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ULTRA HIGH PERFORMANCE CLARIFIED GELLAN GUMS
BACKGROUND OF THE INVENTION FIELD OF THE INVENTION The
WOrRaepiaey relates to high performance low acyl and partially d8&dylasd7/087111
gellan gum 5compositions having increased molecular weight and
increased gel strength. The invention also relates to processes for
procUdinE A eH T FRRERMA NG STrRFRHD Skl
having high clarit
invention further réfetds JustridF piatiuciy \comphs
performance low acyl and partially deacylated gellan gums for food and
FIELD 0gnfigechapplications. 10 DESCRIPTION OF RELATED ART
Polysaccharides, which are also referred to as gums, are r&rimarily used to

tHiekereoioeicariesUy Zonstibgapslysachante sanal e prvdirceer bgn gum
composi%ﬁ{g%gﬁ%'%@?egeﬁ] ﬁ}%&ﬂﬁrﬁ%@g Rﬁ?ggél%a%ﬁ gzl:?(gtf@l{gfﬁ.edf #vention also

iIngans.’Gums are frequently cfass into two groups: thickeners and
relates pgllingageftspivpidal tigkpadosinchede starghes] muasalgudeacylated gellan

15carh hylcellul , alginate, th | , th
gums by O ARy AU NG SO R Y Rt DeATIA turher
relates @elatiRISRFEH RIGIDatS RGBT ADaaRRR [agalednddpaitivlteliloskicd

Gelling agents are used in the food industry in a variety of applications,
gellan gy iR fed andcbmérgd amelicatnns, dessert gels, icings, dairy products,
beverages, and the like. 20Additionally, gelling agents may be used as

DESCRIPMPRNEHR of migkppjotogical media. Gelling agents differ in the
conditions under which they may be used and in the texture of the gels

Hedysreehur Hrbsehdibtiienlie pripeditsisiyels Rk iodrtly thediigspkenar gel
e . : _ .
aqueoué?oel,fﬂfo%‘éf t?&ﬂ%élg‘fslgrgogg At @gﬁ@g@@g&eﬁiﬁﬁ?&%@ﬁsﬂ%ﬁ@%enus

confectioneryje atin'i agar in‘icings; and afginate in
Sphingpioventerstipsje 2aChe paphitgelys usafnlsgedifrgqagety sagsifed guatwo groups:
) which is g.capsular pplysaccharide produced by the bacterium
thickengg s R e A AR B R o AUBCEHBm thi
carboxyeRaRigseIhesconshitsenistigarsl of gellamtiamgare, gluadseeagluad enis
acid and rhamnose in the molar ratio of 2:1:1. These are linked together to

tragacaifiye (O BPRRArgCHiRAGrEte GrruAsiAe lanielenr setrbBatiarrviale s Rt
carrageéﬂ%{f},'%@aMaﬁi n%t%lcﬁjmggg're of the acidic extracellular gelling
30polysaccharide produced by Pseudomonas elodea, Carbohydrate Res.,

GRU{19:12343 38 (108 3); theSUBSTITWY En SHERTY (R Bpica oy Mcluding

2008/076719PCT/US2007/087.111 polysaccharide produced .
confeo B 5 E2 oy e o e | St s e
Additiodaingsesilik: dgeret aldySteucied ak stigieaafisgdiangbiol ceXiiadall uiriling

ysaccharide elaborated by Pseudonionas elodea, Carbohydrate Res.,

agents 5%&{1@: Sshiaan e higheaCy Al FBF o gl they
form. THHBSULERIEVAPRIBERROEPYRHAIS 1A BRAESFIEsRHY SUbSHIGRIR Befing

Slocated on the same glucose residue and, on avera?ﬁez there is one '
agents iglpediataiiaedepede gnittard offoricetarcpoe Bissrgalvbirapéesserhigslsirpgar in
SR (LAY ost of the acyl groups have been removed to
(CIES; %Q%é%@l‘#\gg%)éﬁgﬁ Bgr?it substantially lacking such groups. X-ray

Qiffr patiorlariglysisus olkia ghatgal anl purpuexisthials ia shrgstiiaidholysaccharide

left-handed. parallel double helix (Chandr ran, R., et al.. The crystal ..
produceg i S P AR Al b La it b R ed o this
species Clianeiaskaransiarebakeatiominier ahtiens, ihaatanc Ak Bideho&f in the

the potassium salt. Carbohydrate Res., 181:23-40 (1988)). LA gellan
molar rgfigned Fokh gESSwABH BSEAdaaR IRRID AR ACE BREERBIEHEHRE BHbBRS lincar
tetrasac PHEIRIGRYHVAIROGRUANS, SUC) 85 CHGR-ARAIRR IR IR 98 1in

fanned are firm and brittle. HA gellan gums do not require the presence o
polysacebaidtspiod getdbyiitodoamdan el géls, (Bforhydihtedes sttagtlrd2ankd3 (1983);
rheological characteristics which are significantly affected by the acyl
substituents. Thus the properties of[HA gellan gums differ significantly
from those of LA gellan gums. HA gellan gum gels are typically soil and

flexible and lack therraaBSRRITEISHEE TGUNE6)Rly. gellan gum is

formed by inoculating a fermentation medium under aerobic conditions
with SRnhinanmonac elodea barcrteria The fermentationon mediinim containe a

gums
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25from the fermentation broth. Direct recovery from the fermentation broth
yields gellan in its native or high-acyl form, which is modified by S. elodea
WwWauthEesil%and glyceryl substituents on one glucose residue. REGIAEHM87111
gellan in this native or high-acyl form yields a soft. flexible, elastic gel.
Gellan may be deacylated to provide gellan in its low acyl form. Isolation
of gellan in this low acyl form yields a hard, firm, brittle gel. Blends of
polysacoladivécanetllawdaey Fyelldn 30ptaduce: gelstafiptermediate Tekiuie3 N0 (1983 ):

.]d]l‘n‘>011290 /07671 PC(tll-L/lllJ&§2EcL)i87/O8 11[?:!["1 "Llci:urcgf?ntl r'a §IU dig)%[ﬁ;?/.‘\!Ia‘%ﬁ'la{cl:(YéaétﬁgOfalCd

trea‘fl ag[ the' TErivEntation Broth ¢Ontal r1|ng the 0
by Pse J@A&ﬂabratsmgwftempematwed {EHts process:nemhovey aii)sulstita enta‘svf:rormi gh acyl
HA F ellan an es the S. elodea els Solids and cell d% \s H ¢ are
CHAD GHBVER By A dh féﬁﬁ%‘én%‘(w“ﬁeh ANy eTH i tRE 1 henta |b"n ”%5 ar
tocated amd}'feltrahergmmelctadug I:mnlaotﬁyida\ap?aam;tlrgeiIaimgllmeﬁt&weverpntmslmt and
ethod also results in a gum, molecular Weth S Pstantlall er than
one “Ce%ﬁ BSoaGeL Y RE ey ofydisidn ‘&Je M ymeriZatio |on as welFag P
have bedeae:yla*tmhLoThecmueremmcamapnemmh1mtlmdzfmﬁlgeﬂanwmcregmm@ny X- ray
roduce Is WI a maximum 0.2% gellan gu eter gel str h
aitrac S o D SRS 6 0o st o el 8 R e
helix (Cﬁfzmbmst\aﬂxﬁ Fcra)l. T0SUUMMARYUOE T bR dNVESTHON dratcTRes., 175(11):1-15
ention relates to a pr s for pr arln ellan, gum com
(1988 B e R A A R S orassiom
salt, Cadmimtiadulty Barifyitng IBefertfightation broth by a chemical/enzymatic
rocs | c(yl ti fied fermentati ot
D B B Sl st
preferabip reitethe geltanstBygantéasia (arﬂ%iwlamgurﬂ" bugtindtemgeélstréngtind
- tleas u /cm2 % [ r ol
orice. B B 1 s Bl e L el e S E B e
formed $ae¢0@@atm a md@ad@mlent straitdnsdnothiecembodiméetiohthgected by the acyl
n ification steR, SOMRLISE steps;of. aell:
substi A B P e S SRR D Bsc of LA eclan
gums. hhéreednti gritayrs m@@pmﬂhrn@momw&hxme ardrhaﬂe (bhetatihyegerits
20l 3, lys07 %ﬁ’ﬂ%m{% Erf%?ﬁl{%%# NGk %11 l;& ST a@gwmrﬁml under
treating Wlt rote&se enzyme. The invention also relates to gellan gums
aerobicrpatiBtiynshe hboveégretivods ¢ indad ditioerigthd hw@nmnm@mtese(bhgelmniams 4
L.aell X &l gth t
esrbon S e B AT gL,
clemen &sl?Tgf: cene g Sonecembotitherden el ervewiide thetyeliast gariol of aeration,
ag Pt B a%3 190k broth i
i e A A B SO o i
pasteurigéeimibn} t/m@@midh gumsmm*a:ﬂy@&m@@mfne Analysis ("TPA")
ess.of n i
e R A R SO overy
from theffatiieast albduods (E@m;p@cs:@\(gmfrw@]c fermentation broth yiclds gellan in its
; 8(0 P ti L, S{8sti 5
i SEISTISRETNSEAVIONOIE, s lmInenpnr Qs
one glideserivatihefeitn!pnaefditibnn thelinvenivervréigtesdy foou mehbmfmﬁd flexible,
u S IS I epar t e o
elastic %‘i‘ a%ﬁl‘gph fg% %wpﬁ dqg la@egf‘lih E)rq quQg ‘?I l?(?‘rlm b&guon of ecllan

descri e ‘concentration of per ormance ge Ian gum used”
in this inwheyhustriatiskodbets. b thebptdsant. 5ﬁrivedmohnstWor&néﬂs@ﬂtdz&)%qmn
produ(,gggf'éto%rﬁ)cI%‘?CSCIJH%QC%% goncentratlon of the currently available
mercial product (Kelcogel(r)) used. BRIEF DESCRIPTION OF THE
DRAWINGS FIG. 1 is a graph showing the linear correlation between
the 0.2% gellan gum curdmeter gel strength test and the 0.1% gellan gum
curdmeter gel strength test. 10DETAILED DESCRIPTION OF THE
INVENTION The present invention rélates to methods for preparing low
acyl gellan gums having a greater gel strength than the low acyl gellan
gums in the prior art and for preparing partially deacylated gellan gums.
The invention also relates to low acyl and partially deacylated gellan gums

that have high clarity without the use of a conventional filter press when
rehvdrated 1Rinto aAdrientic econlitione The invention fiirther relatec to fond
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95strains are grown or fermented aerobically in an aqueous solution
known as a fermentation broth by methods known to those of ordinary skill
WO Hf/TPhe media contain sources of carbon. nitrogen. an@Gidb§ani¢/087111

salts. In general. carbohydrates (for example glucose, fructose, maltose.
sucrose, xylose, mannitol, and the like) can be used either alone or in
combination as sources of assimilable carbon in the nutrient medium. In
generaly thelamaunt oficaroltydrate: usuatlyeviariesrd30betiverin @bout 2%the
and 4% b weight of the medium. In eral, many rotelnac 0

eelon 1S N S BI0 EBBET RSSO B Lo iy B (g s from

the ge lmitfmgeylssom@SSLJR)zb’@& éenme‘ﬁltaﬂomrﬂroﬂeﬂswatabﬁ&n|tc0gemcsbm©s$

include, for ex drol tes, S n I cotonsee fl r
Ie‘”meﬁ&/ﬁ?dhﬁigﬁt%g?f(cgééﬁwq(? ARG %158trh [fP Ifar;s‘lgqua\bl s. anj] e Elﬁ
acyl celTJmeaaﬁur¢ﬁﬁn@mtnmgemeenﬁdeﬂai@mm in &gmdmmatmlammg@damslanttcklly
0, .
over T B R A SRR rein
The Curﬁ@ﬂW@lﬁiﬂCﬂﬁlBﬂ&?thﬁidﬁS@ﬂﬂf}@Sﬁﬂt&@ﬁ@ﬁbIE@prm\ﬂdiﬂg’delI]TW,imli m 0.2%
otassi nmonium, calci ate sulfal de,
el QDA a Al P, TGS m s B g e
curdmeas geltsref ferrolusyint) Egppet). manganese, cobalt, and molybdenum.
Sphingans are secreted as capsular polysaccharides into the fermentation
broth. Mutant lostrag@\?{lﬁlg{ogﬂa Raying desirphipyproperties may be
used. In one embodient of thenvention, & mutant strain of S. elodea
thant isvdetielerititesHe pma@ﬁ%dﬁrafrwyﬁgdv@sz%m&rméC(mfi‘ct@)ih%a&ﬂ?s of
fermen@l?ot@ gﬁﬁ{%dé%}f’ecﬁxﬁ ﬁF&W‘iAPRi!ﬁ@HR{‘hN d&{%%é’rﬁﬁy '[l!eth fcunul{duon
Decembér 2. 2005, which is incorporated by reference in its entlrety
broth bygetheTiRAVEE BT PRSI éﬁw@ua&w@ ith (R feranmt aio broth with
a caustiRTREERSHASHEBGHNGEIRe, g\@ﬁ:ﬂ %R.'%EJ%EW&H&%H@H%@! Iagelianhe gellan

gums to be ‘achieved for either low acyl gellan gums or partially,

gum hadedbyfateeligelamaquitsieter OISR feh ettt Sty aiisidrd % gellan
gum cu‘i-‘éﬂh‘é?élygEI%rt&fcﬁgxﬁ‘%@ A?W@st?%@waMﬁr {tre suspended solids, including

the microbial cells and cellular debris that are part of the fermentation
Brotherpitibedipie et MErGORBroEEs SRSy el etakified iRt sigin. In another
embodﬁﬁéﬁrm?ﬁchﬁ{;@mumeﬂg%mmlgﬂ)ﬁr‘?c[?é A¥ednatead, b8 dcating to a
chemical/enzymatic process. Solutions 90obtained by addition of isolated
temperajyririgass by ebos PR Halanboyariaiy e abh g SETRIYHPRIdaRts In
combu@ﬁ@rﬁ@tﬁll%ﬂg%q MRS HREREBCESROLHAS INVERHaR cﬁgﬁ@q e SeIiaRsor
of sphingans containing undésirable fermentation solids useful in the
more SWHEEESSS o tHiY SRV BRTOH M AjOEBKttAZBBuUt 0.01% to about 10% sphingan
by, Wil Rfthe dotah weight 0f ihs SRIHBER LA AMISOUSARMEOM addition. the

containing any of the known sphlngans may be used in the practice of this
inventigBiNeAtBheatHe BIgRSEBETRRES0 60 AR genar guHRE st ﬂﬁ@fiﬁ%ﬂ%ﬁﬁ%t
about JHAVE&Srealen. 96! stienstidhandaw acylidelian auns iR iemsianart oFomn’.
example, Kelcogel(? CPDKeIe Atlanta.” GA products have a maximum
one empagellahthe m\@ai#wﬂefééfr edlasurg ST s et Do e takuValent to
conccn@rﬂ Lo pyemeien gal suanginstabpuihds GlemdhAsMeasiadid @mbodiment
Neo 30Curdmeter(r) (110 Electric Co., “Ltd., Japan). The gel strength of low
of the laeyng@na%eﬁiglh&w@%WW&&&UB@BW&&%HBQ@*&&. c_!,qfhé o gienbif least
about Q S H‘?t%gg sanatb el ke wrRes BRERIoNVE: cellan gums have a 1%
20081076719PCT/US2007/087111 this test procedure is 400 g/cm2,
gellan @hipPis’ Exe@ietisrp BivtRB AR GRS geMdn’ g (R B v Present invention.
Therefore, the gel strength test method has been modified to use 0.1%
geilan gum. The high performance gellan gums of the invention have a
0.2% gellan gum curdmeter gel strength of at least about 300 g/cm2. such
as at least about 320 g/cm2, Equivalently, the high 5performance gel lan
gums of the invention have a 0.1 % g&llan gum curchneter gel strength of
at least about 117 g/cm2. such as at least about 125 g/cm2, at least about
150 g/cm2, at least about 175 g/cm2, at least about 200 g/cm2. at least
about 225 g/cm2, at least about 250 g/cm2, at least about 275 g/cm2, at

least about 300 g/cm2, and at least about 325 g/cm2. Additional
ambodimente nf the nrecent invvention mav have O 104 aellan darimm



20

Rehydration and dissolution in water of sphingan clarified by the methods
described herein provides a substantially clear sphingan solution. A
WQatariidRy clear sphingan solution (1% 20w/w). according t®€Hid/52007/087111
invention, has a light transmittance greater than about 60%, preferably
greater than about 70%, and most preferably greater than about 80%.
Light transmittance may be measured at any wavelength in the visible
$be¢tmmnueingtnanmmﬁ@mfctedhmhqueshml eglipment¢éugls comprising the
mmerci bIe spectrophotometers). The I| ttra mittance i
novel SESLAY hECTEH AR a6 SbOLTIO LA b ARt e food
industr iZB]ht@WtaGyith[Hﬂm igupes of ghetpmsemmtve ntcomdn htwh & TPAehddnessIof
conen B R TR S5 D A0 ST AL R LR AR
inventlthﬁt\xdiat’[?/a@ﬂlmﬁ’gumbgﬁt (8%ﬂaasdumt§hof:mtde:asttabmﬁ 28 cmtmubtqaasildble
at least ;%75 cP, at Ieasr:t about 175 cP. and at least about 300 cP.
Commcwﬁ ‘?T@P"é U82007/087111 ENZYMATIC CLARIFICATION In
one embodlment of the |nvent|on the aqueous solution of sphlngans IS
clarified by a cB&HidalMyiy Y 1

£HINgan selulandn @ st ﬁE’Wh%%rf@éHE‘ﬁ[romf%t(?l%@h%ﬂ@ﬁ(@%h@ﬁds% curdmeter

heated. 2)treated with’one or more antioxidants in combination with 5one
gel strepglintie shiblagifd doentenatdecysorme ezl 3y%reated with one or
more surfactants, 4) treated with a protease enzyme. and 5) optionally

treated with giceAyiop® §PZY DRIPTIORE(FSE BiEA KYTIprigERheating an
aqueous sphingan solution to an elevated temperature hy conven il(t)‘gh

techniqURSSPSSEH A& taHerakitiFe KomrOeHs A0nRica¥si Gl #irese

having N}BEHRA candthelika s Pireabstean sjectiamis ﬁfﬁfelffﬁdrtﬁrmrmmizgrepdrmo

heatin y%tlme The 10clarification temperature rang sfro bout 30%}@ lated
partiall y depgvraed BrltgrabirdtdBETEAS SHaSE &0 “ﬁ‘tté{ Iéﬂ cacylate
gellan geauired E@\hﬁﬂ'{;ﬂlﬂﬁﬁblﬁg@mﬂ%ﬂl% td the desired temperatsesrhayrehydrated

vary SI nificantly depending up nt size and yolu eo th hln
000 A4 8 LR PP ARSI ELRA) Lake iy SuvaTa Procects
such asrﬂﬁ‘lLﬁﬁSﬂEG)slmﬁrﬂB@@omﬁ)tetﬂBW@ﬁ%Mf er@éz@tﬁmaud/dksmﬁ:(m@a ﬁﬂcmi) lofuid

sphi olution fromr om emper ture to abo t 60C, it may 15take
cleaner S ks FUTTIARY RS S LA SR AL 645,000 fters of

$ﬂ|@ﬁ|@@(ﬂ@-\)aﬁﬁma)bb&@ﬁ@ﬂemﬁiﬁ&hmlﬁl@tdﬁ’almﬂﬂes&t@) OPRénext glycerate

rises treating the aque qut on with opti
conten L o B GH e A B CHOREH RS o 1t o
Low acgih@dysozyme, endysoaby atecablyrdheragitenlis sphinghBaltieris and <1.0%
treated |th t least one nt, at Ieas one 20chel tln
scetate O R RSB oy i e A AN L ey Lt e elan
gums, &Oﬁmﬂii@dlﬁ& tangesdromiabaut fispartsipel millich £ prmaty tmcabel% 308ate, for
such a r about 150 ppm to about 250 ppm. Typically, the

 total %‘I%g]ﬁ l?ttﬁnéﬁ t?g)%s added to the sphingan solution at a concentration

r&pgingfrona sdiodéd F0N0D B ta Ghowt 2 QA g Stich hssfsonnaboati208uitable

m to about 500 The t |caII S0z mec ncentration ran es fro
stcins BB O B B2 MBI SO0 i U4 oM ADGLE S0 Bom Aot bro
by metho8s ppowT herseletionds mixedfoiabeuldl Hountedbooitaiheous;sudvabon.

about 1.5 hoyrs to about 2.5 hou;) % %abo t1.5 hou St abou}r%cr[t&% S:altosc.
nitrogep and inotepif ey HeesaEhih e RanY Satht B SSF ate“%%" ium
gucxoxt’fﬂﬁ}&bisutﬁtt&mmtasﬂum metahis bifites petassisnbisulfiteg sbifutidioxsdeyices of

asim S TSSO HORTILT o G St TR Sty vries
betwecionbiaa lmthecpmegsm ghisthventiediare tonupounds oryqouipDsitions mdterials
that am capable of sequestering multivalent metal ions (e.g.. mg2t ca2+
Mn2+, CuZ2t etc.) in the sphingan solution by forming poly-dentate
complexes with the metal ions and foAming a precipitate with the metal
ions or adsorbing the metal ions. Examples of useful chelating agents
include, but are not limited to. disodium ethylenediamine tetraacetate.
dipotassium ethylenediamine tetraacetate. tetrasodium ethylenediamine

tetraacetate, tetrapotassium ethylenediamine tetraacetate. citric acid,
tricodinim citrate trinotacceinim citrate <odinim hevametanbnenhate
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20animal, or microbially-derived source. After treating the sphingan
solution with antioxidant(s). chelating agent(s). and lysozyme. the next
We 89w theat the solution with at least one surfactant. The sBEHEESIYEPS7111
is added in a concentration range from about 50 ppm to about 400 ppm,
such as from about 150 ppm to about 300 ppm. The solution is then
agitated for a period of time of from about 0.5 hours to about 2 25hours,
may be sumhﬁsafgamcabougdnhourd@ abowt{tiBrbounsn pm&ﬁlﬁfa&téhlﬂeiqrnm‘%@ sources
include, &)}%Qlle o used‘lanh u ros% RS Of F@%Igye%pt&%qg(gcgg 39(% Qysates of casein.
Sitiors thatt are capable o orming aqueous emu sions in the
coin xlcppels@nnecmfihydrmpdsﬂldmlandxhydhmmkmb’lmwbmwww(s«?@ds ortliguidg)c or in
combmauone(rl?cbl}/ : %Sdl[.“'!%% %qg%“alre Yvat%{l (I)'L}IV{;}ISJ;(}‘ENF B%IO/S%I%QJSI ﬂmpﬁllénﬂﬁwm
or composi jons' xamples o “useful'surfactants mc]ude ut are not
mediunhrmtem;@ﬁm, smxdg&mtdodsoyhsmltamal(éSBDS{)OMWW@W@HES@W@WC the
YIS Rl RGBT Mol
C‘*“O”“H HdgHI g ‘ﬁlﬁeéﬁ%?}?gﬁcméé%éré t{ﬁr&or}%& %endﬁ ] e
phosphéﬂ@&ﬁf@ﬂﬁ?@fgﬁﬁfﬁlu82@0?&05@11311 phibEphates rﬁdmgméﬁdég«(@@ ggments,
such as N APROS0ALL 22l IRSYRIGABONQMYECIIAE S, AGBOOAR
onogdycerldes SUCC ylate ‘Fnono yeerldes ethoxylated
ﬁr;zbm@ysermsxmdmmimmsaq@m@dmaieslrpolywerén@néét@rr@mih Mutant
ropeEste s adlum isasovhlactylaie. RraRyiene gl Rales: anddhe
!
deg? § Ll\f%rte pre ef’a%? r’ISL 5(‘%?5 %Séd ash#ue surfactant. The solution is
mvcnncuheanrn'etateatwmhdtﬂedgtian&maéagg@wzyrw@ PradupheteasaorR i ydutyrate
cprpJRA N ﬂ:?P&LQ%HU@&'ﬂPL@%aPQ&éB{lﬂg RO ALY PAA0BETSYERRber 2.
from about 500 ppm to about 2000 ppm. and is mixed with the solution for
2005. witiouisOIB pipars!es ApoUEshousiisaehres fiomsebolta Hew aBBE deficient
strains. Q‘f’éﬂg WG IR QIERRE. 807 %é%@@%é@ﬁu@&%%‘hfﬁl@f ARESS MRy e Reihiuted

neutral or alkaline 10proteases from bacterial, fungal. or plant sources.

gellan Exempliry ey phbreasbeshoyrivesd aeH0IHERE pRotEdY sloaay HivkRbR sums.
'ﬁ&%@ﬁng %I%Fenm&lf{“dﬁ%clﬁﬂ:rp’r&@%%,ﬁéq{w%@ﬁ YIRS BARISEYAfrom the

e genus Aspergillus, such as“A. niger. The neutral protease enzymes

suspen @@baﬁgl it ths lpipb@éélscdflm@hw\l/éﬁtlmwﬁw@q‘daélrtsl&bareﬁhwméb%ht

fermenf %ﬁ%?&% REpAKICEY by: i ﬁf&?ﬁg@y%yﬁi’@%ﬁﬁm%ﬁ@m As described
amyloliquifaciens. The alkaline protease enzymes useful in the 15process

herein. gfaivieniticerigominetstaabutraidoidinihsenie MRANNG i Gieagis Soiutions

()l)talncﬂr9§i YEeSi &y Jpicreqraanizms f e penvsBRacling sHGHLRS RuduilishidSin
licheniformis, and B. pumllls proteases elaborated by species of

solutiomstrapramigdesslatiflahus B hripiecss gFidub s aprian rebla SaspRrprolseas of

sphingSRIBIRE fram, subiligins:SHER @S SURHIRIN NRYe-ARd srRblsiy harlsheffion may

including proteases such as subtilopeptidase A and subtilopeptidase B.

contairgdeidi) | & celliivsel Bfzsphnap nseigy abided Hthe sinahtagispiution. Any

dqueou@ﬁﬁ%&‘?@%‘ﬂﬁﬁ%‘@@%f‘ RRAUE: @S?NH@%PH&?IMQ%@% Cﬁ:%éﬂ{:@@thm
in'the process of this invention include, but are not limited to. Celluelast@

inventigE (Novozymes A/S, Bagsvaerd, Denmark). Multifect(r) CL (Genencor

'@P@Hﬁs‘ﬁ%@l@lﬂ%a?@'&ﬁl@i %&Dad\@ldm&e&@e@\%ﬁ RINENRRrBIerNatRN&kength

Inc.. Palo Alto. CA). and the like 25The enzymes used in the enzymatic

than logreugtvh e Gty deamuqmrtsdﬁ@r@éﬂﬁ!ﬁ%ﬁd%@l@%@b&ﬁﬁd&ﬂae rﬁ&?@m GA)
producﬁaﬁ‘ﬁ%r’?m% 1HH5IRG,1BE ILRCOME YLRIREES Se N R HBRT OY NG the qaugib: £F

he sphingan product and aiding in the clarification Jprocess. which
(eﬁlUW#ﬂblréﬂ/é&P%gwﬂ&%@b%f tHE PRI Hrb B &N &ritFSBeHER( BY 6O

Cu rdméQ:”‘@?ﬂO Electrilt 830yldibe paigd thatthe degree eialaiificalion.aéiestachve. in

by treatment of the sphingan 30solution with chelating agent(s)
the pashripsRiaREhidnSa O3 (&5 ARay BR REELRE. &S e B8cE ity atisepgpr end of

the time required to complete the subsequent enzyme treatments. For

example, WO 20081076719PCT/US2007/087111 increasing the amount

of the chelating, agent(s). antioxidant{s), and surfactant(s) used in this

process may decrease the amount of enzymes used and/or the time

required to affect clarification of a sphingan solution. DEACYLATION

Either before or after clarification, the gellan gum may then be deacylated

with one or more strong or weak caustic agents. such as potassium
hvdrovide <oditim hvdrovide triecodiiim nhoenhate and the like Potacceiiim
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beverages. confections, jams and jellies. fabricated foods, water-based
gels, pie fillings, dessert gels, icings, dairy products, such as yogurts,
WHBIAYS 1vhips, creamers. gelled milks, and ice creams, and@¢iéUfiRa07/087111
Additionally, the subject gelling agents may be used in gelled pet foods.
microbial and tissue culture media, liquid cleaners, toothpastes, soap and
body washes. WO 2008/076719PCT/US2007/087111 deodorant gels, aft
this tesfresheher geldpspfthcapsubdsiaatotial kndwmandugeiab applicatibsarent
inventid o) Pll%l(ij'%]eclﬁhyg]gl ) rlllﬂq rformangs.haragcienisties of the el kap Qumh gum.
described herein‘enable the gel lan gum to provide gelling functionality at
[blneri gopeehtrationsztibm thenstahdareveonembreially S7aitabie! B ey meter
ool crregella ns, The niratiqp af.ge u eslis from about. it i
SR it R L L St T i N
perfornabontzZB% less; abowtiBogk tondhoat 6%l eskamadralboiteBes 2ol absig!h of at

Lo 12270 |ess, than the coneentrati he.currently. available commercials: ub
oo O L LSS I8 L S gt o

175 g/ca:mzstc}smz_ing@@ndwlemséeﬂémgm@uto?&é gjsﬁé\@emmiwvﬁ@cg(ﬁw at least
about ﬁ@@%ﬁ\“ ons e JH '3%]%9&%%98 ly, loweer, COSt 811G FIents: SHeh as

agdr, could be used. he high performance gellan gums of the
embodmeg§mf im;aemﬁmm@gpb@qug@ganm&}ﬁﬁg@jﬂ@t@ymﬁum@_ﬁ@r gei_ strengths from
about 13mﬁﬁﬁﬂ{%%&hﬁ'@@gf&%@mﬁ%ﬁ&ﬁ'h%%ﬂ%fl‘? £ UREEHIEL MU JAYEY and from

essert gels. The thermally stable gellan gum network helps maintain the

about IQfapendfithebdeiss&egels with unique designs and patterns during

PR #ﬁéi@&-ﬂ&.ﬁé%\J he efiactiveness ofgsliamaumHn d aRravidingdth®lccular

~heat stability can be evaluated by visual observation or rheological

weight prapuishhe pemmergi i stie i BodReEric iRe Feman Yl b (dgradunt o a

specifil YEBHPRRQYICE; DEAL SRy fRrEHMMY CaniRsiians:Feahstapili/jrsent

_ ‘gummy confections can be evaluated by measuring the increase in

inventigahaetaiortieey BRimYcoaHIcbasit BS Hpedonie s Barsiiies Arbaisensr weisht.
YRt RRABET EMbediRaRtek: @&U%mﬁ.@egmwgﬁ?xl&@Uﬁfaeg}gam@ wsed the

. as the main 20structure component in drinking jellies to provide the

inventighdrartawignt Sl geriBsHeing a WHsHRY RAMSSTImEROeRe invehedhdebris.

RehydRIRAAES RENG e lugh d]%fﬁﬁfﬁlgﬁﬁ‘ CRGEHAD PHASINIRARIUAGKHDE Wl n
other gelling hydrocolloids, such as in water dessertrgel systems, to

providgirgvihs wbsirate gahiagtine hgeNiHPHy el dids Whieaty wiaien (1%
wiw). YB-a61AR gymaJRcidenhul aunnellimitechie. Sal@088RARout 60%. preferably

carratteenan/locust bean gum systems, 25carrageenan/konjac systems.
greaterghanadital) Gurnbeest Besi Glnesssteman ExaMBlEs Lightippsmittance may
be medQllOWing SramRigs Rrovide ilustiatipns hthgiRressntinwalioRaigues and
~ should not be misconstrued to limit in any way the scope of the present
eqUIPTSPEHion SNOCIEHBY O YE ISP OTIIGRONASET 1L 1 TEX APy gy itance IS
Lypica}?ﬁwﬂa%@i%ﬁwmwé@%%1&%@%% A Gidneurdmeter Gel
t

rength Analysis 4500 L of fermentor broth from the fermentation qBatch
Ne0BOSE6 YRR PHBIGITERAL Stramion B @ddda \Wiedqesad apgst about
9 1b.. SRMRERTIS AhaR ¢5a8d Aixed ¥t meshanicphHagitation With Low acyl gellan
continued mixing. 200 ppm of sodium sulfite, 1OOUpCpm Lysozyme. and 250
BUIS R ARSSERUEDOR Metdardeloemianeneior Cr Fsgaiyharigast about 25
cP. su@PRIRURKSYHRIXEd for R eursyYhite Hre JRImeRiQr ismpeamivre was
controlled to maintain the elevated temperature. Next. 250 ppm of sodium
dodecyl sulfate was added to the fermentor broth and agitated for one
hour. Afterward, 1000 ppm of protease enzyme was added to the
fermentation broth and mixed 10with the fermentation broth for 3 hours.
Potassium hydroxide was added to the broth to achieve a pH of 11.34 in
order to deacylate the polysaccharide. The broth was recovered by
heating to 100 C. adjusting the pH down to 5.59 with sulfuric acid, and
precipitating with three volumes of anisopropanol/water azeotropic
mixture to one volume of treated fermentation broth. The precipitated fiber
was dried in a tray drier and 15milled to a fine powder. A one gram
sample of the dry powder was reconstituted in 950 ml of purified water at

ambient temperature. The powder was dispersed by mixing at 600 rpm for
ahoiit 2 mintitee The healkar containina the ecampnle wace nlaced in a watar
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25 measurement. a 100 gram spring, an extension rod. a 5.6 mm plunger,
and a 100 gram load cell weight were used as described in the Neo
W@ AEter{r) operating manual, For this sample. the 0.1% gr&8RTICUraMEHs7111
gel strength was 317 g/cmz. WO 20081076719PCT/US2007/087111
EXAMPLE 2 Enzymatic Clarification, Product Recovery, and Texture
Profile Analysis 4500 L of fermemor broth from the fermentation
(Batch No. 01305443) of a PHBdeficient strain of S. elodea was heated to
d HEBA BN mixed with mechanical 5agitation. With
ceptinved mixing: 08 PR A Sodivm Rilfite s 400 nPom Lysezyme; andizeby a
ppm disodium EDTA were added to the fermentor. The reagents were
chemicagrthnously iRedCfor b HoursLEIlBCtRR B BB BN RIMPer i g8 nner
The ferGRRTRIS I8 MRINtaIR the slavated teMRERANNIG o Nexti 25Q.pRIMQfsadiimon with
dodecyl sulfate was added to the tormentor broth and agitated for one
one or O CPREIMRIEETO00 b AICF PIEIEASE Y MBIRASVHIREE 3 thye surfactants. 4)
rreated ERERRHORLDIN A0 Axed Q}Ngﬁﬁth@aﬁ%mﬂﬁt&ml Rrethcfarhhours.
Potassium hydroxide was added to the broth to achieve a pH of 11.13 in _
dideling tenegratsithe FosacarnaHaR:s SPFaThIB WAL AR Slrapkgggmperature
by conERHRG RHAR fosadiLBURgtRgeRALAOMIN (01D it @ulflric atid ardm
precipitating with three volumes of an isopropanol/water azegtropic ..
injectiomisskEtd Bie NERINEOMraePrhEHETh BIatA M AL GRItaEd Fiber
clarific¥YR% Higgeinatr andrieranddamilecteafing PowCasrofe ks gram saompled °C o
of the dry powder was reconstituted in 305 g deionized water and allowed
about 6 frix ACARMBIEH ta P BBt LIRS WthER00S SHT SHHING o BHE iR efgmperature
may vaRIXIUEewas Dealrdde 9psn alterwhichheheat spuisiavsas shutieffio be
and the mixture was stirred for one minute, Next, 3of 0.6 M calcium

treated ey ot SHR) ek WO VRS elFer IR SATFHERH RO Sl iUl RS #e ©f @
small WIRIBRYPltheomixiuie was-Rroiait pite 3ot WithpApieheaied.derizednay

water and stirred again for 30 seconds. The suré ce ajr bpl:éb!e were
take scySHOVRH Wt B HBBEA AR THE IO WEhS A i PR Bt 25 ey
be prestnalysisdnkiiAv) sioesgaated with grease. which was held overnight to
%S. The gel was then tested by TPA (Sanderson, G.R. et at, ,'I'h'eI least
SEHE1FS OF LB EMAPPE I SIS EimG UERE S RABMroP tHE SO ey 2t ees
one andotifnd24pi1aR8)) BIGh dsaceempression. test 250k {reecstandingegelsyme.
Samples were compressed to 20% of their original height at a rate of 2 =~
PreforaBBindig MHGES SARCH OIS i HFRS ‘HHRHR B o By e o
chelatiffeagureshdhadiardnesgsmeaseamant Was the snakimumisforpediyringled in
the first compression cycle and represents the g?IIin%& erfﬁ{)’nance [ < from
concendfriRgN8FNE BathpIE. /& RASHAHIRELETOF BB IB° WAL eastied > Wd'
about PADSHA 16 163RCTIYSRO0IRE AL LIAMRINE S durzymatidcdlarifieapbmgan
. Product Recovery, and Hot Viﬁty Measurement 4%8@ L of ferrrlllent%m about
solutiogriif} FUIGF IS YOO VB ARSI No ot $245°8¢ 4 PE R deticien
200 p;ﬁH&iEEﬁ@ .a'lem(d@a.waseh%@m ﬁ@@z%emmemmmbmz@@azdmm?tw&mpm o
mechanical agitation. With continued mixing, 200 ppm of sodium sulfite,
about DGR3 el 2R oSO LS R Webr SORUEY TR for 2bout |
hour tdeimentateiiesrengentHWers sontinuousiy Mixeeiter iddbours Whilerthe about 2
fermentor temperature was controlled to maintain the elevated
hours.temperature. Next, 250 ppm of sodium dodecy! sulfate was added to the
fenmeaniandieth and moitaiadtosonadium Afteiwand:, 000 ppmeabisulfite.
_protease enzyme was added to the fglrmentat(ij%n b[&jh gw rrgixec! lQV\(ith steine
PoLSSHI FIRHBIILGH BREHY P & KOUKS: POIASSIGRYy APoRHE WS Sad8Y Yo the' "
or sod rethte@chieve a pH of 11.48 in order to deacylate the polysaccharide.
The broth was recovered by heating to 100 C, adjusting the pH down to
5.4 with sulfuric acid, and precipitating with three volumes of an
isopropanol/water azeotropic mixture to one volume of treated
fermentation broth. The precipitated fiber was dried in a tray drier and
milled 15to a fine powder. A 3.0 gram sample of the dry powder was
slowly reconstituted in a beaker containing 300 m.L deionized water, while
stirring, in a 90C water bath. The hot beaker was weighed on a balance,

and the contents of the solution was brought up to 300 grams with
Aeionized water and mived for 20 ceconde llcina a 10 int ovrinae K mi
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20connected to the hot water bath. Using spinclic iffl 8, which was

preheated in the water bath, the 1% within gum. 90 C hot viscosity was
WOorgasired at a viscometer speed of 12 rpm (the rpm was adjR§tESYeR&As7111

the viscosity measurement was in range). A hot viscosity of 239 cP was

measured. The hot viscosity is believed to be related to the molecular

weight, and hence gelling performance, of the polysaccharide sample. 25

EXAMPLE 410, 1% Gurdmeter Gel, &tr@ngﬂp Gmmarismmdﬁemogel(zoramndq
High Performance Gellan Gums A num f4500 ILter S, elo - Ca¥ Folt
or “)mR@?Hﬁ%?ﬁé‘ﬁﬂn‘%é‘r%’é%ér‘@%f&?fﬁ@& %amsr&ﬁs&«m N y‘mané ‘ '

Mn™, dréatmentprecessichExample by exeeplthe deaacylation pht.ashievedafteral ions
30the potassium g/dromde addition v §%rled from batch to ba

a0 Tor B MRIGN DR b WS SOBULF SFIOP AT 200 R er!

chelatinegemaradda dnbpoweasaseoreing. mmmaﬁe;zlunecnﬁﬁmmleaa;cﬁhe
0.1% iJﬁH ger gel strength was me?sured crlbed in Exampc
&ht

civots i A EMAGH AT CHBSE) o s “4r 6110k Furapaatar gl
tetrapotatigngtiare shivwnmiie Eakled:adoog Wliblﬂh[ﬁ&ﬂﬂmfnﬂmm“y :waxtabim lowate.
di T\ébgllla@ﬁmbatches elco elOf T arlson Th )“Pc (Qd%mm
oo TN G St bR S ErH A PG i e
polyp 1@)ﬁhaf¢mﬁﬂt&hbﬁ3ﬁﬂ$qﬁﬁ)ﬂﬁﬁblﬁ ﬂmt@&@ltﬁi@f@ﬁh@ph&@Nﬁ@ﬁb@@d(ﬂhﬁogeﬂgham
ormajnce Cel atch/LotN

MOoNOpLassit ign Peé n O“éf] 1 OB acv'%st’ll%] %JI no p%o%phalc
%Lﬁ%r’ﬁ éﬂ%‘th m ‘Reelcc? et(r) 1ot BOSHOTA 2
tripotaskielaggel@hlot 503908 Aimeh@8:8, lﬁ&lmget(r})donﬁﬁoa%&ﬂumaﬂ&@z@itu potassium
blCcllbOgé%gG?%gll%[gfg lgg csxsc ‘91%9:519914{ %tﬂ'_\:}'lglze 1Z:?l1%8@?69%?:3{1]]6?’?90;" &gylenediamine
diacetate. ethylenediamine lithium salt. ethylenediamine dihydroiodide. and the like. Preferably.
the chelating agents used in the process of this invention include citric acid. and salts of
ethylenediamine tetraacetic acid. citric acid. phosphoric acid. pyrophosphoric acid.
polyphosphoric acid, carbonic acid. metaphosphoric acid, and cthylenediamine.  More
preferably. disodium ethylenediamine tetraacetate or citric acid is used as the chelating agent.

The lysozymes suitable for use in this process include the Multifect® lysozyme
(Genencor International. Inc.. Palo Alto, CA) or any lysozyme that may be obtained from a plant.
animal, or microbially-derived source.

After treating the sphingan solution with antioxidant(s). chelating agent(s). and lysozyme.
the next step is to treat the solution with at least one surfactant. The surfactant(s) is added in a
concentration range from about 50 ppm to about 400 ppm. such as from about 150 ppm (o about
300 ppm. The solution is then agitated for a period of time of from about 0.5 hours to about 2
hours, such as from about 1 hour to about 1.5 hours.

Surfactants that are suitable for use in the process of this invention are compounds or
compositions that are capable of forming aqueous emulsions in the presence of hydrophilic and
hydrophobic substances (solids or liquids). Preferably. the surfactants are water or water-alcohol
soluble compounds or compositions. Examples of useful surfactants include, but are not limited
to. sodium dodecyl sullate (“SDS™). polyoxyethylenesorbitan monooleate (TWEEN 80 by ICl

Americas. Inc.. Bridgewater. N.1L). lecithin, monoglycerides, tartaric esters of monoglycerides.
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GB05255-1 10.9 142 GB05341-6 11.06 157 0B04555-1 11.35 340

EXAMPLE 5 Texture Profile Analysis of Kelcogel(r) and High
WPMsEhEe Gellan Gums A number of 4.500 liter S. elodea PEIEREIEN7111

batches were clarified using the 10chemical/enzymatic treatment process

of Example | . except the deacylation pll achieved after the potassium

hydroxide addition varied from batch to batch The treated. fermentation

phosphRi@dhvascecoveret:1o. qr«gy[mewdms@@Q@fd&@g}t@qﬂnﬂmﬁq&dm@gm&urample
1. The Texture Profile Analysis ("TPA") w as measuE 8%8 desc ibed jn

ey D TR oA SRR ADLF dOAESHLAEN BT o g sorien
esters, PaIP@ssa(ia,)aresshanm sid: @b‘le(ﬂo‘&lem@WItbdhlﬁee;le@mymemlﬂﬂye propylene

alycol available low \[Eﬁfé/qﬁ ella bgfl_g es 'Q?&e'%ﬁ} for companson The

e sHWIRA %9,0? WEY%‘#I% Uas": |§ “SigHif Ehnt V' Righer for the
emefmamalshatmhe@m\dv@120@84@%%%&%58&@&%08%1@ ablecdzyme is

added i TPA ComE\l rfson of Kelc?qg%lel%ﬁang HI% gﬁgorrqlanc ]aor;n MS <00 nom to
BACAIE N DALEDMAP T A ML (17517 & RAICKERB Tl *00 PP

about BOBIPA ma.iskeleapeithlaicbcRIBAomeboti D selcogeald dob HOBRABA sualh as

from alZogtolBi%Gu(?%g a%olujf 4‘11 %Ol,li%

The protease enzymes suitable for use in this process may be acid. neutral or alkaline
proteases from bacterial, fungal. or plant sources. Exemplary acid protease enzymes useful in
the process of this invention include. but are not limited to. proteases produced by
microorganisms of the genus Aspergillus. such as A. niger. The neutral protease enzymes useful
in the process of this invention include. but are not limited to, proteases produced by
microorganisms, such as Bacillus amyloliquifaciens. The alkaline protease enzymes useful in the
process of this invention include. but are not limited to. alkaline protcases produced by
microorganisms of the genus Bacillus, such as B. subrilis. B. licheniformis, and B. pumilis;
proteases elaborated by species of Streptomyces, such as S. fradiae, S. griseus and S. rectus: and
proteases obtained from subtilisins. such as subtilisin Novo and subtilisin Carlsberg, including
proteases such as subtilopeptidase A and subtilopeptidase B.

Finally. a cellulase enzyme may also be added if the fermentation media contain
cellulosic residue. Examples of cellulase enzymes for use in the process of this invention
include. but are not limited to. Celluclasit® BG (Novozymes A/S, Bagsvaerd, Denmark).
Multifect® CL (Genencor International, Inc.. Palo Alto, CA), Multifect® GC (Genencor
International. Inc.. Palo Alto. CA). and the like.

The enzymes used in the enzymatic treatment step(s) degrade the solid cellular debris to
compounds more casily removed during the recovery process. thus improving the purity of the
sphingan product and aiding in the clarification process. which improves transmittance of the
sphingan product when reconstituted into solution,

It should be noted that the degree of clarification affected by treatment of the sphingan
solution with chelating agent(s), antioxidant(s). and surfactant(s). may affect the enzyme

concentrations or the time required to complete the subsequent enzyme treatments. For example,



10

20

25

23.3 0B05664-1 11.27 36.1 0B06405-1 10.52 25.5 0B06602-4 ma. 11.9
01305663-7 11.63 14.9 GB05443-4 11.6 19.8 EXAMPLE 6 Hot Viscosity
WQreagrement Comparison of KelcogelC) and High PerformaR€Ed/GEWiA/087111
Guins 5A number of 4500 liter S. elodea fermentation batches were
clarified using the chemical/enzymatic treatment process of Example I,
except the deacylation pH achieved after the potassium hydroxide
increasadditiomyaniedifroam:bateh g @bﬁtc{h)ﬂm&imaﬁed%rmenuafi&niMBihlwééll this

____recovered to (M/ owder according to the procedure of Ex €
proces b4 i HHeHREPEHL: st 'éfi%‘rﬁp SRR Lkl Mieation
of a spthateh pumier, deacylation pH. and hot 10viscosity (centipoise) are shown

in Table 3. along with three commercially available low acyl gellan gum

DEAC‘QEE&J?@[%KHCOQG”) for comparison. The data show that the 1% gellan

hot viscosity values are significantly higher for the experlmental
kﬁhtbhéseffﬁabieﬁlch-loitdvf%@mty GongpansomobRelbeyeK e Hfghvith onc or

erfo l t 0 1€ isodiuz
o TS TSI N R i

phosphmglgmgel(q:)ilb@ 508928 AN ydrggie is the preferred caustic agent. In one embodiment,
the deacylation occurs after clarification by a chemical/enzymatic process. In another
embodiment. the deacylation occurs before clarification by a filtration process.

Enough caustic agent is added to increase the pH of the fermentor to a range from about
9.5 to about 12.5. such as from about 9.7 to about 11.7. The broth is then heat treated to a
temperature of about 190 °F to about 210°F. After heating. the pH is lowered with an acid
solution. such as sulfuric acid. hydrochloric acid. or phosphoric acid, preferably sulfuric acid. to
a pH of from about 3.5 to about 9.0. such as [rom about 4.0 to about 7.0. It should be noted that
the extent of deacylation and the properties of the resultant gellun product are affected by the
level of alkali treatment. For example. if a strong alkali treatment is used, then the gellan gum
will be further deacylated, producing a more firm and brittle gel, and the molecular weight will
be reduced. such as in the currently available commercial product. On the other hand. if a milder
alkali treatment is used, there will be less of a reduction in molecular weight, and at even milder
alkali treatment levels, the gellan gum will have a higher acyl content (.e. partially deacylated),
which will form a more flexible gel.

After deacylation. the gellan gum may be precipitated by methods well-known in the art.

such as by the use of isopropy! or ethyl alcohol.

FOOD AND NON-FOOD INDUSTRIAL PRODUCTS

The subject gellan gums are useful as thickeners, e.g. in the food indusiry. such as
beverages. confections, jams and jellies. fabricated foods, water-based gels. pie fillings. dessert
gels, icings. dairy products, such as yogurts, puddings. whips. creamers. gelled milks. and ice
creams. and the like. Additionally. the subject gelling agents may be used in gelled pet foods,

microbial and tissue culture media, liquid cleaners, toothpastes, seap and body washes.
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0B06623-8 11.42 178 0B05664-1 11.27 836 0B06405-1 10.52 380
GB05663-8 11.63 45.6 0B05662-6 11.34 194 0B04-555-11 11.74 25.5 15
wWavesee81076719PCT/US2007/087111 EXAMPLE 7 Effect dHJEaAeT111
pH on 0.1% Curdmeter Gel Strength A number of 4500 liter S. elodeo
fermentation batches were clarified using the chemical/enzymatic
treatment process of Example 1. except that the deacylation pH was
deodorMaried Sduringtherecqveary offhadaieh byidneifying the potassiumions of
) hydroxide addition levels. After deacylation. the treated, deacylated
m‘C‘UbY‘Jrﬁ‘réhtatlon broth was recovered to dry powder according to the

m&cmwsmfoﬁmmplﬂm&I[Iaa@lds"/@rquedgaeﬁterogei gtrengt wasimeasirek gellan
as described in Example I. The fermentation bat Tmber de c lation

s 10 R VARG 156 BLREHABIAF 521 SUPSGE AT GHBr TARIE 4 FHD Be L 1Y
availabthas dypicalyianighes. Cﬂlrﬂr[@{e&lﬁﬁhﬁilﬁeﬁ@&hlt&@@hhaved &Sllﬂﬁhex()u[ 15% to
o SIS P lonsloc Tl £ teieton et Dol B son
10 about 65% less. and about 35% to about 55% less. than the concentration of the currently
available commercial product (Kelcogel®) used. The reduced amount of gellan gum provides
cost savings and allows getlan gums to be used economically in other applications where, until
now, only lower cost geliing agents, such as agar, could be used.

The high performance gellan gums of the present invention may be used to impart heat
stability, In one embodiment, the high performance gellan gums are used in multi-layer dessert
gels. The thermally stable gellan gum network helps maintain the shape of the dessert gels with
unigue designs and patierns during pasteurization at 85 °C. The effectiveness of gellan gum in
providing the heat stubility can be evaluated by visual observation or rheological measurement.

In another embodiment. the gellan gums of the present invention provide heat stability for
gummy confections. Heat stability in gummy confections can be evaluated by measuring the
increase in diameter of the gummy confection as it becomes deformed and melts.

In yet another embodiment. high performance low acyi gelian gums are used as the main
structure component in drinking jellies to provide the characteristic brittle gel network.

Another embodiment of the invention provides for the use of high performance gellan
gums in conjunction with other gelling hydrocolloids, such as in water dessert gel systems. to
provide a desirable gel texture. The gelling hydrocolloids typically used with gelian gums
include. but are not limited to, carrageenan, carrageenan/locust bean gum systems,

carragecnan/konjac systems. and xanthan gum/locust bean gum systems.

EXAMPLES
The following examples provide iHustrations of the present invention and should not be

misconstrued to limit in any way the scope of the present invention.

8|



L

10

20

25

Gel Stren2th (R/cm2) GB06622 10.0 323 10.2 310 11.19 259 GB06610
11.38 325 11.4 316 11.54 301 GB04555 11.35 340 11.74 186 GB06612
WQe098%397191.27 316 11.8 294 EXAMPLE 8 PCT/US2007/087111

EXAMPLE }
Enzymatic Clarification, Product Recovery, and 0.1% Curdmeter Gel Strength Analysis

4500 L of fermentor broth from the fermentation (Batch No. GB05662) of a PHB-
deficient strain of S. elodea was heated to a temperature of 50 °C and mixed with mechanical
agitation. With continued mixing. 200 ppm of sodium sulfite. 100 ppm Lysozyme. and 250 ppm
disodium EDTA were added to the fermentor. The reagents were continuously mixed for two
hours while the fermentor temperature was controlled to maintain the elevated temperature.
Next. 250 ppm of sodium dodecyt sulfatc was added to the fermentor broth and agitated for one
hour. Afterward, 1000 ppm of protease enzyme was added 10 the fermentation broth and mixed
with the fermentation broth for 3 hours. Potassium hydroxide was added to the broth to achieve
a pH of 11.34 in order to deacylate the polysaccharide.

The broth was recovered by heating to 100 °C. adjusting the pH down to 5.59 with
sulfuric acid. and precipitating with three volumes of an isopropanol/water azeotropic mixture to
one volume of treated fermentation broth. The precipitated fiber was dried in a tray drier and
milled to 4 fine powder. A one gram sample of the dry powder was reconstituted in 950 ml of
purified water at ambient temperature. The powder was dispersed by mixing at 600 rpm for
about 2 minutes. The beaker containing the sample was placed in a water bath maintained at
approximately 100 °C.  The mixing of the sample was continued until the sample reached 90 °C.
Stirring was then continued for an additional 10 minutes. 10 ml of 61.6 g/t calcium lactate was
then added to the hot sample. and stirred for an additional minute. The sample was then adjusted
up to a total solution weight of 1000 g by adding hot purified water. The sample was mixed for
an additional minute, and then poured into a jelly cup and stoppered. The sample was then
placed in an 8 °C water bath for about two hours.

Gel strength was measured on a Neo Curdmeter®, Model ME-303. For this
measurement. a 100 gram spring. an extension rod. a 5.6 mm plunger. and a 100 gram load cell
weight were used as described in the Neo Curdmeter® operating manual, For this sample. the

0.1% gram curdmeter gel strength was 317 glcn’,
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Effect of Deacylation pH on TPA Hardness and Hot Viscosity A number of
4500 liter S. elodea fermentation batches were clarified using the
WQ geMdnicH/enzymatic treatment process of Example 1. excepe#BipE/087111

deacylation pH was varied during the recovery of the batch by modifying

the potassium hydroxide addition levels. After cleacylation. the treated,

deaeylated fermentation broth was recovered to dry powder according to

the procedure of Example I. The TPA hardness and hot viscosity were
E;,_XAMrﬂbEsMred as described in Examples 2 and 3, respectively. The

Enzyma ti%lt 120 ?:tx(,; N ou ct e%??f_ﬁg,aé lon-pHy IR %nﬁ{ﬁﬁgﬁqiﬁgand hot

VISCOSI y are ghoin in ata show that typically higher TPA
Hedttihess tatuestan: m%fgﬁﬁahf:Fﬁ@me@@l@htﬁ yidedisitie s ardaeievEd Bs

{jeflClBgl?%éorre%fyl§U8 QLOW?JEQAIEW EPQ§ Ql d@t?%%galg SRQQYAQ.')%?\J'lH FI%I%UCdI

ation etween eacy ation A Hardness and
agitatioviisobgities Batek/ oK Ng. I@@amnambrp@bwrm Hmrﬂ?ﬁb@@?@b})*%’tm& and 250 ppm

disodmdlésggj'ﬁ &%@ (%%94%2(}%%1#5%90% Ik, %%Zée‘f’f’ c%n”u%%sjrﬁl% ¢&iTor two

11.13 23.4162 11.48
hours while the fermentor temperature was controlled to mammm ihe elevated temperature.,

Next. 250 ppm of sodium dodecyl sulfate was added to the fermentor broth and agitated for one
hour. Afterward, 1000 ppm of protease enzyme was added to the fermentation broth and mixed
with the fermentation broth for 3 hours. Potassium hydroxide was added to the broth to achieve
a pH of 11.13 in order to deacyiate the polysaccharide.

The broth was recovered by heating to 100 °C. adjusting the pH down t0 5.51 with
sulfuric acid, and precipitating with three volumes of an isopropanol/water azeotropic mixture to
one volume of treated fermentation broth. The precipitated fiber was dried in a tray drier and
milled to a fine powder. A 1.5 gram sample of the dry powder was reconstituted in 305 g
deionized water and allowed to mix at ambient temperature with 800 rpm stirring for one minute.
The mixture was heated to 90 °C. after which the heat source was shut off, and the mixture was
stitred for one minute. Next. 3 mL of 0.6 M calcium chloride stock solution was added and
stirred for an additional minute. The weight of the mixture was brought up to 301 g with
preheated deionized water and stirred again for 30 seconds. The surface air bubbles were
removed with a spoon, and the solution was poured into Texiure Profile Analysis ("TPA™) rings
coated with grease. which was held overnight to gel.

The gel was then tested by TPA (Sanderson. G.R. et al., The Texture of Gellan Gum
Gels. Gums and Stability for the Food Industry, 4:219-227 (1988)). which is a compression test
of free-standing gels. Samples were compressed to 20% of their original height at a rate of 2
inches/minute twice, Modulus. hardness. brittleness and elasticity were measured. The hardness
measurement was the maximum force during the first compression cycle and represents the

gelling performance (gel strength) of the sample. A TPA hardness of 25.7 |b. was measured.
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95.1 11.60 19.8 76.8 GB05664 11.27 36.1 836 11.37 28.5460 11.57
25.6 188 11.62 24.5 140 0B04552 11.2 19.7 121 11.610.8 19.7
WEXNANIPIEY9 Relative Molecular Weight Measurements by GRET/US2007/087111

Permeation Chromatography/Multiple Angle Laser Light Scattering

("GPC/MALLS") 5Dilute aqueous stock solutions of commercially available

KelcogelO and the high performance gellan gums of the present invention

were prepared by dissolving 0.20 gram of the gellan sample in 200 nil of
EXMM:@@;‘ézed water along with 0.01 gram of ethylenediaminetetra-acetic acid

I nzym FAER cﬁP'PFQ&%YVR{%Jl%?}EQJQ POGy celad pskthemeliuted to

e c osen concéntration (0.033 to 0.050% gelian) in 25 iriM tetrameth
aﬂ»&ﬁﬁbh.uﬁrhcc:m@ndebwmdfrpwaéq@pﬁém@u@ry e dﬁ%r@@&%%@?%@%ﬁ

deficzell:{%(ram of S. elodea was heated to a temperature of 50 °C and mixed with mechanical
agitation. With continued mixing. 200 ppm of sodium sulfite. 100 ppm Lysozyme. and 250 ppm
disodium EDTA were added to the fermentor. The reagents were continuously mixed for two
hours while the fermentor temperature was controlled to maintain the elevated temperature.
Next, 250 ppm of sodium dodecyl sulfate was added to the fermentor broth and agitated for one
hour. Afterward. 1000 ppm of protease enzyme was added to the fermentation broth and mixed
with the fermentation broth for 3 hours. Potassivm hydroxide was added to the broth to achieve
a pH of 11.48 in order o deacylate the polysaccharide.

The broth was recovered by heating o 100 °C. adjusting the pH down to 5.4 with sulfuric
acid, and precipitating with three volumes of an isopropanol/water azeotropic mixture to one
volume of treated fermentation broth. The precipitated fiber was dried in a tray drier and milled
to a fine powder. A 3.0 gram sample of the dry powder was slowly reconstituted in a beaker
containing 300 mL deionized water. while stirring. in a 90 °C water bath. The hot beaker was
weighed on a balance, and the contents of the solution was brought up to 300 grams with
deionized water and mixed for 20 seconds. Using a 10 mL syringe, 8 mL of solulion was
injected into the small sample adapter cup of a Brookfield LV viscometer with a water jacket
connected to the hot water bath. Using spindle #18. which was preheated in the water bath. the
1% gellan gum. 90 °C hot viscosity was measured at a viscometer speed of 12 rpm (the rpm was
adjusted so that the viscosity measurement was in range). A hot viscosity of 239 cP was
measured. The hot viscosity is believed to be related to the molecular weight, and hence gelling

performance, of the polysaccharide sample.

EXAMPLE 4
0.1% Curdmeter Gel Strength Comparison of Kelcogel® and High Performance Gellan
Gums

A number of 4500 liter S. elodea fermentation batches were clarificd using the
chemical/enzymatic treatment process of Example 1. except the deacylation pH achieved after

the potassium hydroxide addition varied from baich to batch. The treated fermentation broth was
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The GPC/MALLS system consisted of a Waters 600 controller. a Waters
610 HPLC pump, a Waters 717+ autosampler. a series of two GPC
WQANHHSTE 30 cm Waters Ultrahydrogel 2000 column and a 3§ EHSAPATEIE7111
Ultrahydrogel Linear column). a DAWN DSP laser photometer (Wyatt
Technology Corp.. Santa Barbara, CA), and a Waters 410 differential
15refractometer (all Waters products from Waters Corp., Milford. MA).
recoveNext, @yl fowmticofitherdam pleswere dnjectedtinto the keltidntFlo (28! mwer gl
streng SHAMEINATMORIT njone At 820 MmO ANAIEI® SERAARS DARRS ation
MBS Moledilar size % the ‘size exclbision ¢ romatography columns. A
pH. clnsm@e:ezldlmdcﬂrgm then@tihuxmltbresreia“fnléaﬁolécmmﬁwagmeaﬁwmeiCldliy
oncentration profile m!:n?‘ﬁ t at ! ¢
vl e DO el e it e .1%
curdm@el 45 wasnggedito dgltaeﬁmm@ythegsam@c@mgenmanbﬁ lfarde WO
T alﬁoquoe?l t;gpgrél}")lr&lz QQ?/O% cot%l&g me lﬁﬂﬂ\aﬁw&}(ﬁgm&ﬁa »&ellan Gums

UﬂCtIOﬂ o n VO IS va ue was ¢ osen ased on values

reported in the literature (see Paoletti et al., Carbohydrate Polifaéngdmeter

1BA7/p99D) and what is typﬁmm@_m:s in doeldvipngdife/om’)
Kelco ssofifiorss IHE felative Weight-averagei("Mw") and number-averagé’2'Mn")

Kelcoguiidoulai 3Wekyhts Swere calculateduging a linear extrapolation of$idht

Kelcoge@ttering deteators #8-16. The weight:. average and number-aver&igé

GBROcgn®lecular weights of the three comimeteial Kelcogel(r) gellan gum351

GBOs&Gamiples were averaged to provide thesgontrol relative molecular vi€ight.

GBO0sashich was assigned a yvalue of 1.0. Thi provided noymalized valugsifor

GROsTMparing the experinfental batcheg gwth the commercial product.idhe

GBOosIelagve molecular weidht results arg gngn In Table §. The results 19show

GB043Rat; by this methodology, the commergially available Kelcogel(r) samples

have significantly Towér molécular weights than the samples of the high

ExXAMIErfogmance low acyl gellan gums of the present invention. The data

indicate that the average Mw of the erformance low acyl gellan gum
T i v R R
lovwnaeydgelfarsgumsanplesJdbiabiefoRelative MoteculaiidMeiphtse

t GPC/MALL at /L tN |V| Mn K I(r
cheniGATS S 0165 KeluBGbI0 P Se 0 A8 1 LIKAIRORAIH 1y SOHGBATC e

the poQ:Q9 M 93 BOEELHS dn 6742 00: 0130681 h-b1t3b Tiv8:10BES B tntniaddh broth was
recoveregl%o%l?)g) gg’égkr gccording to the procedure of Example |. The Texture Profile Analysis
("TPA™) was measured as described in Example 2. The fermentation batch number, deacylation
pH. and TPA harness (Ib.) are shown in Table 2, along with three commercially availabie low
acyl gellan gum batches (Kelcogel®) for comparison. The data show that the TPA hardness

values are significantly higher for the experimental batches.
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Relative Molecular Weight Measurements by Atomic Force Microscopy
WQRNENPY719 0.1% gellan gum solutions were prepared by hydt&iighena’¢s7111

of gellan in IOU nth of deionized water and heating to 50 C. These stock

solutions were diluted further with deionized 20water for AFM

measurements. Aliquots of the 0.1% gellan solutions were withdrawn
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EXA relative molecular weight averages and distributions. 10Two commercially
w—g%}g' ble Kelcogel0 samples (Lot Nos. 563908A and 5G3928A) and one
Hot Visasspiecoé:ther bighmp@éonmanas gl lka g ®@hihe reilsért loventon Gellan
(Batch No. GB05810-3) were analyzed for molecular weight by AFM. The
contour lengths of the two commercial Kelcogel(r) gellan gum samples
5 weneraveragethol proyidedhe contkol ietative chalectitar eight, vigahavas
. assigned a value of 1.0. This vided normalized values for co [ .
cheic A DEREHES D Som e e R P B afer
the potmgileauladweightdésidtsvare direm ibaTabtebai@olimmdmeddiarsesatien broth was
I‘BCUVCE‘r(]ingb Ir Ofor\n\/( L?qgl%slcgjgg (ljotg'lgn el%gu iellg %?%))ld{ﬂl}e?ﬁ](,glihﬂ&ehétlzmggawtadﬂ
serve as a second, independent molecular weight technique that supports
measuitheaGRCINALLS Besults; ofinndingthattthe nosteh highe pelformanzepbwand hol
gellan TiablbaicRelativeoMo@cidacMeighttAndlysisiof Gellah Gums ByaFmgum, 90 °C
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Table 3. Hot Viscosity Comparison of Kelcogel® and High Performance Gellan Gums
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Gums

Batch/Lot No, Deacylation pH Hot Viscosity (¢P)
Kelcogel® lot SG3901 A n.a. il.1
Kelcogel® lot 5G3908A n.a. 6.7
Kelcogel® lot 5SG3928A n.a. 19.2
GB06623-8 1142 178
GRB05664-1 11.27 836
GB06405-1 10.52 380
GB05663-8 11.63 45.6
GB05662-6 11.34 194
GB04555-11 11.74 25.5

L5
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1.17 191 503928A Keleogel(r) 0.80 0.83 916 0B05810-3 high
performance gellan gum 1.99 1.58 190 EXAMPLE 11 Clarity and Acyl
W@t High Performance Low Acyl Gellan Gums A numR¢GPaBO0/087111
liter fermentation batches of a P1B-deficient strain of S. elodea were
25clarified using the chemical/enzymatic treatment process of Example 1.
The fermentation broth was deacylated with potassium hydroxide and
then recovered to dry powder according to the procedure of Example I. To
EXAMMdadure clarity. 3 g of dry powder was reconstituted to a WO
e JOBBIOTATAARGTAISA00 UORTAA SapeRaaion of 1% n deionized water

according to the procedure in Example 3. The hot, reconstituted gel was
pouretbintel 4 Yibel wint the plefearriainitabe i meastred s s

chemic§9§§2§9rpﬂfetﬂgﬁ?ﬁ%n@ .?omy%he@ﬂtﬁﬁgﬁggﬁ%mﬂﬁ pRreentiraRsmitanse aried

Is shown in Table 8. To measure the acyl content, 1.5 g ofh(a)? powder was,

during {oriesed:for §1edesianmer 15 i Bovssisap Iy HUT 9B AsYe Ar ey e

deacyl NRIIEHIP G RE iARIE WasTeMAVAd: Ry, GeAliiuaing: 8 200QraRp fotde: according to
minutes and decanting. This was repeated five times with 60% IPAto . .

the profefeveldrbisiite brdarie AZC SEitascE ArsIRTANIY A BrEvba  BR to ¢ n

Examplaqilitaie drving of the-samplenAiteidhe tinah decaning | the sample wasiength
recovered from the centrifuge tube and dried overnight in a vacuum oven

are shogtsTrEe e o duna Brar p o ad ks rertietries Micusiblisgcved as
the dead OWAIRTAT BAGwd e sample was then hydrolyzed in 0.5 M trifluoroacetic
acid (-TEA") overnight at 100 C. The hydr(égzed sample was diluted to 25

nth andkérdel FrrotRation Betnesn I aibiiqp it kohdectinérenta

organic acids in the filifate ' were quantified using a Dionex GoIpeLAtidRiser
(SunyalenCA) HPLC systenreguipResl with an lonPac(rpiCErASoRcm’)
GBosdexCIusion column and a conductivity gigtector. The percent acyl cament is
shown in Table 8, 15Table 8. Clarityfgad ACyl Content of High 319
Performance Low AcylrGellan Gumg|Batch/Lot No. % Transmittance %
GROGEPIyTETate % Acetate Total% Acyr08p5g11-1'92:0 000 0.03 375
11.4 3i6
11.54 301
GB04555 11.35 340
11.74 186
GB06612 10.2 339
11.27 316
1.8 294
EXAMPLE 8

Effect of Deacylation pH on TPA Hardness and Hot Viscosity

A number of 4500 liter §. elodea fermentation batches were clarified using the
chemical/enzymatic treatment process of Example 1. except that the deacylation pH was varied
during the recovery of the batch by modifying the potassium hydroxide addition levels. After
deacylation. the treated, deacylated fermentation broth was recovered to dry powder according to
the procedure of Example 1. The TPA hardness and hot viscosity were measured as described in
Examples 2 and 3, tespectively. The fermentation batch number, deacylation pH. TPA hardness.
and hot viscosity arc shown in Table 5. The data show that typically higher TPA hardness values

and 1% gellan gum. 90 °C hot viscosities are achieved as the deacylation pH is lowered.
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n

15

0.03 01305810-1 91.6 0.03 0.04 0.07 0B05624-1 82.8 0.02 0.04 0.06
01306623-1 88.7 0.19 0.05 0.24 0B06622-1 87.5 0.07 0.01 0.08

W@2use1¢71966.4 0.30 0.07 0.37 01306610-1 88.4 0.32 0.03 OBEI/US2007/087111
0B06405-1 82.0 0.23 0.09 0.32

Table 5. Correlation Between Deacylation pH and TPA Hardness and Hot Viscosities

Batch/Lot No. Deacvlation pH TPA Hardness (ib.) Hot Viscosity {¢P)
GB06405 1014 20.3 97
11.05 17.5 34.7
11.28 14.2 42.5
(GB05443 11.13 25.7 320
11.33 234 162
11,48 21.7 93.1
11.60 19.8 76.8
GBO5664 11.27 36.1 836
11.37 28.5 460
11.57 25.6 188
11.62 24.5 140
GB04552 [1.2 19.7 i21
11.6 10.8 19.7
EXAMPLE 9

Relative Molecular Weight Measurements by Gel Permeation Chromatography/Multiple
Angle Laser Light Scattering (“GPC/MALLS")

Dilute agueous stock solutions of commercially available Kelcogel® and the high
performance gellan gums of the present invention were prepared by dissolving 0.20 gram of the
gellan sample in 200 mi of deionized water along with 0.01 gram of ethylenediaminetetra-acetic
acid ("EDTA™). The solutions were heated to 50 °C, cooled. and then diluted to the chosen
concentration (0.033 to 0.050% gellan) in 25 mM tetramethyl ammonium chloride. which was
previously filtered through a 0.2 micron filter.

The GPC/MALLS system consisted of a Waters 600 controller, a Waters 610 HPLC
pump, a Waters 717+ autosampler. a series of two GPC columns (a 30 cm Waters Ulirahydrogel
2000 column and a 30 em Waters Ultrahydrogel Linear column), a DAWN DSP laser
photometer (Wyatt Technology Corp.. Santa Barbara. CA). and a Waters 410 differential
refractometer (all Waters products from Waters Corp., Milford. MA). Next, .10 mL of the
samples were injected into the eluent flow (25 mM tetramethylammonium chloride at 0.50
ml/min} and were separated based on molecular size by the size exclusion chromatography
columns. As the sample cluted from the column. the relative molecular weight and conceatration
profiles were determined by the light scattering and refractive index detectors. An index of

refraction increment (dn/dc) of 0.145 was used to determine the sample concentration (and
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0806602-1 85.5 0,07 0.06 0.13 0805443-1 88.9 0.10 0.10 0.20 0805664-1
89.1 0.58 0.08 0.66 0805663-4 92.5 0.03 0,11 0.14 0805255-6 88.6 0.02
WQ@208071719B05341-74 93.0 0.51 0.20 0.71 EXAMPLE 12 CR&itytaaen7/087111

Acyl Content of High Performance Partially Deacylated Gellan Gums

Two 4500 liter fermentation batches of S. elodea (using a low

P1-LB-producing mutant) were clarified using the chemical/enzymatic
relativdreaioent progess of Bxamplest. cThefermentatith: 20biathvwag: mildlyased on

deacylated with potassium hydroxide and then
vaiues 1'@;3011%(! in the lilCIF‘)iilUl'C (see aglettl et al.. m%o%ycﬁgﬁg (ﬁ?,ﬂ]&?sd%ﬁ"?w%b 1}y and
whal is Lypical for polysuccharides in aqueous salt solutions.

The relative weight-average (*Mw") and number-average ("Mn™) molecular weights
were calculated using o linear extrapolation of light scattering detectors #8-16. The weight-
average and number-average molecular weights of the three commercial Kelcogel® gellan gum
samples were averaged Lo provide the contro} relative molecuiar weight. which was assigned a
value of 1.0. This provided normalized values for comparing the experimental batches with the
commercial product. The relative molecular weight results are given in Table 6. The results
show that, by this methodology, the commercially available Kelcogel® samples have
significantly lower molecular weights than the samples of the high performance fow acyl gellan
gums of the present invention. The data indicate that the average Mw of the high performance
low acyl gellan gum samples was 1.83 times the average of the control. commercially available

low acyl gellan gum samples.

Table 6. Relative Molecular Weights Measurements by GPC/MALLS

Batch/Lot No. Mw Mn
Kelcogel® 141 5G3901 A 0.93 0.96
Kelcogel® (o1 5G3908A 1.08 L
Kelcogel® |o: 5(:3928A 0.99 0.93
GB05810-3 1.67 2.00
GBO5811-] 1.35 .48
GBO05341-6 2.42 3.04
GB05341-10 1.96 2.43
GD05619-1 1.75 2.05
GD05620-1 1.82 2.29

EXAMPLE 10
Relative Molecular Weight Measurements by Atomic Force Microscopy (“AJM”)

0.1% gellan gum solutions were prepared by hydrating 0.1 g of geflan in 100 mL of
deionized water and heating to 50 °C. These stock solutions were diluted further with deionized
water for AFM mcasurements. Aliquots of the 0.1% gellan solutions were withdrawn using a

10 uL pipette and diluted with either 10 mL or 20 mL of deionized water. 25 L of these dilute
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WO 20081076719PCT/US2007/087111 according to the procedure of
Example 1 (Batch No. GB05341 was deacyPated at two different pH
WQaMBorYY. The dry powder was reconstituted to a concentrakiol B$2096/{1§7111
deionized water according to the procedure in Example 3. The hot
reconstituted gellan gum solution was poured into a tube, and the percent
transmittance was measured on a spectrophotometer at a wavelength 5of
l1an 490trums @.Samiplendf diyppowder wasialsboeodnslituted incdionzed fiate rind
.hydrolyzed in 0.5 M TFA at au IQQ%’? e(-?]of 1OI({):HC for 18 hours. and the
dried iR MACARING h¥tRPE RISt lients of the hydrolyZed gum were measured
bynk Bl sThﬁaQeaﬁylaﬂ@ﬁg@dﬂuspegczemﬁmnsm@amme(\amap{emammfanyum
content are shown in Table 9. _ Table 9. Clarity and Acy Ie)
Woodlpentints of At PerfortiBhee 1 s d ity B‘@é’d&}ia%ﬂ‘léé(f‘é‘d‘t‘éﬂ% contact moee
with a @E%WHP\BMOLRQ ¢ dith ch\“é_' Yo dransmitiange. % Glycetaie Y AcstataT el were
0B05662-1 10.91 68.6 1.07 1.602.67 0B05341-1 10.55 84.9 5.32
cotlect@d?ttotaa@@ @Bmﬁemvsrmlwgglgnz glvouglmtshfsﬂp_:mwfm% g8l contour
h Perform nce Lo np Gum t H y :
le”gth es%e‘rI {&efs L?rilr?écl‘\évé‘sutle fizal tl%ril Elg] ree ative effﬁegfﬁg%%i@s%f%rﬁéew e

imagehighpestammancg lowlaoykysliadigunicsaimpies Batch 8 Nus::0BO86 L 2-8)
GB06405-5, and 08066 2 6 agd on otrrr]] er(‘)cl{sal Keleogel(r) sample (Lot
generafGyehyIe BRGNP GaN: erﬁfe?é'ﬁ 3 de%%ert gel system (see
farnmutationdn TapIﬁl@&b&tﬂﬂeﬂ@@gp@@dmﬁiﬂg(h@GﬂhaSGWDJ@h@mﬁrt@éB? 8A) and
Malvern Instrume ts Ltd., W rceosters |re Unlte K|n a 10-3
one "“Pﬁ%%Lﬂ[@f"B-%b‘f%[ Bqlﬂ'é(sese?ﬁ a'ékggflﬁlon gjsSquelalns\’ﬁre n@)ﬂ“‘ahﬁ!’ Whoss10-)

were difiggeeter wishaudncwe#heoyesding. pTaxtECgemmeMy@hOOﬁhstmmc@ndﬂcm)@l
as jt was being 20cqoled from 80 C.to 20 "C at 5C/min Thl y of the gel weight.
Keleoggh® il AUALGHBR TG T WSE BENG PERULS O 0 € 18 e o

which¥ad 4RiBnA Mininwet CHofTsiParduvideg rihﬁrrﬁh&dtmguphasecwasarmﬂ the
rewousla% determined to be necess essert eI s stem

exper L RS N SR B ARTCh ) BASIETIAoN Bhasbus b el e

given 0. Each . gelan gl'é'fﬁlS@@lﬁEﬂWﬂdeﬁﬁf&ﬁO@éddﬂ[ﬁe d!ﬂedseﬂtaauxe conmm fength.
concentrations between 0.0125% and 0.025%. andnﬁf an imu i supports the
The A§iYifG 5T SHEEANG ST9RCh BEFRBIETIAE BIBTHEY 38 B HLITIGHIE Juihsirp

GPC/IeoNCESratian. JheiplahwasthRMmovel high performance low acyl gcihm gum of the
present invention has a significantly higher molecular weight than commercially available low
acyl gellan gum,

Table 7. Relative Molecular Weight Analysis of Gellan Gums by AFM

Batch/Lot No. Type Mw Mn n

SG3908A Kelcogel® 1.20 1.17 191

5G3928A Kelcogel® 0.80 (.83 216

GB05810-3 high performance gellan gum 1.99 1.58 190
EXAMPLE [1

Clarity and Acyl Content of High Performance Low Acyl Gellan Gums

A number of 4500 liter fermentation batches of a PHB-deficient strain of S, elodea were
clarified using the chemical/enzymatic treatment process of Example 1. The fermentation broth
was deacylated with potassium hydroxide and then recovered (o dry powder according to the

procedure of Example 1. To measure clarity. 3 g of dry powder was reconstituted to a
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used to determine the gellan concentration required to achieve a 0 of 5 Pa
using interpolation. The relative effectiveness in providing heat stability, as
Wee8EEd%s the concentration required to achieve a G of 5 PETfBPWHEHS 7111
sample tested is shown in Table 11. The results indicated that WO
2008/076719PCT/US2007/087111 the three high performance gellan
gums. on average, required about 24% less than the amount of
concentégleaael (o provice simitar heat stapitithtopthe:dessertgetgystenihe hot.

Table 10. Dessert Gel For ulatl n.for Heat Stability Evalu
P | 4
econs S DA U VAbL B 6 BLIE D D &?C&ﬁ%ﬁ%&éﬁ*gﬁ 0,24

spectropBEWstdean gunw@l&)&;mqrfja@mmwdéh@mﬁc%gam?@lmmm s 6h3 w1 @akaize 8.

il%&tél%’%}\jrgliﬁﬁycﬁﬁgn%&t r 1 DI aters-l;%x% Q(%d for 15 secofﬁ%ﬁlﬁ[h 15

Ivéness oféél amples in 5Prowd|ng Heat '
of 60%StapitityiaiaddelsserrGel sﬁstennfﬁatdym)t Nq)uﬁ(mtsenmat-lgfh mq@;ilﬁéélugjng al

5000 1'1;%%% gugb?%slsgp dt cc?nﬂﬁ!)cogﬁlggaégﬁe%gg ql(\)ffl.' %%19\,3)919? &8"/? BR1Gfemove
unbound organic acid salts and finally. with 15 g of 99% IPA to [acilitate drying of the sample.
After the final decanting. the sample was recovered from the centrifuge tube and dried overnight
in a vacuum oven at 50 °C. Next. 25 mg of dry powder wus reconstituted in 5 mL deionizer
water at 80 °C. The sample was then hydrolyzed in 0.5 M trifluoroacetic acid ("TFA™) overnight
at 100 °C. The hydrolyzed sample was diluted to 25 mL and fillered through a 0.45 1L nylon
disk -type syringe filter. The organic acids in the filtrate were quantified using a Dionex
Corporation’s (Sunnyvale, CA) HPLC system equipped with an fonPac® ICE-AST ion-
exclusion column and a conductivity detector. The percent acyl content is shown in Table 8.

Table 8. Clarity and Acyl Content of High Performance Low Acyl Gellan Gums

Batch/Lot No. % Transmiiiance % Glycerate % Acctate Total% Acyl
GBOS811-1 92.0 0.00 0.03 0.03
GBO05810-1 91.6 0.03 0.04 0.07
GB05624-1 82.8 0.02 0.04 0.06
GB06623-1 88.7 0.19 0.05 0.24
GBO6622-1 87.5 0.07 0.01 0.08
GBO06611-1 66.4 0.30 0.07 0.37
GB06610-1 88.4 0.32 0.03 0.35
GB06405-1 82.0 0.23 0.09 0.32
GBO6602-1 85.5 0.07 0.06 0.13
GB05443-1 88.9 0.10 0.10 0.20
GB05664-1 89.1 0.58 0.08 0.66
GBO05663-4 92.5 0.03 0,11 0.14
GB05255-6 88.6 0.02 0.10 0.12
(GB05341-74 93.0 0.51 0.20 0.71
EXAMPLE 12

Clarity and Acyl Content of High Performance Partially Deacylated Gellan Gums
Two 4500 liter fermentation batches of §. elodea (using a low PHB-producing mutant)
were clarified using the chemical/enzymatic treatment process of Example 1. The fermentation

broth was mildly deacylated with potassium hydroxide and then recovered to dry powder
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0B06622-6 0,0 [ 43 EXAMPLE 14 Use of High Performance Low Acyl
Gellan Gum in Drinking Jellies A high performance gellan gum sample
WQOBSBR Y. 20B06623-7) was used at concentrations between BXIBUS24AH087111

0.1% in a drinking jelly and compared to a control made with 100.1% of a

commercial Kelcogel(r) sample (Lot No. 5G3928A). The formulation

shown in Table 12 was prepared by combining the gellan gum and sodium
accordigitraienanebaetdingthexeerphined mixtiike @305 Waterwdderydgitationy T Higrrent

the mixture was heated to 90 C. Next, dtherremainin.%.in redignis were . aer
PH congiiifag and MiKe BRI Miidfs A 9O ARSWAG HHE Wixturé was Adjusted
accordifQf Watenless e toravapaatiomiwiti hot Gk watet. glumigumslineshplastipoured
. drinking 15jelly bags were filled with hot solution anql_he?ttﬁdg_ g\zl,elg;1 wavelenoth
o 4 ¥R 1R eI B IBHY Bt DSET A A Ba TP Ao Bt Tor 30" " elene
of 490 Minutes aNkthen cpoled:torpomdampesaturelwitbedoldednming. taphwiterd in

WO 2008/076719PCT/US2007/087111 Tahle 12, Drinking Jelly. o Cop
0.5 M B O AT L VRS SO Caee (b g Bt constuents of
the hydesigiengitiate Q. 3:&ittie aoid 10F25 Caloiunulk patate DD Geltan gumittance, and
___Varies from 0.06-0.1 DI vga%\%r%o 100 The drinking jelly was
percent il SRR TP SyHarbail (hA%Water separated from gel) and gel texture (by a
three-menihgnéastepamel hattex dyweek ohstofade: athodm temperature.
Based on the syneresisiaiad sénsopyevdidation Gasuks shown in Table 13.

I I aorformanco-callan AaLmm-eaoneen rati In
TR A AR S NS B S T e
GBOS{\QI?*?J 0.1% Ke'&gﬁéla 'Fh\;;eff;reu J ué: ';ss 3: I? glmj: pl‘le“.:fb:‘:“:i .’L‘G'QI"I geltan 207
GBOS 34k wauld. bﬂl.ﬁ.;%édﬂd cG mnarf;u {d’the curfently-available gellﬁ'rlzozum 802
GBOS3fdble 18, Synt?dds and SensoryEvaluation of Watbr Drinking-Jally 313

. _ "
EXAN&’%’ER? Syneresis (%) Sensory evaluation of gel texture 0.1% Kelcoael(r)

Use of High Performance Low Acyl Gellan Gum to Improve Heat Stability of Dessert Gels
During Pasteurization

The relative effectiveness of three high performance low acyl gellan gum samples (Baich
Nos. GB06612-8. GB06405-5, and GB06622-6) and one commercial Kelcogel® sample (Lot
No. 5G3928A) in providing heat stability to a dessert gel system (see formulation in Table 10)
was compared using a Bohlin CVO Rheometer (Malvern Instruments Lid.. Worcestershire.
United Kingdom). The elastic modulus (*G ™) of a hot dessert gel solution was measured using
the rheometer with a 4-cm 4° cone and plate geometry at 0.15 strain and | Hz as it was being
cooled from 80 °C to 20 °C at 5°C/min. The G’ of the gel was then measured while it was being
reheated from 20 °C to 90 °C at 5°C/min. A minimum G’ of 5 Pa during the reheating phase was
previously determined to be necessary for the dessert gel system to maintain its integrity during a
commercial pasteurization process (85 °C for 30 min). Each gellan gum sample was tested at
three different concentrations between 0.0125% and 0.025%, and the minimum G’ during
reheating of each sample was plotted as a function of gellan concentration. The plot was then
used to determine the gellan concentration required to achieve a G* of 5 Pa using interpolation.
The relative effectiveness in providing heat stability. as expressed as the concentration required

to achieve a G' of 5 Pa, for each sample tested is shown in Table 11. The results indicated that

[
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Control jelly Stronger gel than 0.1% KelcogelO Stronger gel

than 0.1% Kelcogel0 0.1% GB06623-7 2.31 0.09% 0B06623-7 3.91
WQ88HTBB6623-7 3.72 Stronger gel than 0.1% KelcogeK) Sk§AYS2007/087111

stronger gel than 0.1% Keleogel(r) 0.07% 0B06623-7 3.28 0.06%

0B06623-7 8.64 Weaker gel than 0.1% KelcogelC) EXAMPLE 15 10

Use of High Performance Low Acyl G

ellan Gum in a Confectionery Jelly

the thrd GRIRMETGIAI avallable-KelcegealO-sample, (LetiNeo 5 G3F0IA) and aic amount of

sample of the high performance low ac

he high ICH | aellan
KelcogpferioroBateng @%b@&b%ﬁg)tw%xéa?ﬁw

um of the present

dii d'ypical

confectignry deliy daumutatian mhieh isnshewrin Jablei b Theuation

formulation was.prepared. by boiling-¢
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Carraggeagtbrought to a boil while mixing an

orp-syrup—high-fruetege-corn-syrup;

e -'l_._‘. ( o) ,

| then boiled for 2 to B hinutes to

Locusidrgsnrgigum hydration. Sugar (C) wa

added.gradually to Qv%d codling-the

J
e.mixture was thend& iIced-t0 799% e

Konjabppeetieind was dissolved by boiling. Tl
Sugar refractometer soluble solids while mi

ing. Next, acid and citfate solutions

KCl (D) were combined (flavor and color d

ould have 20alsa beéh!added. if

0.3 M de€ired)wibile mixing. Finally, the mix

1.2 M WHOB20081@ 16 k9PCT/US2007/0871

ture was immediately depasited into
11 prepared starch mdlds and held

DIiwaat30C-35C (86 F-95F) for2to3

Hays until 82% - 83%k rfactometer

soluble solids was reached. Table 14,

Confectionery Jelly Formulation

Order of Ifgtadibhtdudiy cFfeetixaertonl WalgatGum Samples in

Providing Heat Stability

to a Dessert Gel System

Batch/Lot No, Concentration required 1o achieve a G of 5 Pa (%)
Kelcogel® 5G3928A 0.0198
GB06612-8 0.0152
GB06405-5 0.0159
GB06622-6 .0143

EXAMPLE 14

Use of High Performance Low Acy! Gellan Gum in Drinking Jellies

A high performance gellan gum sample {

Batch No. GB06623-7) was used al

concentrations between 0.06% and 0.1% in a drinking jelly and compared to a control made with

0.1% of a commercial Kelcoget® sample (Lot No. 5G3928A). The formujation shown in Table

12 was prepared by combining the gellan gum and sodium citrate and adding the combined

mixture 1o DI water under agitation. Then. the mixture was heated to 90 °C. Next, the

remaining ingredients were added and mixed for 1 minute at 90 °C. Afterward. the mixture was

adjusted for water loss due 1o evaporation with hot Di water. Aluminum-lined plastic drinking

jelly bags were filled with hot solution and heated sealed. Finally. the jelly bags were

pasteurized in an 85 °C water bath for 30 minutes and then cooled to room temperature with cold

running tap water,
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A Corn syrup, 43DE. 81% solids 33.00 165.00 High fructose corn syrup,

42% fructose. 71% solids 10.00 50.00 Water 30.00 150.00 B Sugar. fine
WQRAMIEF B0 40.00 Gellan Gum 0.80 4,00 Dicalcium phosphaiélS2007/087111

anhydrous 0.10 0.50 Sodium hexametaphosphate 0,03 0.15 C Sugar,

fine granular 35.00 175.00 ID Citric acid. monohydrate: 50% solin w/w

1.00

Table 12. Drinking Jelly Formulation

Ingredients %
White Grape Juice Conc. (56° Brix) 253
Sodium citrate 0.3
Citric acid (.25
Calcium Lactate 0.05
Gellan gum Varies from 0.06-0.1
DI water To 100

The drinking jelty was evaluated for syneresis (% water separaled from gel) and gel
texture (by a three-member taste panel) after 1 week of storage al room temperature. Based on
the syneresis and sensory evaluation results shown in Table 13. a sample having a high
performance gellan gum concentration between 0.06% and 0.07% would give a similar drinking
jelly to the control made with 0.1% Kelcogel®. Therefore, much less of the high performance
gellan gum would be needed compared to the currently available gellan gum,

Table 13. Syneresis and Sensory Evaluation of Water Drinking Jelly

Sample Svyneresis (%) Sensory evaluation of gel texture
0.1% Kelcogel® 4.36 Control jelly
0.1% GB06623-7 2.31 Stronger gel than 0.1% Kelcogel®
0.09% GB06623-7 3.91 Stronger gel than 0.1% Kelcogel®
0.08% GB06623-7 3.72 Stronger gel than 0.1% Kelcogel®
0.07% GB06623-7 3.28 Slightly stronger gel than 0.1% Kelcogel®
0.06% GB06623-7 8.64 Weaker gel than 0.1% Kelcogel®

EXAMPLE 15

Use of High Performance Low Acyl Gellan Gum in a Confectionery Jelly

A commercially available Kelcogel® sample (Lot No. 5G3901A) and a sample of the
high performance low acyl gellan gum of the present invention (Baich No. GB06405-5) were
compared in a typical confectionery jelly formulation, which is shown in Table 14. The
formulation was prepared by boiling corn syrup, high fructose corn syrup. and water (Ayina
kettle. Sugar, gellan gum, and phosphates (B) were dry blended and then dispersed into the
kettle while mixing. The mixture was brought to a boil while mixing and then boiled for 2 to 3
minutes to ensure gum hydration. Sugar (C) was added gradually to avoid cooling the batch and
was dissolved by boiling. The mixture was then reduced to 79% refractometer soluble solids
while mixing. Next, acid and citrate solutions (D) were combined (flavor and color could have

also been added if desired) while mixing. Finally. the mixture was immediately deposited into
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5.00 Sodium citrate, dihydrate: 33% sol'n w/w 0.75 3.75 Total: 118.68
593.40 Evaporation: -18.68 -93.40 Yield: 100.00 500.00 Four trials were
WQRHBILEDA? one control at 0.8% Kelcogel(r) and three with highcT/US2007/087111

performance gellan gums at concentration levels at 0.8%. 0.6%, and

0.4%). Samples were starch-molded in the shape of discs with a 25 nun

diameter and a 10 mm height. Finished samples were tested for TPA
preparRBddnessaldé0%i comprassion, Refiorted Valugsarbothetavetage TR 2% - 83%
. hardness of 5 samples per trial, plus or minus one standard deviation, and
‘C{[dd%{?@é%@i’\%ﬁﬁ ' gg%e“ﬁ.%ﬁé@le 15. TPA Evaluation of Confectionery Jelly

Trial Gentili Gum'ilyh2 Concenifatiam My TEW Hardndss§ @W | Kelcogel(r)

EN20N1 A N.2 A0 A - 2.4 2 ORNGAOER -HA-R-OA DACAAE E-O2
IXTI7O0™ = UTO

dlx_a-é}né?- 2-0B064055-6:8-94-5—17-3 0BO64 -;%LBV
Addition Ingredients Weight | Grams
A Corn syrup, 43DE. 81% solids 33.00 | 165.00
High fructose corn syrup, 42% fructose. 71% solids 10.00 50.00
Waler 30.00 150.00
B Sugar. fine granular g.00 40.00
Gellan Gum 0.80 4.00
Dicalcium phosphate. anhydrous 0.10 0.50
Sodium hexametaphosphate 0.03 0.15
C Sugar, {ine granular 35.00 | 175.00
D Citric acid, monohydrate: 50% sol'n w/w 1.00 5.00
Sodium citrate, dihydrate: 33% sol'n w/w 0.75 3.75
Total: 118.68 | 593.40
Evaporation; -18.68 | -93.40
Yield: 100.00 | 500.00

Four trials were conducted: one control at 0.8% Kelcogel® and three with high
5  performance gellan gums at concentration levels at 0.8%. 0.6%. and 0.4%). Samples were
starch-molded in the shape of discs with a 25 mm diameter and a 10 mm height. Finished
samples were tested for TPA hardness at 70% compression. Reported values are the average

TPA hardness of 5 samples per trial. plus or minus one standard deviation, and are shown in

Table 13.
10 Table 15. TPA Evaluation of Confectionery Jelly
Trial Gellan Gum 1D Concentration (%) | TPA Hardness (1b.)
1 Kelcogel® 5G3901A 0.8 406 £ 2.4
2 GB06405-5 0.8 945+ 1.7
3 GBO64035-5 0.6 726+ 1.8
4 GB06405-5 04 414+ 1.5

At the control concentration (0.8%). high performance gellan gum produced an average
TPA hardness value 233% higher than that of Kelcogel® gellan gum. Furthermore. high
performance gellan gum at a concentration of 0.4% achieves a TPA hardness equivalent to that

15 of the contiol concentration (0.8%) of Kelcogel® getlan gum. This indicates that Kelcogel®
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72.6 1.8 40B06405-50.4 41.4 1.5 Atthe control concentration (0,8%).
high performance gellan gum produced an average TPA hardness value
WQ2EBAigher than that of Keleogel(r) gellan gum. Furthermor&CHigl§2007/087111
performance gellan gum at a concentration of 0.4q0 achieves a TPA
hardness equivalent to that 150f the control concentration (0,8%) of
KelcogelO gellan gum. This indicates that Kelcogel(r) WO
sellan 2088LQ767 LQRECH UHRAGF1087 A 1dsgellan gum patvbe replacsdvgtin in
~ about 50% less of the high performance gellan gum in confectionery
confeGRMEEY BXAMPLE 16 Use of High Performance Low Acyl Gellan Gum
to Provide Heat Stability in a Gummy 5Confection A commercially
EXAMVaikbde Kcicortek) sample (Lot No. 6A5307A) and a sample of the high
. rfqrmance gellan gum,of resent invepli tch N 622 .
Use ”&g@]ca?ﬁ Oé[feiﬁ“lﬁea{%ﬂnﬁ\rﬁf} t:k%n 3'(1:t|c')lrl1re]31r3t/(}fgrlr(r?\l;}I{zgﬁgl:lL ‘gh%%gqﬁl&?gblzgl@mw
Confeltedformulation was prepared by first making a gelatin presolution of

Yﬁ%&%ﬂ? gelaun ﬁ?ﬁ\;@d&@%qg@?@i@glﬁt\% golutign &k 6 LOAAD EXRE 3 the

ours fo disgolve. Meanw ile, corn syrup. water. and sodium citrate )
high solutiom(B)zetere dooiled inakettie | Trehos(GacAntgeiRF G Iy iieemparcd in

oo dry blended and dispersed int kettle. while-mixing,, The MU Wasd by first
4 Dunwé&aﬂ?{:@ a boil iv(\)/ rﬁ@%iﬁ‘n%%ﬁﬂ%oﬁegc% gy t&; gﬁrﬁiﬁéﬁteg tcl) elnsuref)gel?lm Y

makirgyadpatiom Nextsugar (B) wasgeadualAddaé dhes Avdiinedbing e bakeh *C
(140 *’i‘f}‘i‘o‘?‘§s-9f‘ﬁ%‘fi[9¥c%i4§&%5 he iR was thenJedieed 1o 83 m88Hue solution

refractometer 15soluble solids while mixing. Afterward, the gelatin .
(B) wprebolision (Aras Ridedusid miked ety THEN MAE deicbiendrstamiigpersed into

the kEELARIRY (R deskrelas BddRd Wbl ring: THi IR WRSERRND 1o 3

Yo refractometer soluble solids. Finally, the mixture wasE%eposi,ted )
minulig ezl imad plepiredNesrch roldy ad eerat paddeddn @ qitrepling the

patch 88 @]iﬁ%&%é&’\%%%}ﬁ%‘éf‘“h%l?{ﬂm%%%%@fr@ﬁt%ﬁi&ﬁ gpluble selidsenasiometer
reached. 20 WO 200%1076719PCT/USZOO7/OS7_111 Table 16. Gummy
solubonfisstichidey Fonaul o OIdch o aIeHY Y BYAS s ddiditien mixed well
T&]C:1w{1%'9€§t(1 ﬁiW@‘ﬁrf'ang and color (as desired) was added while mixing. The mixture was
about 77% refractometer soluble solids. Finally. the mixture was deposited immediately into
prepared starch molds and held at 25 °C - 30 °C (77 °F - 86 °F) for 2 to 3 days until 81% - 82%

refractometer soluble solids was reached.



45.00 Gelatin. 250 bloom type A 6.00 30.00 B Corn syrup, 63DE, 82%
solids 40.50 202.50 Water 33.00 165.00 C Sugar. fine granular 2.00
WQ 0080 @eéltan Gum 0.24 1.20 Sodium hexametaphosphate 0P8I /M IH(3/087111
Sugar. fine granular 35.00 175.00 E Citric acid. monohydrate: 50% sol'n
w/w 1.25 6.25 Calcium chloride. anhydrous: 5% sari w/w 1.00

Table 16. Gummy Confectionery ormulation

Order of o by
Addition [ngredients Weight Grams
A Waler 9.00 45.00
Gielatin, 250 bloom type A 6.00 30.00
B Corn syrup, 63DE. 82% solids 40.50 202.50
Water 33.00 165.00
C Sugar. {ine granular 2.00 10.00
Gellan Gum 0.24 1.20
Sodium hexametaphosphate 0.03 0.15
D Sugar. fine granular 35.00 175.00
E Citric acid, monohydrate: 50% sol'n w/w E.25 6.25
Calcium chloride. anhydrous: 3% sol n w/w 1.00 5.00
Total: 128.02 640.10
Evaporation: -28.02 -140.10
Yield: 100.00 500.00

Five trials were conducted: one with no gellan gum (the “gelatin control”™), two with
Kelcogel® (0.24% and 0.12%), and two with high performance gelian gum (0.12% and 0.06%).
Samples were starch-molded in the shape of dises with a 25 mm diameter and a 10 mm height.

5 Individual finished samples were packaged in vapor impermeabie oriented polypropylene heat-
sealed bags and tested for heal stability in a laboratory oven at 45 °C. As the samples deformed
and melted at this elevated temperature, their diameter increased. After 8 hours, the average
diameters of the samples were measured. and the increase in the average diameters of the

samples calculated. The measurements are shown in Table 17.

10 Table 17. Heat Stability Evaluation of Gummy Confections
Starting Finat Average
Average Average Diameter
Trial 1D Diameter (mm) | Diameter (mm) | Increase (%)

1 | Gelatin control (0% gelian gum) 25 38 52

2 1 w/0.24% Kelcogel® 6AS5307A 25 27.5 i0

3 | w/0.12% Keicogel® 6A5307A 25 31.5 26

4 | wl0.12% GB06622-8 25 25.5 2

5 1 w/0.06% GB0O6622-8 25 21.5 10

Compared with the gelatin control. gellan gum of either type and at any concentration
evaluated reduced the amount of average diameter increase significantly: however. an average

diameter increase of 10% was judged through observation to be the maximum allowable ievel to



5.00 Total: 128.02 640.10 Evaporation: -78.02 -140.10 Yield: 100.00
500.00 Five trials were conducted: one with no gellan gum (the
WOgeMtii@antrol"), two with KelcogelO (0.24% and 0.12%), and®6¥Fdmat7/087111
high performance gcllan gum (0.12% and 0.06%). Samples were
starch-molded in the shape of discs with a 25 mm diameter and a 10 mm
height. 5Individual finished samples were packaged in vapor impermeable
considOrigpteghpelyprepyiene heatasealecdbags anddgsied fopheatistabilityléniate heal
... laboratory oven at 45 C. As the sa{nﬁﬁc; dgiwed‘ and'_meeltgg at turH% b
stability| G fatal YERRHET LTS BhaiF Gidihaler inCreased. IRHSH B RSTIS R
compatligmeters eithe-sampleswvers imeasucescandibe increade(nvthelavubragen
.. diameters of the samples Vcalcql%gﬁd.,l‘é[&e meqa.ur_emen@, q{,e}%re%\/vag in
stabiliegispsyre, ROIFABRY ¢ HE RIS BV ARIAEEA ST By Contections
concernR@olPaRiarting Aveeage drinah AverageoAverage Diameter Diameter
(mm,) Diameter (mm) Increase (%) n Gelatin control (0% gellan gum 25

EXAMPLE 17

(o

Use of High Performance Low Acyl Gellan Gum as a Texture Modifier in Water Dessert
Gels
Two dessert gels are made: Gel A comprises Kelcogel® and Gel B comprises high
10 performance low acyl gellan gum. both further comprise xanthan gum and locust bean gum. The
dessert gel formulations are provided in Table 18, Although Gel A has a greater amount of
getlan gum than Gel B, both Gel A and Gel B have very similar gel textures and eating qualities.
Thus, it takes less of the high performance low acyl gellan gum to provide the same effect as the

Kelcogel® gellan gum.

15 Table 18. Comparison of Water Dessert Gels Containing Kelcogel®
or High Performance Low Acyl Gellan Gum
GelA Gel B
Ingredients (% Concentration) (% Concentration)

Kelcogel® 0.1 -
High performance gellan gum - 0.065
Xanthan gum 0.07 0.07
Locust bean gum 0.07 0.07
Sucrose 18 18
Orange Juice 10 10
Sodium citrate dihydrate 0.15 0.15
Citric acid (anhydrous) 0.25 0.25
Water 71.36 71.395

20

While the present invention is described above with respect to what is currently

considered to be its preferred embodiments. it is to be understood that the invention is not limited

to that described above. To the contrary. the invention is intended to cover various modifications

and equivalent arrangements included within the spirit and scope of the appended claims,
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3852 w/ 0.74% K leo el(r) 6A5307A 95 27.5 10 iriw/0.12% Kelco_el(r)
6A5307A w/ 0.12% 0B06622-8 15 31.526 2575.57 w/ 0.06%
01306622-8 25 27.5 10 Compared with the gelatin control, gellan
gum of either type and at any concentration evaluated reduced the
amount of average diameter increase significantly: however, an average
diameter increase of 10% was judged through observation to be the
maximum allowable level to WO 20081076719PCT/US2007/087111
consider the sample acceptably heat stable. A 0.24% Kelcogel0 sample
acljpieft adequate heat stability (i.e., an average diameter increase of
<10%). High performance gellan gum, by comparison, achieved adequate
heat stability at a concentration of only 0.06%. By this heat stability

megsure AKelseask Roendi Friacrawdty NighAedarmans s SSHRNEESteps

at a concentration about 75% lower in gummy confections. EXAMPLE 17
Use of Hiﬁh Performance Low Acyl Gellan Gum as a Texture Modifier in

Water Degsgib@aig Bunidgoseshas!sptemmis 1678l snadAiseh;
Kelcogel(r) and Gel B comprises hngh 10performance low acyl gellan gum.

bofh furthEPEBHRSHS ISATRMNYIRA BFRITIRL& Bremigake reiE @lSsert gel

formulatigiie @segprovided in Table 18. Although Gel A has a greater
amount of gellan gum than Gel B, both Gel A and Gel B have very similar
gePtexturggW&a@QQn@%ﬁglfﬁfég,q TRiTRe AL REl ¥ iReAHGgHSTIC agent;
performaneg) low acyl gellan gum to provide the same effect as the
Kelcogel0 gélﬁl)?%m. 15Téble 18. Comparison of Water Dessert Gels

Cdftai huyf ol ean IR AP ARymeRipic Rt wherein

Inaredientse precipitated gellan gum has a 0.2% gellan gum curdmeter gel

strength of at least about 300 g/cm?2.

2. The process of claim 1, wherein the precipitated gellan gum has
a 0.1% gellan gum curdmeter gel strength of at least about 117

g/cm?

3. The process of claim 1, wherein the precipitated gellan gum has a
0.1% gellan gum curdmeter gel strength from about 117 g/cm? to
about 400 g/cm>.

4. The process of any of the previous claims, wherein the S.

elodea is a PHB-deficient strain.

5. The process of any of claims 1 to 4, wherein the clarification
step comprises the steps of:
a. heating to a temperature range from about 30 T to about
70C:
b. treating with one or more antioxidants in combination with

one or more chelating agents and a lysozyme enzyme;
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Gel A (% Concentration) Gel B (‘30 Concentration) KelcogelC.0 0.1 -
High performance gellan gum, 0.065 Xanthan gum 0.07 0.07 Locust bean
gum 0.07 0.07 Sucrose 18 18 Orange Juice 10 10 0.15 0.25 Sodium
citrate ditiydrate 0.15 0_25 Citric acid (anhydrous) Water 71.36 71.395
While the present invention is described above with respect to what is
currently considered to be its preferred embodiments. it is to be
understood that the invention is not limited to that described above. To the
contrary. the invention is intended to cover various modifications and

equivalerg arrangggipTyswitslsHebyiHyretBa bt Rd Scgpe of the

appendecé claims.

6.

10.

treating with a protease enzyme.

The process of claim 5 wherein the antioxidant is sodium sulfite.

The process of claim 5 or 6, wherein the chelating agent is
selected from the group consisting of disodium ethylenediamine
tetraacetate, dipotassium ethylenediamine tetraacetate,
tetrasodium ethylenediamine tetraacetatate, tetrapotassium
ethylenediamine tetraacetate, citric acid, trisodium citrate,
tripotassium citrate, sodium hexametaphosphate, potassium
hexametaphosphate, sodium polyphosphate, potassium
polyphosphate, sodium pyrophosphate, potassium pyrophosphate,
monosodium phosphate, monopotassium phosphate, disodium
phosphate, dipotassium phosphate, trisodium phosphate,
tripotassium phosphate, sodium bicarbonate, sodium carbonate,
potassium carbonate, potassium bicarbonate, a cationic ion
exchange resin, ethylenediamine dihydrochloride, ethylenediamine
diacetate, ethylenediamine lithium salt, and ethylenediamine
dihydroiodide.

The process of any of claims 5 to 7, wherein the chelating agent is
disodium ethylenediamine tetraacetate.

The process of any of claims 5 to 7 wherein the chelating agent is

citric acid.
The process of claim 5, wherein the surfactant is selected from the

group consisting of sodium dodecyl sulfate,

polyoxyethylenesorbitan monooleate, lecithin, monoglycerides,

30



10

15

20

25

Claims 1.A process for preparing a low acyl gellan gum comprising the
steps of: 5a.fermenting Sphingomonas elodea in a fermentation broth; b.
clarifying the fermentation broth by a chemical/enzymatic process; c.
deacylating the clarified fermentation broth with a caustic agent; and
10d.precipitating the gellan gum from the fermentation broth, wherein the
precipitated gellan gum has a 0.2% gellan gum curdmeter gel strength of
at least about 300 g/cm2. 2.The process of claim 1, wherein the
precipitated gellan gum has 15a 0.1% gellan gum curdmeter gel strength

of at least st biienAdrdigyREEss, Phdapnatewhespibtheerides,

precipitated gellan gum has a 0.1% gellan gum curdmeter gel

strength FRAVRIBHMANPcRIg DAY RORCLRANS UYPREGSBBES Y ated
any of therpsRYigyEHaBRs sthsigindaerRigieR irlas SR sieficientrs,

strain. 255.The process of any of claims 1 to 4, wherein the clarification

step comPRYEOTRBERJObIY REk R $5% SHRTPERERE ISR Si QY
30 C to ahmyid&Cand propylerieeghjios|wishepse or more antioxidants in

combination with 30one or more chelating agents and a lysozyme
enzyme; c. treating with one or more surfactants; and d. treating with a

protease ERayhscess 6f dlagPBapsselcirigshmairinithsoaniivxidarics

sodium sulfite. 5 7. The process of claim 5 or 6, wherein the chelating
agent is SHUBEd from the group consisting of disodium ethylenediamine
tetraacetate, dipotassium ethylenediamine tetraacetate, tetrasodium
ethylenedjamine tetraacetatate tetrapotassium 10ethylenedigmine

tetrdacetdtB® AR ERF LB MU PERAE fHipReteiiil EiF s ISoarRAt is
hei(ar;r]leta#ﬁm@swmmmmmsghfm%wmﬁmtﬁghsgﬁma&imﬁhw{]oxide, sodium
polyphosphate, potassium. polyphosphate, sodium pyrophosphate,
potassiurﬁ@fl@gﬁ%sﬁﬂgﬁ'gﬂg\{%&ﬁﬁﬁﬁp Alsphate, monopotassium
phosphate, disodium 15phosphate, dipotassium phosphate, trisodium
phosphate, tripotassium phosphate, sodium bicarbonate, sodium .
Caonatd o RIOGR ChABTAL ChOAELE dm HERBAE SLE e
exchangepestaissiethygdesiatsine dihydrochloride, ethylenediamine
diacetate, ethylenediamine lithium salt, and ethylenediamine
20dihydroiodide. 8. The process of any of claims 5 to 7, wherein the
chelating Aggeiitis gisadivepatsybped@prinectatrabantate c2hthdHeto 13.
process of any of claims 5 to 7 wherein the chelating agent is citric acid.

10.The process of claims, wherein the surfactant is selected from the
15. A gellan gum comprising a total acyl content of less than about

2.0%, wherein the gellan gum has a 0.2% gellan gum curdmeter gel

strength of at least about 300 g/cm?2.
16. The gellan gum of Claim 15 comprising a total acyl content of less
than about 2.0%, wherein the gellan gum has a 0.1% gellan gum

curdmeter gel strength of at least about 117 g/cm>.

17.  The gellan gum of claim 16, wherein the 0.1% gellan gum
curdmeter gel strength is from about 117 g/cm 2 to about 400 g/cm>2.
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group consisting of sodium dodecyl sulfate, 30polyoxyethylenesorbitan
monooleate, lecithin, monoglycerides, tartaric esters of monoglycerides,
phosphated monoglycerides, lactylated monoglycerides, acetylated
monoglycerides, succinylated monoglycerides, ethoxylated
monoglycerides, sorbitan esters, polysorbates, polyglycerol esters,
sucrose esters, sodium stearoyl 5lactylate, and propylene glycol esters.
11.The process of claim 5, wherein the surfactant is sodium dodecy!l
sulfate. 1012.The process of claim 1 or claim 4, wherein the caustic agent

is gglectedl{eogen giarreensiating Wﬁ@%ﬁﬁﬂé’@@ﬂ@ﬁ?@ﬁﬁwéﬁ?ﬂ%ﬁted at
Clal

hydroxide, and trisodium phgosphate. 13. The process o m 1 or claim
4, wheren‘i°{h@cwa£%rc*?gseﬂﬂ'@Piswtaggttﬁﬂ%af%@mwg%%w@9%-
prepared by the process of any of claims 1 to 13. 15. A gellan gum

com risinﬁ]a total acyl content of less than about 202.0%, wherein the

gellan gui'RCH30 BYB AT Burdiresth Bia SREAGHUR Atae &( exture

about 30(Pghtiaantysive gelkusgwneiédaimddueomprising a total acyl
content of less than about 2.0%, wherein the gellan gum has a 0.1%

gellan gum 25curdmeter gel strength of at least about 117 g/cm2. 17. The

geban gumhef géaisn Honwbeaimines0 W Ple asianayelgnrgoreteagal 1%
strength is from about 117 %/cm 2 to abouf 400 g/cm2. 18. 19. 5 20.
10 21. 29¢llgg gben. 59 T hot viscosity of at least about 2 5 cP.

21.  The gellan gum of Claim 15 wherein the gellan gum rehydrated at
1% in water has a light transmittance of at least about 60%.

22.  Anindustrial product comprising the gellan gum of claim 14 or claim

16 or claim 21.

23.  The industrial product of claim 22, wherein the product is selected
from the group consisting of beverages, confections, jams and
jellies, fabricated foods, water-based gels, pie fillings, dessert gels,
icings, yogurts, puddings, whips, creamers, gelled milks and ice

creams.

24.  The industrial product of claim 22, wherein the product is selected
from the group consisting of gelled pet foods, microbial and tissue,
culture media, liquid cleaners, toothpastes, soaps, and body

washes, deodorant gels, air freshener gels, and soft capsules.

25.  The industrial product of claim 22, wherein the gellan gum is used
in a concentration from about 15% to about 90% less than a
concentration of a currently available commercial low acyl gellan

gum used in the industrial product.
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24. 25 25. 30 The gellan gum of claim 16 wherein the gellan gum
rehydrated at 1% in water has a light transmittance of greater than about
60%. The gellan gum of claim 16, wherein the gellan gum has a Texture
Profile Analysis hardness of at least about 9 Ib. The gellan gum of claim
16, wherein the gellan gum has a 1% gellan gum. 90 C hot viscosity of at
least about 25 cP. The gellan gum of Claim 15 wherein the gellan gum
rehydrated at 1% in water has a light transmittance of at least about 60%.
An industrial product comprising the gellan gum of claim 14 or claim 16 or
claim 21. The industrial product of claim 22, wherein the product is
selected from the group consisting of beverages, confections, jams and
jelfSs, fadrteatedUesid RIRRNELASEF e R2 P RIRIGNGSe b giEN i iRed

yogurts, pHAGARMRNBIPHIG @RNBeKs, SIedied IMlk$ Rk e 61¢ aB1e cldtefrom
industrial product of claim 22, wherein the product is selected from the

group conSR&Hg R GRNSIEHM RIGRTANRRIRA! L Ek0a8 Nt RIER, and
liquid cleaperpdeefipastes, soaps, and body washes, deodorant gels, air
freshener gels, and soft capsules. The industrial product of claim 22,
wherein the gellan gum is used in a concentration from about 15% to
about 90% [aseéaaric peasentigion af scolgently gviilablapesgerdiateps
low acyl gellan gum used in the industrial product. 26. The industrial
product oPElaim 22, wherein the gellan gum is used in conjunction with at
least Oneegeﬁi?ﬂd?ﬁﬁ‘lf)@@ﬁhiﬂgiﬁ?(ﬁﬁm@ @mgéshmg@ﬂﬁ@ﬁ&'ﬁzt;ﬁ%%th;
carrageenan, locust bean gum, konjac, and 5xanthan gum, 27. A process
for prepatingSAPLER EILE B SRRSO E aGAUBIC agent: o
germe?ting ngi;mgrm@a_%ﬁf?ﬂ%ﬂo;&f&squﬁwati@mﬂahb?b._ _—
eacylating the fermentation broth with g caustic agent; c. clarifying t
formentato RIS ) T AToHE ST b B PG B R R proth
the clarifiethérememtatignidiogonwheseinotheggnarogomhesrérieter gellan

oum curdgeler e PUFG oL epr) Aoyt ofomz. 15
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