1.0

The zein, propylene glycol, emulsion and CaCO; were mixed in a bowl. The

mixture was heated in a Brabender at 80°C for two minutes. The wax component

was added and the restilting mixture cooled to 70°C. The oil, emulsifier and soy oil

were added under mixing and the resulting mixture was cooled to 50°C.

Sweeteners and flavor were then added and mixed for two minutes.

The resulting gum exhibited rapid hydration, a rubbery initial chew and a

smooth texture in the mouth.
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PCT/ US97/ 17959 Subexanpl e B8 G uten Fornul ati on:

The foll ovmW@’&i%iﬁbl e shows the preparation of a chew ng gumPRIMUSAY174SY
gum base materials replaced with a plasticized proteinaceous material in

accordancey, htioh€ i ngredients used to fornulate
the gum 5 ) I ngredi ents WI-
ge|u|t &n ose The followmg efgrz'nglae shows the preparation o? a cgywmg gum having all
Gyceri ne 92 16. 20 10

Herr]O gum base matersalggepdaced with a plasticized proteinaggous material in Fl avor
oi | 4. 00 1.58 Sweet ener
0.50 accordance with the Predent invention. The ingésdientsoiised to formulate the gur@ 60
0.24 Lycasin 6. 00 37

15 béib 20. 00 0. 08
The mgre&rgnsthgg}v?\fere gjonbl ned in a manner simlar to that described in

Subexanpl e B7. The resulting gum exhi bited excellent elasticity, bounce and

chewabi lity. _ - 80-
Ingredients WI %
Gluten 136.37 . 54.00
Cellulose 19.25 7.62
Gycerine | 40.92 _ 16.20
10 H,0 25.00 9.89
Flavor oil : 4.00 : 1.58
Sweetener 0.50 0.20
- Wesson oil 0.60 0.24
Lycasin 6.00 237
15 Sorbitol : 20.00 0.08

The ingredients were combined in a manner similar to that described in

Subexample B7. The resulting gum exhibited excellent elasticity, bounce and

chewability.
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Subexanpl e B9 Zein Fornul ati on: The foll ow ng exanpl e
shows the pWQMWEBHN of a chewi ng gumin which r ubberr¢BUSII9Sed
by a plasticized proteinaceous nmaterial of the present invention.

The i ngredi g for o are shown bel ow 5

| ngr edi ent " Wi ght _
ge'ﬂ The foalipwing exampls g}ovgﬁ‘esprgﬁaratron of a chewing gum in wri/;chr ' ne
Resin (wood rosin ester) 33.33 10

M cr ocr yst dubberisgplaced by a pIastncnzed proteinaceoussmaterial of the present invention.
Hydrol yzed Cottonseed Q| 5.05

A ycerol Mimsingredients used to formulate the gum are shbwittbelow:;

CaCCs 17.17 Fl avor
2.02 15 Aspart ane . 1.34
Soy O% . Ingredient 1.68 AMQD!zei n,

gl ycerine, emul sion and CO3 were mxed in a bow. The niXx was
heated in a Brabender at err]C for two minutes. The wahe- rrponent was

added over 15 m nutes aér#@ fer1C. The oil and emul sifier\%%{e added over
15 minutes 20 - under Xi'ng and the resulting m xture cooled to

70[err]C. Sweetmg.rphg‘sbagmwg\@ﬁgmms,on soy oil were then agged over 5

m nutes and m xed at 40[err]C The gum conposi ti on showed
exceptional pot enResin (mocaruapleatee)rent of a synt Ig3.3% gum base. The
conposi tion shows el asticit bounce, chewability and gi ves chew ng
attri Butes i mmedi atMiojoerystellineeWaxg. 4.04 -
- 90- .
PCT/ US97/ 17959 I-Y)\lgrolyzegjc}o%tonseed Oil 5.05
Glycerol Monostearate 1.34
CaCo, ' 17.47
Flavor 2.02
15 Aspartame 1.34
Soy Oil 1.68

The zein, glycerine, emulsion and CaCO, were mixéd in a bowl. The mixture
was heated in a Brabender at 85°C for two minutes. The wax component was
added over 156 minutes at 85°C. The oil and emulsifier were added over 15 minutes

20 under mixing and the resulting mixture was cooled to 70°C. Sweetener, flavor and

soy oil were then added over 5 minutes and mixed at 40°C.

The gum composition showed exceptional potential for a replacement of a
synthetic gum base. The composition shows elasticity, bounce, chewability--and'

gives chewing attributes immediately upon chewing.
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Subexanpl e B10 Zein Fornmul ati on: The foll ow ng exanpl e
shows the preparation of a chewing gumin which resin, rubber and
PVAc are r YO8N t h a pl astici zed protei naceous nateri al BETSEIITISY
present invention. The ingredients used to formulate the gum are shown

Del oW 5 siupexample 810 ZbPPESHN@RtiSn % By
Véi ght B ChidiubE it C 27,27

CP:;(():pqy lerGP ]e gl yCOIlhe following example shows the &rf_pggé{iér? of a chewing gum in which,, gar
28.40 10 Corn syrup .. . 4. 54
Lecit hin resin, rubber and PVAc are replaced with & plasticized proteinaceous materialefdhec
acid 0. 45 Fl avor

1.13 - present invention. Tiavirgrediants used to formulate the gum are shown below: 17

15 The zein and propyl ene glycol were mxed in a bow. The m xture
was heated in a Brapender at 60[err]C for 5 m nutes. CaCO3 and sugar
wer e \added and Ingredients)r 10 ni nutes and the re%ﬁ!ﬂ@ghixture cool ed
to 55[err]C. The corn syzuﬁ and l ecithin were addg;i 3nder m xi ng for
10 minutes and the resul4¥ g m xture was cool ed to'8 [err]C. Acetic

acid, sweetener and t hen added and m xed for 10 m nutes .
at 50[err]C Pfréﬂ}@ﬁew?%le resul ti ng gum exhi bi te029'§§i d hydration, a

rubbery initial chew angagQ snmooth texture in theqqmegth.

-91- VO 98/ 15188
PCT/ US97/ 17959 Sugar EX28R0E 4
10 Corn syrup _ 4.54
Lecithin | 3.40
Acetic acid 0.45
Flavor - 1.13
Sweeteners 1.47
15 The zein and propylene glycol were mixed in a bowl. The mixture was

heated in a Brabender at 60°C for 5 minutes. CaCO, and sugar were added and
mixed for 10 minutes and the resulting mixture cooled to 55°C. The corn syrdp and
lecithin were added under mixing for 10.minutes and the resulting mixture was
cooled to 50°C. Acetic acid, sweetener and flavor were then added and mixed for

20 10 minutes at 50°C.

The resulting gum exhibited rapid hydration, a rubbery initial chew and a

smooth texture in the mouth.
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Subexanpl e Cl1 Nougat Fornul ati on: A soft nougat

confectione roduct in accordance with the present invention was
prepar ed f?“&i? 8% ngredi ents shown below. 5 PCT/US9T47958i ent
% By Wei ght CGel atin _

1.13 Gum Ar abi c : 0.34
Corn syrup 44Be QAMLL%G?%

Wat er 1.75 10 G anul at ed
sugar 38. 87 Corn syrup 44b

30. 07 Fat . 1.83

Fl avor ample C1 ougat Fo ). 50 Deni neral i zed whey
protein 1.50 15 G ycerol .

0.33 A soft nougat confeckiodermv praduct in accordance with the present invantion

Cel | ul ose powder 0.91 A frappe was
formed by \ps¥lpregpdrba fiseh e ih édl@ﬁts SidwindbRiw: (60 gm) and mi x unti |
di ssol ved. The solution was allowed to stand for 30 m nutes. Gum Arabic was
20 added to cold tap water (27.5 gm) and treated in the same nmanner as
the gel atin. Thinggedient n and gum Ar abi ¢ sol ut i%By Waightidded t o
818.0 gm of warm 44Be c syrup in a Hobart m xer and m xed therein
at |l ow and then m)derat&egé%'bds for a total of 4 nl-Adtes.

-92- WO 9 . '

PCT/ US97/ 17959 %Mﬁ?%ﬁ‘gmg Bob syrup was prepared by 9113Q| ng 1503.5 gm
of 44 Be corn syrupg % gm of granul ated sugajgagd 600 ni of

wat er. The m xture vvas h at 130[err]C The Bob syrup

was slowy added to theWg&ppe under mxing for about 5 175

10 Granulated sugar g | 38.87 |
Corn syrup 44b 30.07
Fat . 1.83
Flavor 0.50
Demineralized whey protein 1.50
15 Glycerol 0.33
Pulverized sugar 2.74
Cellulose powder 0.91

A frapbe was formed by-adding tﬁe gelatin to hot tap water (60 gm) and mix
until dissolved. The solution was allowed t6 stand for 30 minutes. Gum Arabic was
20 added to cold tap water (27.5 gm) and treated in the same manner as the gelatin.
The gelatin and gum Arabic solutions were added to 818.0 gm of warm 44Be corn
syrup in a Hobart mixer and mixed therein at low and then moderate speeds for a

total of 4 minutes.
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m nutes. Cellul ose powder was added under m xing for 2 mnutes foll owed by

the 5 successive addition of sugar and fat. Thereafter the
deni ner al i 2¥Q 98/3A$9 protein/glycerol plasticized prot RCRUSTIIIS
materi al was added under m xing fol | owed by the addition of the

sweet eners and Algy9Egrup was prepared by mixTﬁ%' 15038 Gl MW&OT\@?QM@QS'

of the properties including chewability a texture o

convention t S - t  For fLons:
The. mot hodatyot g Bhiated Suear apd ePBIBECERBISES 5 Fiaure MBS ERRST 306!

wei ght) was replaced with the sanme anount of ethyl l|actate (Subexanple C2),
| actic acid (Subexanple C3) and butyl |actate (Subexanple C4),
respectively. The 15 resul ti ng nougats produced in accordance with
Subexanpl es C2- Tre Bdh syrupdivas slowfy added to théx&Erappe endeemixihgdforabeet$ i onal
nougat including chewability and texture.

-93- minutes. V\@eldlddeliSGwder was added under mixing for 2 minutes followed b
PCT/ US97/ 17959 What is C ai ned: g owed by the
5 successive addition of sugar and fat. Thereafter the demineralized whey

protein/glycerol plasticized proteinaceous material was added under mixing followed '

by the addition of the sweeteners and flavors.

The resulting nougat exhibits all of the properties including chewability and

texture of a conventional nougat.
10
e l = o] o ations:

The method of Subexample C1 was repeated except that glycerol (0.33% by
weight) was replaced with the same amount of ethyl lactate (Subexample C2), lactic
acid (Subexample C3) and butyl lactate (Subexample C4), respectively. The

15 resulting nougats produced in accordance with Subexamples C2-C4 exhibited all of

the properties of a conventional nougat including chewability and texture.
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1. A nmethod of identifying conpatible proteins and plasticizers for the
formation of a plasticized protei naceous material conprising

a) sel ecVO'9§/15183r ot ei n conponent; 5 b) d RCRUSITLAFOt he
solubility paraneter of the protein conponent defined by the Formul a
I [eQ%%Eﬂigjﬂguﬂggprein [err], is the total solubility paraneter

val ue of e proteln conponent; [err] is the solubility -
paranmeter value contributed by dispersive forces of 10 - t he
protei n conponent; [err] is the solubility paraneter

val ue contribuied by th oar f.Qrces t he protein

conponent ; and* A method of 'dent&Y@rgr‘}OmBatfm@ RIpteins PPF’P'%%EJW&R ue
contributed by hydrogen bondln% forces of the protein
corrponentfprmatlQISOfapasthlzed proteinacegus saterigl eoppesingci zer conponent

havi ng a second solubility paraneter defined by the Formula (I1)
[err] & 98sdletting a protein component;
PCT/ US97/ 17959 wherein [err] is the total solubility paramneter

val ug of the plastigyzerqeupiy gtthe 59 Ut?l"% parameter of the grét‘aegrﬁ bompbohBfit

sol ubi lity parameter”val ue contrrbute spersive for
the pl asti C nent
P ecfl ad by the’ Formufa |

5,2=0p,*+0p* +0y,* )

wherein O, is the total solubility parameter value of the protein component;
8y, is the sblubility pararr_leter valrJe contributed by dispersive forces of
10 the protein component;
Op4 is the solubility parameter value contributed by the polar forces of
the protein compdnent; and
8y, is the solubility parameter value contributed by hydrogen bonding

forces of the protein component;

15 c) selecting a plasticizer component having a second solubility

parameter defined by the Formula (ll)

0,2=8p,% +0py" +0y,° (In

LT



Jerr]P2 is the solubility paraneter value contributed by the polar forces

of* 5 the plasticizer conponent; and
[err]H2 is WR%/t818di | ity paranmeter val ue contributed by hydr egerussnimssg
forces of the plasticizer conponent; and matching a protein

U owi I e : * :
ol | ow ng Naciei P! 20, B8 e SBRRARY pelSinelds value Fite pistisizer PifipBhoht’®
cacn other . T LB e sgubile RararBeldsyabie hairtied e disnersie feres of
one of the pairs of solubility paranmeter values are within 10% of

each ot her. the plasticizer compenentt hod of claim 1 wherein [err]1 and
62 are within 15% of each ot her. 4, The net hod of claim

1 wherein [err] and [&,ii$ the solubility patdietslr vehehcontributed by e polar forces of
5. The nethod of claim1 further conprising calculating the Tree volune

of the matched pr ot eitReHstitiAsiddhpEhertOgRgNENt s in accordance with the
For nula (1) 98/ 15189

PCT/ US97/ 17959 [erg] . rein FV_is the free, vol une, )
[err]p is the -coefficé"é’ﬁ? e s?'Hgi]ﬁﬁl%a&%ﬁ i %?omﬁ'bu&%%“ge&gm'ﬂg
forces of the plasticizer component;
and matching a protein compdnent with a plasticizer component wherein at least

one of the following pairs of solubility parameter values & - 8,, 8y, - 8p, 5p; - Opp

10 and &,,, - 5,, are within 15% of each other.

2. The method of claim 1 wherein at least one of the pairs of solubility

parameter values are within 10% of each other.
3. The method of claim 1 wherein 8, and &, are within 15% of each other.

4. The method of claim 1 wherein &,, and 8, are within 15% of each

15 other.

5. The method of claim 1 further comprising calculating the free volume

of the matched protein and plasticizer components in accordance with the Formula

(It

\

R mim
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[err] is the coefficient of thermal expansion of the plasticizer conponent;

5- Tg[err] is the glass transition tenperature of the

pl asti ci zeWQWAsHent ; Tg[err]. is the gl REIYIAMREISPi on
tenperature of the protein conmponent; and Tis a

ref erence tenperature; and identifying the matched protein and

pl astici zer conponents t hat Flvaaoaozmea (T Tg )+t g’he‘};g )f ree vol une. 0('")

6. A nmet hod of producing a plastici Yed prot & naceous materi al

conpri si ng: a) selecting a protein conponent having a
first solubility paraneter defined by the Formula (1) [err] 15
wherein  wiheréih, | S Vi@ thetfide vodimel | ity paraneter value of the protein
conmponent ; [err]Dl is the sol ubili ty par anmet er val ue

contributed by di spey S e E&éfﬁ@i%nfﬁf thermal expansion of th pF'otB rPé&'th?nent'

conponent ; er \'

%ngg} ?gtlgg by the pOI aEhe coecfﬁmen{ of thermal expansion of the plé%ilgllz%r rc]:oﬁ'l%rcr)%%rr]\tem
PCT/ US97/ 17959 rlHL, is the solubility paraneter
val ué contributed bydajeitheo@assransii gn temperature of the plasticizer compshentie
protei n conponent; b) sel ecting a plasticizer

conponent having a Jggdsithesglasdtriansition temperatara ok thee pritéinesmponériteand
Formula (11)
T is a reference temperature;
and identifying the matched protein and plasticizer components that have the

highest free volume.

- 10 6. A method of producing a plasticized proteinaceous material
comprising:
a) selecting a protein component having a first solubility parameter

defined by the Formula (I)

8,2=0p,*+0p*+5yy,” U]

15 wherein 0, is the total solubility parameter vélue of the protein component;
Oy, is the solubility parameter value contributed by dispersive forces of
the protein component;
Op4 is the solubility parameter value contnbuted by the polar forces of

the protein component;

—_—
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[err] wher ein [err]2 is the total solubility paraneter value of
the pl asticizer- conponent; [err]2 is the solubility

par anet er \WO9¥1518%t ri but ed by d| spersive forces of PCT/US9717959 t he
pl astici zer conponent; [err]P2 is the solubility

paraneter val ue C0ntas,J,bsntr%isbmmm,epaﬁérﬁéte‘r%wwﬁtnb&féd by hxdrogen bondlnbhe
pl astici zer conponent; and [err]H2 is the solubility :

par anmet er val ue contfér%géﬁpgyprggﬁ(&g%mgl ng forces

of the plasticizer erei’'n at | east one of the follow ng
pairs of solubility parameter values [err]l, - [err]2, [err]Dl -

[err]D2 [err]p, - [err]p2, and [err]HL - [err]H2 are with 15% of each

ot her, 15 c) conbi ning the nmatched protein and

pl asticizer conponerb) t oselecting a piastisizercamponent havirg arsgcond solubilityt o
forma plasticized protei naceous materi al wherein the plasticizer

conponent psratistéodefined by Bt Formula ()n the protein conponent .
WD 98145189 PCl TUS971 17959

7. The nethod of claim6 wherein at |east one of the pairs of solubility

paranmeter values are within 10% of each ot her. 8. The

nmet hod of claim6 where [err], and err 2 are.wthin 15% of each other. :
9. The nethod of claimé6 vvhereqzn- n:r‘r poaitRizb [err]2 are within 15% of &4knh

wherein O, is thé toial solubility parameter value of the plasticizer component;
Op: is thé solubility parameter value contributed by dispersive forces of
the plasticizér component;
Op, is the solubility parameter value contributed by the polar forces of

10 the plasticizer component; and

O, is the solubility parameter value contributed by hydrogen bonding
forces of the plasticizer component; |

wherein at least one of the following pairs of solubility parameter values 3, - &,, 8p; -

S0z, e = Orgy @NG By - By @Fe With 15% of each other,

15 c) combining the matched protein and plasticizer components to
form a blend and treating the blend to form a plasticized proteinaceous material
wherein the plasticizer component is uniformly dispersed within the protein

component.
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5 ot her. 10. The nethod of claim6 further conprising

cal culating the free vol une of the matched protein and pl asticizer
conponent s W 98tH89 dance with Fornula (111). [err] PCTRIRWV15PS9
FVis the free volune, 10 [err]p is the coefficient of the

thermal expansipon oftidmelicd 6f élaim 6 wherein at least one @Y PaIRS of solubility
ad is the coefficient of thermal expansion the plasticizer conponent;

Tis a ref t rar. o TgP is the gl ass

transiti ofe%rgﬁ%g?raﬁﬁg %#&Wﬁgmp“rooéeqfne aggrpptgﬁlént ; and 15 Tgd
Is the glass transition tenperature of the plasticizer conponent.

- 98- W981159C Pr US1J97117959 11. The method of
claim6 wherein the step of treating the blend conpri ses heating the
bl end at a tenpr at (Fhe ofethedaf cBivn© woereod1and & erewithine15% of eaathoothen! | ed
shear conditions. 12. The nethod of claim 11 conprising

heating the blend at a tenperature
S. The method of claim 6 wherein &5, and &, are within 15% of each

5 other.

10. The method of claim 6 further comprising calculating the free volume

of the matched protein and plasticizer components in accordance with Formula (Iil).

FV=0.025+0(T-Tg,)+a,(T-Tg,) (i

wherein FV is the free volume,
10 a, is the coefficient of the thermal expansion of the protein
component;
a4 is the coefficient of thermal expansion the plasticizer component;
T is a reference temperature;
Tg, is the glasé transition temperature of the protein component; and

15 Tg, is the glass transition temperature of the plasticizer component.

I

A
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5 of from about 20 to 120[err]C 13. The method of claim
11 conprising treating the blend in a cl osed m xer or extruder. -
14. The nWOMBHSHEP c| ai m 13 conprising contacting the bl end REXHSFTATIO,

bl ades. 10 15. The nethod of claim6 further conprising

sel ecting a degir ed Theanéthod of clai 8'vehéreimtHeestepr sfttraatirigothet tleng! ast i ci zed
prot ei naceous material and selecting the anount of the protein

component g@ﬁnﬂr&%gﬂe'aﬁhé%erfﬁﬁ?agé‘}esmpﬁe GRY SPf6f %t?&&l 20 to 1409Cufide? (1 V) -

[err] ected ass transition

t enper at ure of | asti¢l.zed pr ot ei naceous materi al;
[[err] i sc?'ﬂféO“%iPhgﬂr %‘Pﬂ‘fﬁ?@ hermal expansi on of the plasticizer

conponent; -99- WO
98/ 15189 - PCT/ US97/ 17959
[err]p is the coefficient of thermal expansion of the protein conponent;

Vd is the vol ume. frate metind sihelaivh 49tcamprising drsatingrthe blend at a temperature
Tgd is the glass transition tenperature of the plasticizer conponent;

5 of from about 20 to 120°C.

13. The method of claim 11 comprising treating the blend in a closed

mixer or extruder. .

14. The method of daim 13 comprising contacting the blend with roller

blades.

10 15. The method of claim 6 further comprising selecting a desired glass
transition temperature for the plasticized proteinaceous material and selecting the
amount of the protein component and plasticizer component in accordance with

Formula (IV).

X
Tars=—"Va(T9-T9,)+Tg, (Iv)
p

15 wherein Tamix = is the selected glass transition temperature of the plasticized
proteinaceous material;

ay is the coefficient of thermal expansion of the plasticizer component;

-
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and 5 Tgp is the glass transition tenperature of the protein

conponent . 16. The nethod of claim6 wherein the anmpbunt of
t he protei IVOIRAH8RNt s at | east 40% by wei ght base®CIUSHETIHL al
wei ght of the bl end. 17. The nethod of claim 16 wherein
the amount of the pr e:%es the copffioianit ofthermal expanénoheaf&hewatémcmmp@hbnbased
on the total weight of the blend. The method of claim:-

17 wherein the amounyy @%hﬁé\&,g ﬁé&"ﬁfw tbcf%%combﬁnéﬁt?m about 60 to

75% by wei ght based of 19.

sorubre, o O ™ gl lase GeReioRuSpterR S 0 Bl er coppanent

conponent is water 15 i nsol ubl e. . 21. The nethod of
claim6 wherein the @nd ein conmponent is selected from t he group
consisting of grain proteins, aninmal proteins, egg proteins and mlk

pr ot ekns. Tg, is the glass transition temperature of the proteirf€omponent.

WD 98/ 15189

PCT/ US97/ 17959 22. The nethod of claim 21 wherein the
protein conponent is a grain protein selected fromthe group

consisting of Z%.n ’ thlétr%n{h%d gH Clg%ll B \n?t?éjrerﬂ fHe &fdunt of the protein component is

at least 40% by weight based on the total weight of the blend.

17. The method of claim 16 wherein the amount of the protein component

is at least 50% by weight based on the total weight of the blend.

10 18.  The method of claim 17 wherein the amount of the protein component

is from about 60 to 75% by weight based on the total weight of the blend. -

19. The method of claim 6 wherein the protein component is water

soluble.

20. The method of claim 6 wherein the protein component is water

15 insoluble.

21. The method of claim 6 wherein the protein component is selected from
the group consisting of grain proteins, animal proteins, egg proteins and milk
proteins.

—_ -100-
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ther'éof. 23. The nethod of claim 21 wherein the egg and

m | k protein conponents 5 are selected fromthe group consisting of
gel atin, ewPWISIA% n, | actal buni n, casein, sodi um caBETHEY 79 hey
and m xtures thereof. 24. The nmethod of claim®6 wherein

the plastici ZegzPom%%thoﬁ SR claip® 2l wherein thepoteiniesthponbmitSikisCdeam -
25. The method of claim24 wherein the organic plasticizers are selected -

acet i ¢ acPIPtOTSpHd TR b gfys bolbORNBH 2l o dRE Bnf RiRices

gl ycol, glycerol and ethanol and m xtures t her eof .

26. The themel of claim 19 further conprising reacting the water sol uble
protein with a cross-linking agent to faorma water insoluble protein. 15
27. A plasticized proteinaceous material produced by the nethod of claim

6. 28. A plasticized proteinaceous material conprising a
protein conpongat  The metldtfofclaina2ti wheéin M??%ﬁd IR peoteirtcoPbbHehtsat e
bl end of the protein conponent WO 98/15189

PCT/ US97/ 17 i ] e t ander
PCT/S97/ 118 3tected from fHelarolp ddridting SrgetaBPEgY Bloliihe idEsBuRitA! Gsei

sodium caseinate, whey and mixtures thereof.

24, The method of clafm 6 wherein the plasticizer component is at least

one organic plasticizer.

25. The method of claim 24 wherein the organic plasticizers are selected
10 from the group consisting of propylene glycol, ethylene glycol, acetic acid, lactic
acid, polypropylene glycol, polyethylene glycol, glycerol and ethanol and mixtures

thereof.

26. The method of claim 19 further comprising reacting the water soluble

protein with a cross-linking agent to form a water insoluble protein.

15 27. A plasticized proteinaceous material produced by the method of claim

28. A plasticized proteinaceous material comprising a protein component

and a plasticizer component wherein a solid state blend of the protein component

- -101-
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at a tenperature of fromabout 20[err]C to about 140[err]Cto formthe

plasticized pr ot ei naceous materi al . The
pl astici zeWVPPUIMhaceous material of clai m28 wherein the p‘?@f’gﬁ?’l@’
conponent includes zein, glutenin or gliadin. 30. The

pl astici Z%ﬁdwh@t;ﬂésmmmm:wntaiavefbe:émhtéﬂ urderdontrolied shear conditions
pI astici zer corrponent Is at | east one organic plasticizer.

A et JerdeWfr%n%Bb@FZG@i@ﬁbb@Pﬂome meOﬂasméaSI ng:

sel ecti ng pr ot ei n conponent; determ ni ng
the sol ubi | i f the proteln conponent deflned by the
For mul a (I r {éfr[\% %Eeﬁ‘g{er% wherein [err] is the total solubility
par anmet er val ue of the protein conponent; [err]Dl is the
solubility paraneter value contributed by di spersive forces of 15
the protein conponent; [err]p. is the solubility
par amet er val ue29;ontThé plasticizedtpretgitdceousanatesiab bf claim 28 wherein the proteirhe
protei n conponent; and [err] is the solubility
par angt er W di ng forces
of tg pro@mﬁﬁn&ﬂggﬁ 26 gl aagg/ 15189
PCT/ US97/ 17959 c) sel ecting a plasticizer corrponent
by a second solubility parameter defined by the Fornula (I1)

30. The plasticized proteinaceous material of claim 28 wherein the

plasticizer component is at least one organic plasticizer.

31. A method of forming a gum or confectionery composition comprising:

a) selecting a protein component;

10 b) determihing the solubility parameter of the protein component
defined by the Formula (1)
8,2=0p*+0p,*+0y* M
wherein | 5, is the total solubility parameter value of the protein component;

Bp4 is the solubility parameter value contributed by dispersive forces of
15 the protein component;

Op, is the solubiliiy parameter value contributed by the polar forces of

the protein componeht; and

0,4 is the solubility parameter value contributed by hydrogen bonding |

forces of the protein component;
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[[err] wherein [err]2 is the total solubility paraneter val ue of

t'he pl asticizer conponent; 5 [err]D2 is the solubility

par anet er WIOO¥158%t r i but ed by di spersive forces of PCT/US97/17959 t he
pl astici zer conponent; [err]P2 is the solubility

par anmet er val ue cont g\ but i it t he
pl asti ci zer corrponentb 5 an%@léﬁﬁn@@pl&%ﬁ&&ef‘ %ﬁ\%’é{\%ﬂ Fﬁ? slescotnﬁesos'%?'lijlgi lity :
par anmeter val ue c | bonding 10 of the
pl asti ci Zepw@ﬁﬁqﬁb%%@th@*ﬁﬂ?ﬂlﬁ;t | east one of the following pairs
of solubility parameter values 6[err] -[err] 5- [err], [err] -
[err], and [err]HL - [err] H2 aregwighixngl>*4E0f2 each ot her; : (1)
d). conbining the natched proteiﬁ and plpﬁst M'ti zer conmponents to

forma blend; 15 e) treating the blend to forma

pl astici zed protei naceous nateri al wherein the plasticizer is

corbi ni ng MEBNast i el e totm i Ehiariieter valus ofihe plasticizer component
ingredients sufficient to formsaid gumor confectionery conposition.
32. Phe method of clOghif the soldbilitypanameiar valuercantriibutetibyydispersiva force of

values are within 10% of each other. WO 98/ 15189
PCT/ US97/ 17959 the]plastic&%r comiponerthod of claim 31 wherein [err] and
[err]2 are within 15% of each ot her. ' -

Op, is the solubility parameter value contributed by the polar forces of
the plasticizér component; and
8., is the solubility parameter value contributed by hydrogen bonding
10 of the plasticizer component;
wherein at least one of the foliowing pairs of solubility parameter values 3, - 8,, 5p, -

Op2, Op1 - Opa, and By, - Oy, are within 15% of each other;

d) combining the matched protein and plasticizer compone.nts to
form a blend;
15 | e) treating the blend to form a plasticized proteinaceous material
wherein the plasticizer is uniformly dispersed within the protein; and
f) combining the plasticized proteinaceous material with other

ingredients sufficient to form said gum or confectionery composition.

32. The method of claim 31 wherein the pairs of solubility parameter

20 values are within 10% of each other.

F LT



34. The rrethod of claim31 wherein [err] and [err] are within 15% of each
ot her. 35. The nethod of claim31 further conprisin

cal cul ati nd”?l%’l-'fl?%e vol ume of the matched protein coRGEHSIH178%d

pl asticizer conponent in accordance with Formula 111 [err]

wher ein FV i g3t he Theatett@ldwfelaiml81 wherein 5, and bgard within 15% efasddh ci ent
of the thermal expansion of the protein conponent ;

[err]d is toﬂ‘fe oefficient of thermal expansion the plasticizer conponent;
Tis areferenceterrperature Tgd is the gl ass
transition tenperature of the plasticizer conponent; 15 and.
TgP is the glass transition tenperature of the protein conponent.

36. The nethod of claim31 wherein the step of treating the bl end :
conpri ses heati 4.t hdhsl @ﬁmoﬂtOféﬂ@'é'hﬁéNﬂ”ﬁﬁﬁ@ &1 anbBrAr8withio 5% ofiepehr | C
under control |l ed shear conditions. WO 98/ 15189

PCTI US97/ 1 6%5er. 37. The nethod of claim26 conprising heating
the blend at a tenperature of from about 20 to 120t C.

5 35. The method of claim 31 further comprising calculating the free volume

of the matched protein component and plasticizer component in accordance with

Formula Il

FV=0.025+a(T-Tg,) +o(T-Tg,) (i

wherein FV is_ t_he_fpee volume,
10 a, is the coefficient of the thermal expansion of the protein
‘component;
a4 is the coefficient of thermal expansion the plasticizer component;
Tisa referenée temperature,
Tg, is the glass transition temperature of the plasticizer component;
15 and

Tg, is the glass transition temperature of the protein component.

36. The method of claim 31 wherein the step of treating the blend
comprises heating the blend at a temperature of from about 20 to 140°C under

controlied shear conditions.
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38. The method of claim36 conprising treating the blend in a closed
m xer or extruder. 5 39. The nethod of claim38 conprising
contacting WRES/A¥M8hd with roller bl ades. PCTAIS97/17959
nmet hod of claim 31 further conprising selecting a desired glass

transition tenpgyat uThefmétHodeoflUiaini 26 icontbriving BeaARG HS bla'ﬁo?éﬂ aterpérature
sel ecting the anount of the protein conponent and pl asticizer

conmponent C 10 Formula (1V) [err] mhereln.
Tlerr] = iép?ﬁé'%ﬁgg(ﬁtng?@,ss transition tenperature of the plasticized

pr ot ei naceous materi al; ad is the coefficient of thermal
expansi on of the plasticizer conponent; 15 ap is the
coefficient of thernmal expansion of the protein conponent,

Vd is the vol umB8f r adhieomethiod ofclaim,36icomprising tneating the blend in a closed

Tgd is the glass transition tenperature of the pl astici zer conponent;

and xer ortARIer5189
PCT/U897/17959 Tgp is the glass transition tenperature

of the protein conponent. 41. The nethod of claim40
wherein the anount of the protein conponent

s 39. The method of claim 38 comprising contacting the blend with rolier

blades.

40. The method of claim 31 further comprising selecting a desired glass
transition temperature for the plasticized proteinaceous material and selecting the
amount of the protein component and plasticizer component in accordance with

10 Formula (IV)

g |
Tgmi)(:—a_d"\ld' (ng—'Tgp) +Tgp (‘V)
P
wherein Tomix = is the selected glass transition temperature of the plasticized
proteinaceous material;

a4 is the coefficient of thermal expansion of the plasticizer component;
15 a, is the coefficient of thermal expansion of the protein component;

V, is the volume fraction of the plasticizer component;

Tgy is the glass transition temperature of the plasticizer component;

and
//
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Is at | east 40% by wei ght based on the total weight of the blend.

42. The nethod of claim4l wherein the anbunt of the protein conponent 5
is at | easWGIASKEP wei ght based on the total weight of the DPEHESIV17959

43. The nmethod of claim 42 wherein the anmobunt of the protein conponent

is fromabout 60 to T§¥sithe gt ransitioh temperdturebbite protdih eosditent.

44. The method of the claim 31 wherein the protein conponent is water

sol ubl e. 10 45. The method of claim 31 wherein the protein
conponent is water insol ubl e. 46. The net hod of
claim 31 whereip th rot o s. sel.ect ed fromthe 0
consi sting of g‘ﬂil ne-BE ogn") %Wbﬁé"r'ﬂéﬁgrﬁm%& of the protein compgne#tp
proteins. The nethod of clalm46 wherein the grain
prot ei ns aset:*.%stdtﬂ% b[yr\wght based onithe {ptaliweighi of $he blenst zei n, gl utenin,
gliadin and m xtures thereof. WD 98/ 15189 _
PCT/ US97/ 17959 48. The nethod of claim46 wherein the egg
ahd mlk proteins are sel ected fromthe group consisting of

gelatin, egg al jgsim “Thé?ﬁétﬁbB‘b?’clhmF@‘FWh@rem the amodRbrtHe PRSI ESRpolbRY

and m xt ures thereof
5 is at least 50% by weight based on the total weight of the blend.

- 43. The method of claim 42 wherein the amount of the protein component

is from about 60 to 75% by weight on the total weight of the blend.

44, The method of the claim 31 wherein the protein component is water

soluble.

10 45. The method of claim 31 wherein the protein component is water

insoluble.

46. The method of claim 31 wherein the protein component is selected
from the group consisting of grain proteins, animal proteins and egg and milk

proteins.

15 47. The method of claim 46 wherein the grain proteins are selected from

the group consisting of zein, glutenin, gliadin and mixtures thereof.
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49. The nethod of claim 31 wherein the plasticizer conponent is at |east
5- one 'oOWQA8/15189 asti ci zer. : : 50. The net REAUSOTLTIIE? m 49
wherein the organic plasticizers are sel ected fromthe group

consi sting of BBOPY HeREMEINGS clgiiub WRreintheleggPaRd nfilkasrotking aeé i C
acid, polypropylene glycol, polyethylene glycol, glycerol and ethanol.

S5 e, Bl R hel g SortHE LB Sobl A BB, ki o 1 |

52. A gum produced b%/ % met hod . of chai m_31. 53. The
gum of c| §PAIUGPCASRIDALS, Ycﬁigmﬂﬂiﬁset, eERffol e or both

bi odegr adabl e and edi bl e. 54. A confectionery conposition
produced by the nethod of claim 31.

-107- '

49. The method of claim 31 wherein the plasticizer component is at least

5 one organic plasticizer.

50. The method of claim 49 wherein the organic plasticizers are selected
from the group consisting of propylene glycol, ethylene glycol, acetic acid, lactic

acid, polypropylene glycol, polyethylene glycol, glycerol and ethanoi.

51. The method of 44 further comprising reacting the water soluble protein

10 with a cross-linki'ng agent to form a water insoluble protein.
52. A gum produced by the method of claim 31.

- 53 The gum of claim 52 which is biodegradable, edible or both

biodegradable and ediblle..

54Ac6nfectnonery Eb_rribaé'it'i'o'h 'produced by the method of claim 31.

Cmwmmm
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