; e3eHQIJKDL@WNGNTHOV' E  #1956. PGG 5 SCLUTI ON STABLE LOW AMYLOSE TAPI OCA
STARCH AND | TS USE BACKGROUND OF THE | NVENTI ON The pr esenﬂlwﬂlmumu“"mmn
relates to a | ow anyl ose tapi oca starch which exhibits go

stability, including freeze thaw stability. 10 Starch, in genasabs contains
two types of polyners, amylose which is essentially Ilnear and anyl opectin
whi ch is branched. Regul ar tapioca starch contains about Zmn"ﬂ’ﬂmmrmmmme t he
bal ance bei ng amyl opectin. Low anyl ose tapioca starch cont

significantly higher |evel of anylopectin than common tapi oca *séaech and
therefore exhibits different properties which results in different
functionality m15 industrial applications. To neet the Gesgpdighg needs of

i ndustry, regular tapioca starch is often nodified by numerous techniques
known in the industry to change the behavioral characteristics. In
particular, nodifications ar e often nade to |ncrease process t ol erance and
stability in an a8 QN S s ] ’ B UBEdi fication is
Cross- I|nkﬁ%g When an aqueous dlsper5|on of natlve tapi oca starch is
heated, the starch granules begin to swell, and the dispersion devel ops a

short, salve-like texture WA‘&RGhéuhHBQFrhENvéthNTpar“ ng pal atability and
t hi ckening in systens. Fbmever durrng the process of cooking native

starches, this textural state.rap i.dl %4 aqow arﬁ)ﬁosg a%logn?tgrfﬁaﬁch éxhlbybbery state

in which the 25 swol?@rr?se”r Dt ateS Gret & PR Cooki ng ti me,

t enper at ur e, agbddgdmg,emm@t h@pum.r@%eéyskhlawa@b,ﬁ)hear and pH are sufficient to
effect this transformation. Cross-linking acts to strengthen the granul es
by reinfortd ng the Steyely orgemn%ncmtawhltwh trpee qfe@b(mnts; bmeloa‘eowhlﬁoll&jl ng the
granul es intact an ene sensitivity

se 0 0
of e swol | ersst R inegs e amater s YR TG B P BE R GBTER | ons.
Aqueous di Sper gjoQs.284, afkBss tk bRKRE bt PIRAPES. Ol £H)ides BFios s condi tions
whi ch invol ve prolonged Storage at relatively | ow tenperature and/ or
exposure, at Scohiaimes sighitcantypeghtraelel of @mglbpegtinathah dotnenan tepiocsy sthiels and=or - exanpl e,
starch dlsper5|ons are_used in nunerous products such as canned and frozen
foods, particulgPFPy Pt PEpsPropsities Whgursuls A Liferat Ifiekenalibh t he case of
canned f oofk priogughs plwgr%g are often stored in warehouses which have no
heat i ng facilities aﬂci may therefore be at very |ow tenperatures for
prol onged peri ods danrtnhéshyhefl deedadingchsedsng irklostppreggar thfi@aestrdhoiodgenlO0 are al so
subject to long termstorage at very |ow tenperatures as well as freezing
and thawi ng duf?di§d &y SEPEBYR PERIAUESHARYN Bulthingyste i Pagecites PRRRYBIRVI ng
exposure to |l o r r dj 0SS, ydrating
power of the s aragtgps\% hl‘?amcwrg "g)ﬁlklcsaf%sséﬁéhh% 8&6 ® Hkre?steh&?%er eby
resul ting in sygBRr@SNS stadlifly 8 Xi iomsaueals&fsudnl quid, together with a marked
deterioration in the texture, color and clarity of the food 15 product.
Attenpts t@0 over corRhet ‘P?é%‘@“d‘b’ﬁef pfcmedificdtion 4y érORﬁ%;\hh‘lgl nVedeameaueard i ncl ude
e LnLroduct ! iheflon Bl 5 A RHRS RALE A \Gard! FLEM, BBCEULE, By moans of

vari ous chem ca Srivat T zaton reac °F onis reacting the starch
with a nonof ungé isepadion &AEEKRLa Edrt] M@Q@ﬁﬁuﬁ%ﬁhhé Wipakisnt SUBipadisg _

hydr oxypropyl, phosphate, 20 acetate or succinate groups. Such substituents
stabilize the waiagbiily abythickaning inesydtens. \Wowevet, ering wpedceasiobepolieg vasien nol ecul es

or portions of t SR | ecul e, thus reduci t he tendenc

substi tuted st%\?%ﬁé g‘gex{maé%tat?lﬁa@idfy HV‘@? ia8r?|a§I P?eyy Squr\?n{%p tﬁand short,
snDot h t exp4ir esfilerS hRARAGE rp@Fct | GioRvhntichs ih QWOkIRTRRS, deMp&Sture RRE €

derivati zation reactions alone may be carried out on native starches to 25
i nprove their ¢cmwantrsnp@s aeliee smaamdl pHt 9re spifitierdu tee effecetyigerabsfyrmatiombi ned wit h
cross-1inking '%E‘al n starch ers in canned pie

filings, retor BYRRSS S‘éeﬁgfheé‘ e, Q’?Pé“ef’ PW@'”WI”&ﬁ’qur?geRB‘éﬁs BY from
losing its cl aér'etré/spéﬁﬂle EoHinG NG EhURY RRRELhAL Rus! YL th TofsddniGhe

t enper at ur es.

Uicihi i



Low anyl ose or waxy corn starches are well known in the art and have
i nproved solution stability over regul ar starches. However, while sols of
waxy maize 5 starch are superior in stability to those of regular starch,
even they are prone to internol ecul ar association during storage at or near
freezing tenperatures. In recent years there has been a trend toward
devel opi ng starches which have all the properties of a nodified starch, but
with much | ower levels of, or even no, chem cal treatnent. For exanple,
attenpts have been nade to increase the Iow 10 tenperature stability of
starches by using B-anylase to enzymatically hydrolyze cross |inked waxy
starches (\M"Z(erlgnga s%sﬁvit Pﬁttﬁﬂts N@n s@arc%zé'aﬁ]e%) toaﬂ:qdlm?tdn}ﬂ'eprm ngrm" Z€
starches (EP 574 721 ). Such ygrol yslis Shortens or Fenobves the outernost
a- chai ns of thendttoas.ch nol ecul e. Thus, the possibility of association on
the part of these branches is |essened) resulting in significant reduction
of syneresis and géRvEorydigFersiocR® of1omesp-tivkad BREH aetcier tier NEdee Rpeidense to | ow or
freezing tenperatures., rk s. al so.done on the.starch extracted froma
omozygaus. T SCRLeETe g tnied T 28 Mt oo A5G RS R BEY (hie
nat ural I'y $n0rtmeB b Fpbifitrbosit Pdna thaling cRis e FdraRdmdid B8R ukaNMnshabi 1 ity (See
Wir zburg, U S. Patent No. 4,428,972 and Nagle, U S. Patent No. 5,954, 883).
However, tapi osed istnamerbusi psoddes such ascanmedrant §roZ20 foodsl patiquiady fritppdpe.cat i ons f or
its properties, including | ow protein content and bland f]avor in
conpari son wi tAPSnIorPRe 2t el NegaiefY FAOPSLPSS Procticth Hes Y6 KRS S scover ed
that | ow amy! 65 GalARlar @it Alé Ro Masing Kefild: &l B0l o8 LR Iy, T nCl udi ng
freeze-thaw stability, yet retains a chain-length distribution simlar to
regul ar tapi octempe2diuras for FolidaRYerOBs didEmdyNkdeddTdudng Jipinpr Eseert fobdsvent i on
relates to _a | ow anyl ose tapioca starch. Such starch has excell ent sol ution
stabi li ty,1q ncABPNRYLIPT! SN RNAgE Abelilqtemparriures asell As rReRiIRY AMddi st ri but i on
simlar to th ar. t.api r ' in awde 5
vari ety of foar e APRLLBkat) 6Rg: Sh e SRR ePalSd Wl fer W th
or wi thout chesmhgadturabérd iisCaldisbt lossah tHel IgBratigadoivkd dfvthe &tarctis@ich kerein, i s
intended to nean that the physical characteristics, including viscosity and
sol ution cl ariRrgeentdf sugh dqog Peduds thegspy ®sWing i synereTit &N SKREoT 8neldi tion wil |
remai n general] n n ver .fi . e ipcl udes | ow
terper atr e ardoePLERERARA A Blort iR PR LRPECR Aoty Hifhe B ¢

15  product.

Attempts to overcome these difficulties are known in the art and include the
introduction of blocking groups onto the starch molecule by means of various
chemical derivatization reactions, for example, reacting the starch with a
monofunctional reagent to introduce substituents such as hydroxypropyl, phosphate,

20 acetate or succinate groups. Such substituents stabilize the starch by interfering with
the association between molecules or portions of the same molecule, thus reducing
the tendency of the substituted starches to lose their hydration ability, clarity, and
short, smooth texture on storage particularly at low temperatures.

These derivatization reactions alone may be carried out on native starches to

25  improve their low temperature stability, but are frequently combined with cross-linking

to obtain starches for use as thickeners in canned pie filings, retorted puddings and



thaw stability, as used herein, is intended to nean that a sol of the
starch will maintain its physical characteristics exposure to | ow or
freezing tenperature, including cycling through such tenperatures,
particularly that there is no distinct loss in the hydrating power of the
starch, no syneresis, and no marked deterioration in the texture, color 15
and clarity. BRI EF DESCRI PTION OF THE FIGURES Figure 1 - Figures 1 a and 1
b depict the chain length distribution of regular and | ow anyl ose tapi oca
starches. 20 Figure 2 - Figure 2 depicts a Brabender curve show ng the
viscosity of |ow anyl ose and regul ar tapi oca and corn starches nodified

wi th 0.02% POGASjike Rin@N W8 kebpTodaltaMRing itdl@PtyGhe tetuBABCERSIed €W 6 Showi ng t he
viscosity of |ow anmyl ose and regul ar tapi oca and corn starches nodified

wi th 0.02% PQGregzisgtdmpBHet@e. Figure 4 - Figure 4 depicts a Brabender curve
showi ng the viscosity of |ow anyl ose 25 and regul ar tapi oca and corn
starches nodified WPVRTIBR 0L W LN ARICBILIEOVCIFNGH & Be at@ngd i 5 depicts a

Br abender cury, j the. i MRY I ar tapioca
and corn star clﬁgréb%#&mg]lnes %{l/l\}vto ﬁquezgér%%&%g%ﬁgéf '9&%%8@n ‘ﬁ “ra%%ﬁégere 6 -
Figure 6 depi citsch bre supeiozi-stdbmwy tethakd bfi doyulad fstafdBQ eNed Ithey Gird) pror@ @ul ar

t api oca, waxy mai ze, and | ow anyl ose tapi oca starches, both nodified and
unnodi fi ed, atNABIMEFYRr apiqciation gyiing stprage FtiopfipaidrepzipplpnRayUrehe freeze-t haw
stability of regul gr n | ar I 4 and .| ow amnyl ose
t api oca starches, g%tr%%ﬂ ?r% :ﬁ%% %ﬁc?te%ﬁ%rg%@ tlog%[‘,é"ac?é%’emgﬁg 5%? h?)sl—l‘fvh'ﬁETAl LED
DESCRI PTI ON Orhaldi thé\MENRIeED alhaified @&€M) butiwil @101 16wy 1094194185 eled nd, | ow anyl ose
tapi oca starch. Such starch 10 has excellent solution stability, including
freeze-t haw st@binichlttieatmgnid fFor ekamipie, Réamptshhagé beani hadeitorncwpsa hardow o t hat of
regul ar ta]oioca starch. The stcﬁrch is useful in a wde variety of food,

phar maceut | tal **™BHYUP SERILY Phiskcaiy|PiRtl-pariese asnzyaticalli PYArolFe SiFsthout

chem cal nodif ' ' el i.s. i ntended to
mean any tapi olk‘g&;%’%?étﬁk%g (W Eﬁ&?o%?gteﬁﬁ%sﬁgﬁﬁggﬁ? ?@Vglwééyshgzr%/l ose than
regul ar tapi ocaarstiea(EF5747ar)t Sadilhgdrdlysistshertens\brirehove©int aitérmodt @staitdran about
10% nore particularly |less than about 5% nost particularly |ess than
about 3% anyl o@éh%ﬁtaﬁﬁgi"@WP‘JIG-LJWSaWIR9§3é’"'ﬁya?5i9(§%9&'a§qf‘a%ﬁe Ry Oﬁé‘eﬁﬁbt ai ned by
t he met hod of ' Lo N . 626, i n i rjporated in
its entirety bé/#a%g?sﬁgglﬁgggé?&’ 5986%9 2{)@ qﬁﬁlgﬁggfﬁ’g\%g?nnogg %ﬁeggig %'bld; elhﬁ%ﬁf ﬂger e | ow

anyl ose t a8 ocCfaosiréducts @sing exposiesio fov@Mrdcamy RiMpdraG@s.cassava pl ants whi ch may
be found in nature, obtained by standard breedi ng and crossbreedi ng

t echni ques, or obt alVeikdabisa daansn GeStardsrexiracieg diomi HRPMOoEYIAYSSPeRsi¥R | on or any
ot her net hod ofu ene or qarrl\{ OfDSOE en it g@hr.i ng 1o ri}r&(é:J_ude e}r{frtiﬁwti ons

t hereof , wher eB% BN Prdert i 88 GTOYIE S8 Lo G Pip Rt T4 ar e

obt ai ned. 25 I nysagelibri %BezeaM SdbiigE62RLEEE, "0 Bl RDL4 HBOW) ofd OM _
artificial nutations and variations of the above generic conposition which
may be produceldadiey Uhdatentsiiaridas, essire tHheasr, ¢dpiopalstatch tnddsirasedt mgny s al so
applicable herein. 5 The substanti al Ia/,pure starch may be extracted from
the root ofYa NYRFAAPPIGRENLASS HPROPSaREUIINStY RPN SNSRRS e {avahy et hod
known in the aftomin&nyilh R P4Lciaet 1imted to pulverizing the root and
separating the starch fromthe remai ni ng conponents by water extraction. 5
The resul tant nati vaursisiaghs h hisaewbpeptiscovees tranidwfaogiodel tapheb stayechwhd ch ar e

uni que and desirable in many appljcations. Such native starches have the
addi ti onal ben@fflentoPluliRarsiablivnigelidng fgessrthangsiahififye ¥t 6oiains ¢ ghaiilerdut cheni cal

nodi fication. k [ nemi Nt starches al so may be nodified to further
enhance their &Bg%%g&tsimg%hgﬁegm?ﬁ%%?'onal ity. Any nodifications known in the

art may be2iised, including those which 10 are chem cal, physical, or

enzymatic. Chemcal derivitization shall include those to form ethers,
esters or half esters such as hydroxyal kyl ethers, acetates, phosphates,
succinates, i.e., octenyl succinate, tertiary and quaternary am ne ethers,

etc., or by any other nodification techniques known in the art. 15 The
preferred chem cal nodification of the present starch is cross-linking. Any
cross-1linking agent known in the art3may be enployed for this purpose,
including but not limted to epichlorohydrin, |inear dicarboxylic acid
anhydrides, citric acid acrol ein) phosphorus oxychl oride, adipic/acetic

m xed aci d anhydrides, and trimetaphosphate salts for food systens and to
epi chl orohydrin, linear dicarboxylic



20 acid anhydrides, citric acid acrol ein, phosphorus oxychloride,

adi pi c/acetic m xed acid anhydrides, trinmetaphosphate salts, fornaldehyde,
cyanuric chloride, diioscyanates, and divinyl sulfones in non-food systens.
The cross-linking reaction is carried out using techniques known in the
art, for exanple those described in U S. Patent Nos. 2,328,537 and

2,801, 242. Procedures for nodifying starches are described in the 25
Chapter "Starch and Its Modification" by MW Rutenberg, pages 22-26 to
22-47, Handbook of Water Sol uble Gunms and Resins, R L. Davidson, Editor
(MGawH Il, Inc., New York, NY 1980). 6 The amount of cross-Iinking

agent necessary to give a sui#%p%ghpéqugngﬂﬁkmpepend upon the desired
functionality of the starch. 0ds tTo obtarn such functionality by

crosslinking are wahb pﬁémvwﬂvénﬁbntrbleteﬁl’ota ian dmwbdel tapicas BaftRpB0EH sigch | Nter al i a,
on the type of cross-linking agent enployed, the concentration of the cross
5 |inki ng agerlas exgpdent salgton Gpby %nﬁ?"ﬂq'f@nféeezeath@” 9%'%@@@%@@9 iergkh havi ng a

cross-1inked Sc}s"ilr thcw Igrl tt%qvl\at)éf re %%ap?cﬁgutr;rch&h star?}ér CLﬁgf{l |m ab Ut 0. 001 to

about 10. 0% by wel he' St'87 re fay"'ve physical l'y

nodi fied, schmaaay layfob@eahamacéumn tunahrwustﬁaﬁe%gm.bémeﬂ& biheM9 2} QARB2 (publ i shed
February 9, 1995) or by shear. 10 The present st ar ches may al so be

enzymati cal | y atvedicdlimedfidaforone or nore enzynes knomm in the art, including
wi thout limtation al ha-%ﬂ@ bet a- anyl ase | ucoany| ase, naltogenase
s

and pul | ul anase. THEYL{ 4 aﬁé@“%ﬁ%%”ﬂ%'%ﬁ@ﬁ%f FP%‘?@ the ERbYsR3| ar y

processes for pLapaistiigd mlzﬂtltﬁﬁe\hﬁgéltp'a%@go@troﬁ-rc%hgsof al QartH §&|o?%esctiar&rn U S
4,280,851 (Pitchon, et al.) Eastnman, et al.), U S

5,037, 929 ( Rajageipag asmpositibnSyil embdlgedd 3y (UKesnged oveettlmalanii temspm}htutdz S.

5,149, 799 (Rubens). Conventi onal rocedures for pregelatinizing starch are
wel | known'® o aFdisludesiow emperatyre ppgirogre-tham sfakiits APV (rEReRIreaRE ffe%Pt i cl es as

Chapter XX |- 'EILf ﬂ&ﬂﬂﬁft és%e@%?gunyﬁﬁt&fde%D tﬁﬁ%@r‘m b2tz fle Shh G’E ni_at_m\c'%xﬁ{ ch:

Chem stry and nol’o triral Aspects, stler and

E. F. Paschall ,1ts|5dysﬁc@Irc$|araansmaadﬁﬁiJr6 td?b\&SSfreeE@gl\teh{ﬁé’r&uriQﬁfudlnﬁh@chﬁd arches my
al so be converted to produce, infer alia, fluidity or thin boiling starches
prepared by oxtf"@aﬁhi PN te@ﬁ%r?/tHFés PGy F"@h‘hﬁ’ar‘% focdigtingt fops [Hythebwliitase, acid

hydrolysis, po%% q?(r ng‘g#ngregﬁ ea\ §h mt%ﬁigézgeterlorap 155 if? thﬁg?nfre Sctol%lr ches may be

purified by an ar avors and col ors
t hat arelwﬂlvgwbgmphe starch or created during starch

BRIEF DESCRIPTION OF THE FIGURES
Figure 1 — Figures 1a and 1b depict the chain length distribution of regular and low
amylose tapioca starches.
20  Figure 2 — Figure 2 depicts a Brabender curve showing the viscosity of low amylose
and regular tapioca and corn starches modified with 0.02% POCI,.
Figure 3 - Figure 3 depicts a Brabender curve showing the viscosity of low amylose
and regular tapioca and corn starches modified with 0.02% POCI; and 3% PO.
Figure 4 — Figure 4 depicts a Brabender curve showing the viscosity of low amylose
25  and regular tapioca and corn starches modified with 0.02% POCI; and 6% PO.
Figure 5 ~ Figure 5 depicts a Brabender curve showing the viscosity of low amylose

and regular tapioca and corn starches modified with 0.02% POCI; and 9% PO.



nodi fication processes. Purification processes preferred for treating the
present starches are disclosed in U S. Serial No. 071832,838 filed February
7, 1992, by 7 Kasica, et al. Alkali washing techniques, for starches
intended for use in either granular or pregelatinized form are also useful
and described in the famly of patents represented by U S. 5,187,272
(Bertalan, et al.). One skilled in the art is capable of using any single
or conbination of 5 nodifications in order to obtain the desired starch
properties and functionality. These nethods are well known in the art and
the resulting starch properties and functionality will vary dependi ng,
inter alia, ong t f o amdifi i . .
nDdification,q%%gg%hgagggéFﬁggh%é%%%f@@ﬁggmkgi% %gﬁ%ﬁégsgﬁgaggﬁbination of
stabi |l i zi ng uswaxg nfaize pant @swe aripidsd @apiosl staichsss bit iobifedusidN@mpaitsipAor US
oxychl ori de produces 10 nodified | ow anyl ose tapi oca starches which have an
onset gel atinined¥d B t enperature which is at |east about 5C | ower than the
sanme nodi fication on_a narmal tapioca The solutiqgn stability, including |ow
tenperature a &lJe?é{gy?ﬁé%BgfgﬁﬁP?eyfwﬁgxﬁﬁéyﬁpggéﬁp’g?ﬁ?éﬁg§&is

si gni ficantgdy &y hidikzetdhenovd Bafiosd faphX ¥tafRdsZ Bot Hidkifidd &fa nRBYidl alS tapi oca
starch. Using the freeze-thaw stability test described in the exanple
procedures, i rdcidgpHit was di scovered that the present starches remain
stable for an average of three to four cycles conpared to zero to one for
common waxy mai ze and regul ar tapioca starches. This is inportant in a

vari ety of applications id&TXﬂESBEéQﬁPﬁBﬂUﬁH‘HﬁW@JTF&N‘g conposition is
exposed to prolonged stofage at relativelry I ow enperatures, including
freezi ng tenper at urmes presgmth@htixpiassitoa bW amhgRRaipeda EtaRRZ 50 ski¢h t haw ng
cycles. This includes a variety of food products, particularly canned and
frozen fools shaerpxepienisaldtion singlly, inglypingtirpezerthaue stakifde apd at dheingengtent st ar ches
in such a_ppl : Céllstttlibg{ﬂo%. S\M'nillallt %Lalt QWe@.tl]aEf\ tfp%géjstgtrcﬁ).d"llﬁet & rErPisruegfall irr1] atv&] el r quality
by retardi ng syneresis and ‘marked deteri orati on o proéuct texture, color
and clarity. 2ardief @08 hhheacdubdy ahatindigrianBehiEteRz eitlehaith st allold ty of the
present starches is particularly surprising in view of its chain |length

di stribution wHewplalimpdigdatien ar to that of regular tapioca starch. Previously
di scovered starches which had such inproved 8 stability ha hor t

o hal ns. such s TR SARIRTCE 4F frraTBaRdT iottee S hRR L et did by

Wir zbur g (14 S. wirtc8Rbind\gnifidanB2i8ssOafdlosciRsh NGRS tapREZ Qarst, Rhr8duIaMingh 1S
honozygous for the sugary-2 allele described by Wirzburg (U. S. Patent No. 5
4,428, 972). Thehighrsiens less daclabat 48t mhere wedicliary leas than iabow 564 npeloduct s as a
di rect replacenent fir %onventLona native or chemcally nodified
starch(es). ThRECHRIMAE NBREPL S BYRIVAPER" ey general |y be used at any
desired level, the gapoiiiosPeipREa ABRENISNLe UBRRed BF the MEkHo@N@l iy to be
obtained. In general, the | ow anyl ose tapioca 10 starch will be used in an
anount of fr onmimliatidn Nunbert08/8 38261 heB@difcoparnated mutk entitefy Hyrderer@bout 5% t 0 about

60% nDreé&?rticularly in an anount of about 10% to about 40% by wei ght of
the product® The stAPdRMARY" B nyauieyare fpv Ay ioss, RrlcReIFraPrs dadvedditient i onal |y

used star _Ch_es1 Io@iaFlelgge Qisgaggtpllaﬁﬁs LRich h‘%y b2 RAP it 1R, Ybtali¥a Q\}jgﬂ.a%roa slurry or
sol containing the'starch to the conposition.

breeding and crossbreeding techniques, or obtained by translocation, inversion,
transformation or any other method of gene or chromosome engineering to include
variations thereof, whereby the properties of the starch of this invention are obtained.
25  In addition, starch extracted from a plant grown from artificial mutations and variations
of the above generic composition which may be produced by known standard

methods of mutation breeding is also applicable herein.



15 The | ow anyl ose tapioca starches of the present invention may be used in

a variety of industrial applications, including without |imtation paper

products, food products, pharnaceutical and nutritional products, personal

care products and other industrial products, particularly food products.

Paper products is intended to include, without limtation, paper,

paper board, 20 linerboard, corrugating, cardboard, bags, and envel opes.

Phar maceutical and nutritional products is intended to include

phar maceuti cal excipients such as binders, disintegrants, and diluents,

tablets including effervescent tablets, dusting starches and powders, and

prebi ot cs. pr oduct s RELSARR puAFnR Gk Scib Tt ERAEH a o dnfjedade wi t hout

limtation deodorants 25 and anti perspirants, hal r fixatives includi ng

sprays, gels, dmsusspsnt Etmbdtnalnmaﬁmibmmmsd kr&wapsthaani dugiag etrmst  nmakeup

i ncludi ng eye shadow, powders, f oundati ons, and bl ushers, shanpoos and

condi tioners, EH& o NEER 8 '?ﬂ*e@tjhsef’?ré@ﬁetﬁ%r%a“%i‘nﬁorﬂo’ﬁ? HER&ReS . Ot her

i ndustrial pro Lo include without limtation detergents,

and bi odegr ada‘%’?@g enfsﬁ%gglérew " i ncl udi ng |l oosefill, sheets and shapes. 5

Food produdgs is l%er&a@nmt.machaaypﬂagérﬁ&sandoruﬁaiaﬁennyamdh kRGhidees, wi thout

limtation, cereals, breads and bread products, cheese and imtation cheese

products, condindensirgble manehe epnliecatiensi Sach r@ﬁ\@ﬁﬁiqh%héimmewdﬂimal@@wi’abI e

dressi ngs and spoonabl e dressjngs, .pie cl udi fruit and cream

(1 Tinge. saucaenmie trprreainyeaud it srmedarreaiite dhuaidle Such as

cheese sauces, prgsfeﬁt\/bt%hes'ﬂot Ry 88 nRBfled ol f%nr%yrthPa%ce 1QirigakiBYang Cust ar ds,

yogurts) sour creams, pastas, beverages including dairy-based beverages,

gl azes, soups, fumtlchahtab\]lyfmduﬁtanonﬁtuncwnerr the ko oely pe oskdcitcludngitwsemded t o

included t hose foods whi ch under vari ous processing and storage

condi tions nc?rﬁmewa' HU?'C%BfGWZY'%“? ‘ed to, retorting, aseptically filled

packagi ng, ef I I gercoh3aeifichubd SHEf hilfts rkse iSmRERCHMeSLARFARS My al so be

used in chemcally and/or yeast [eavene b ery products as an

anti-stal ent, grous iWdogyaiy bRes| deatatbs, phaaphatss, satdifates, i80bdteyl, sutamasi er crunb

after baking as well as fresher texture and appearance after a storage

peri od. The pr@gan@nd puatestrasamiphelfiersssia Ay 4R dhtrincsiisatiofechnigues subst i t ut ed

for from about, 3 1@ abgut 15%of the total farinaceous content of the

dough. 20 The ntarch is typically added to a food conposition by mxing the

starch w tswat er iTheaffer@tich@hit mpifqatdnt dof ad slegeansthag isupess-ihkirg. end- use and

the mfixture is cooked as desired. If the starch has been nodified so as

to be col d-wat & c&gelinkiag pgent kawm indeot TRy PP $MPIRYFE ¢ dsaRUPosEINsleinGgr  any

g:; O?Rg g![ :pghp&gg%ﬁﬁﬁlteéqg r}epl or ry|dr1in$ ’Iinelglpmcgrgdxyl%ngciﬁr%lydr%gg,/ c?ﬁc K f din pl ac_e
acrolein, phosphorus oxychloride, adipic/acetic mixed acid anhydrides, and

trimetaphosphate salts for food systems and to epichlorohydrin, linear dicarboxylic
20  acid anhydrides, citric acid acrolein, phosphorus oxychloride, adipic/acetic mixed acid
anhydrides, trimetaphosphate salts, formaldehyde, cyanuric chloride, diioscyanates,
and divinyl sulfones in non-food systems. The cross-linking reaction is carried out
using techniques known in the art, for example those described in U.S. Patent Nos.
2,328,537 and 2,801,242, Procedures for modifying starches are described in the
25  Chapter "Starch and Its Modification" by M.W. Rutenberg, pages 22-26 to 22-47,
Handbook of Water Soluble Gums and Resins, R.L. Davidson, Editor (McGraw-Hill,

Inc., New York, NY 1980).



EXAMPLES The foll ow ng exanples are presented to further illustrate and
explain the present invention and should not be taken as limting in any
regard. All percents used are on a weight/weight basis. 5 In the exanples
bel ow, the tapioca sanples used are as follows: Tapioca = regul ar tapioca
starch commercially available from National Starch and Chem cal Conpany
(Bridgewater, NJ, USA). LATS = | ow anyl ose tapioca starches genetically
produced by introducing the GBSS enzyne in the antisense node and usi ng FEC
freom whi ch cassave 10 plants are regenerated. Corn = Regular corn starch
commercially available from National Starch and Chem cal Conpany
(Bridgewater, NJ, WRAL,WEX ¥ G g M1 ABELLRAI0 GRE B Sl GRods AP C! ally
avail abl e from National Starch and Chen ca npany (Bridgewater, NJ, USA)
15 AVFP = Low depgtidospen piod aibs)restfmctwnalavm thabdtaechfrmmrxémebﬁotﬁam\ sughFoxhol , The
Net her | ands) Waxy rice starch = Low anylose rice starch comercially

avai | abl e. ThelUTYPaHwPH EOFHIHEE Gify vl “\R@Yrb‘” drectt 3 MgLERLTRPeRding: BRanpl es: 20
Sol uti t ab t t st h
ol ution sta '%ja,bcg/n {5&?@5 of c;gg'seandCB'%e'nPQndﬁ&a/%‘ lhd §%5éf?1£1rla3tmeo %vrgcﬁ?%rs‘ starches

was tested bot erentl a I'oma and in starch

sols. a. DiFfemngnd bgnt, IeARAEHIBE cenditiehaPAROh& Rdtessitd R nalidy & RrosaiMRée 1S scanned
from5C to 140C at a heating rate of 100 mn with water: starch ratio of

2:1. The sanpl ¥artls Typieaty thissamonnt it ring@ FRm algt 0A8Y dorpbp ) 0.8% e weigld o ogr adat i on
data i s obtai nEd brg 25 rescanning the stored sanples. Duplicate runs are
taken and the P{:je is reported. 11 b. Starch sols - 100 g distilled

water and 4 drops rgd QQR GALREIRG @J%hﬁkaﬁﬁ%ddﬂne@ QRRKE by themhad Starch at
12% noi sture are added and m xed until|l free of |unps, The beaker is placed

in a boiling Wamlatronlde&cﬂaedmrt\NOtSBVMOBatpebhsfhee\Februabﬁ)\mQSD braty siofar.t he st arch

m xture, T mxture is heated to 190F, Stll’l’ln? constantly, then covered 5
and al | onelP t o cook P Hrese Siepies ManTO ¥ YRYTACRIY Bedifiephy ¥9-AK &1 s t hen

placed in a CoénQyn%tkhmwélﬁﬁqe éﬁqﬁwblbdlrﬁ%"&g |Il’¥1%tl(§’l él;ﬁ]m%l@ée% aQrfnyI%gF The

starch m xture 1's poured into ass ttl'es tO wt |n~2|nch of the
neck, renovi ngglmmwnsbmhaSQememdamnelarmsesent. The sanples are then
refrlgerated or frozen. i. Low tenperature stability 10 The sanples are
refrigerat ed at 4. 4ice plawtss, maYﬁE?/b%lﬁ”%ge@RWF'nE’ff”\R)éé’le%eﬂfsé?f%W'&qai’”ﬁ%/ and

syneresis. Wiep, %ﬂﬁm%@”&?& 9.%%%&03%96}9%8 9580‘%%5 Shitchdn theﬁgp ae' ther on

t he surface or resse ger consid stable. ii.

Freeze-t havp st gims|7o02 bEaa_h'hGn @aermlmsa:smzbmza@aspafaay u:BSs e oss (@kica, 80F, t hawed
for 6 hours at 70F, 15 and then exam ned for clarity, texture, and

syneresi s. Thi#)&eveé. $§49r78%@ab@5> lﬁqv\ientimﬁérogezﬂmﬁﬁ tor pregdirintimgeh st abl e.
Wien the sampl ¢ %fﬁ%& tooﬁé‘% %ued lﬁﬁ\ %n'a‘héd&‘é eS n sugﬁaamél & asoéha\é\(gt er 1s

present either on e sur 0 | onger
consi dered st agtie. "Production and Use of Pregelatmlzed Starch" Starch Chemlstry and

Technology, Vol. Il - Industrial Aspects, R.L. Whistler and E.F. Paschall, Editors,
20  Academic Press, New York 1967.

The starches may also be converted to produce, inter alia, fluidity or thin-
boiling starches prepared by oxidation, enzyme conversion particularly by a-amylass,
acid hydrolysis, or heat and or acid dextrinization.

The present starches may be purified by any method known in the art to

25 remove off-flavors and colors that are native to the starch or created during starch
modification processes. Purification processes preferred for treating the present

starches are disclosed in U.S. Serial No. 07/832,838 filed February 7, 1992, by



20 Anyl ose content -Anylose content was determ ned by potentionetric
titration. Approximately 0.5 g of a starch sanple was heated in 1 Ot s of
concentrated cal ciumchloride (about 30% by weight) to 95C for 30 m nutes.
The sanple was cooled to roomtenperature, diluted with 5 nMls of a 2.5%
uranyl acetate solution, m xed well, and centrifuged for 5 mnutes at 2000
25 rpm The sanple was then filtered to give a clear solution. 12 The
starch concentration was determ ned polarinmetrically using a 1 cm
polarinetric cell, An aliquot of the sanple (normally 5 m's) was then
directly titrated with a standardized 0.01 N iodine solution while

recordi ng the pakenki.nal Aksi NgsnRg Pécf%du@é’%ﬂt@r%e@%&dm tdt u8e KChimbef erence

el ectrode, The anpunt of | odine needed to 5 reach the inflection point was
nmeasur ed di r ecgrarylaes poageiatthizedidimm ere dboesdutanhdesofbedimtiedsreilywasataa cul at ed by
assumng 1.0 gramof amylose will bind with 200 mligranms of |odine, The
arnyl ose cont &RRresepier By ¢Rct18éd’Hfertien gh@dneat i on chr omat ogr aph (GPC).

Sampl e wer e prepaed by Al 4aLS ohbkus! ST N8 40bo B olBlpioBbAr oh In 4 g

of 10 di net hyl sul f oxi contdl ni ng m°ni° ate and heating to

100C for 2 sounsdiicdtides i6 3B 16 oM@s the édired @&lcH froperiee smainttionand Thageect ed (300A)
into a GPC 150C chromat ograph (Waters Corporation) Anmherst, MA). The Cel

Per meat i on Chrrogteade greaysh knewn ini thesait apd the lrestiing fagerearepetios @mﬁuncth(DQity 103, 10z

m cron (nom nal ore si Pol y oratories, Anherst,
Wy The mobi 1 SRAEEeTAE’ (&7 gl ke ol PRl BHEAThPRGo8 Rl of Sodt um
nitrate. The |RA&dikatdRthd W@%a%ﬁ'b@ﬁd%%satFo%xErﬁﬁpoﬁeaéoMBiﬁat@iﬁ oft3dbili a flow
rate of 0.7 m/mnute was used. The colums were calibrated with pullul an

st andar ds ( Showsing Deodyiend< okidg adcapass)mwran@mgpﬁosphmuk egychianidewspdgiees f r om 5800
to 850, 000, 20 Chain |en ng of starch was added to 2m of 90% DMSO
(10% wat er )0 arnBeUet r 'P%da’%lé‘ise 9@@5’0% REfenesyinee | ANy, a7 o8%h $REIRFI%omv Acet at e

Buffer pH 4.8 yas, addGicd 8 aﬁgh%téﬁ' @'5°<§"| forlah ‘Me%ﬁme b J.c%tmﬁ%ﬁ%%mgp that Some

of the anylose precipitated out o utlon eso ution was briefl

boil ed until chgeh, Once t he sanpl e had been conpl etely dissol ved, 20u1 of
pure isoanylase was 25 added. The vial was incubated in a constant

t enper at ure bat h f dihe sgutlen stabifity, IBlgding Bw temperature and freeze-thaw stability, of

the present starches is significantly better than that of waxy maize starch or regular

15 tapioca starch. Using the freeze-thaw stability test described in the example
procedures, infra, it was discovered that the present starches remain stable for an
average of three to four cycles compared to zero to one for common waxy maize and
regular tapioca starches. This is important in a variety of applications in which the
starch-containing composition is exposed to prolonged storage at relatively low

20  temperatures, including freezing temperatures, and/or exposure to repeated freezing
and thawing cycles. This includes a variety of food products, particularly canned and
frozen foods such as pies, soups, and the like. Use of the present starches in such
applications will allow the food products to retain their quality by retarding syneresis
and marked deterioration of product texture, color and clarity.

25 The good low temperature and freeze-thaw stability of the present starches is
particularly surprising in view of its chain length distribution which is similar to that of

regular tapioca starch. Previously discovered starches which had such improved



Upon conpl etion, chain-length distribution was determ ned by high
performance ani on exchange chromat ography (HPAEC) with pul sed anperonetric
detection (D onex Corp., Sunnyvale, CA). A D onex Carbopac PA-100 colum (
4 x 250 nm was used with a Carbopac PA Guard colum (3 5 x 25 nm. The
potential and tine settings on PAD cell were E~ = 0.10 (+~ _ 480); Ez =
0.60 (+2 = 120); E3 =0.80 V (t3 = 300 ns). The eluent A was 150 nM sodi um
hydr oxi de sol uti on, which was prepared by dilution of carbonate-free 50%
sodi um hydroxi de in deionized water. The eluent B was 150 nM sodi um

hydr oxi de sol ution, containing 500 10 mM sodi um acetate. The gradi ent

program used i jp.t t i ] . starting with
85% el uent A asflagﬁ'?g%]sedoﬂgr?ﬁ ﬁrﬁ,’ ﬂ@r‘lg? ﬁggﬁ?@"%g(‘}%@(zggﬁ? JaggQj%%%%lbe?epar ations
were carried ayt at anbient tenperatures with a flowrate of 1 m/mnute.
Not e7: This neasurenent is made for all chains having a DP of up to 60,
i.e., 15 the percenfuperdallen FBRNMsNoWhS3RiEF?) 49d warne nppize cdaith weige®d on t he

total area of ,all chaitrg;s ortest.chain that is

up to 60. Al so, 6 i,S _the
seen. Pump & AATEREORoET Stbaitn L yefte teule FoihlE B IEhER N6
0. 4851520. @653h43p09H05050. 0406075. 0307085. 0257587. 0010095. 0855105. 08515 20
14 To prepare the sanples, each starch sanple (20 ng) was weighed into a
10 M vial; 2 m ofTh®@p%s@NB@rohel nat by usesiuih faoydrietp )of (PRIVBEG: wataedirect 9: 1,
vol une/ vol une) was added, m xed with a ma%neti c string bar, and heated in a
boi | i ng wat er "BARRMPYfoscopysrlitnalsnative, achermically pedifigd istarch(gals ABRIOY and i xed.

5 After the m MME@taE@& s%?c(ﬂln?ag ggr%rarlhptg)erﬂsgc?mﬁf @e%ﬁ‘gdqeveﬂ'th%makt ﬂé% mM sodi um

dependent upon the functionality to be obtained. In general, the low amylose tapioca

10  starch will be used in an amount of from about 1% to about 95%, particularly from
about 5% to about 60%, more particularly in an amount of about 10% to about 40% by
weight of the product. The starch may be added in the same manner as
conventionally used starches, either directly to the composition or by adding a slurry or
sol containing the starch to the composition.

15 The low amylose tapioca starches of the present invention may be used in a
variety of industrial applications, including without limitation paper products, food
products, pharmaceutical and nutritional products, personal care products and other
industrial products, particularly food products.

Paper products is intended to include, without limitation, paper, paperboard,

20  linerboard, corrugating, cardboard, bags, and envelopes.

Pharmaceutical and nutritional products is intended to include pharmaceutical
excipients such as binders, disintegrants, and diluents, tablets including effervescent
tablets, dusting starches and powders, and prebiotics products.

Personal care products is intended to include without limitation deodorants

25 and antiperspirants, hair fixatives including sprays, gels, mousses, lotions and

pomades, soaps and cleansers, makeup including eye shadow, powders,



hydr oxi de was added, m xed and 1 ml of solution was run by the D onex.
Viscosity - Viscosity was neasured using a Visco/anyl o/ graph, Mdel VA-1 A
(C.W Brabender Instrunment Co., Hackensack, NJ, USA 07606). A slurry of 5%
starch on a 10 dry wei ght basis was prepared and controlled to pH 3 using a
citric acid/trisodiumcitrate buffer solution. The total charge wei ght of
460grans was heated from50C to 92C at a rate of 1.5C per mnute. The
slurry was then held at 92C for 30 m nutes. The hot viscosity was neasured
whil e heating the paste in the Visco/anyl o/ graph. 15 Exanple 1 - Chain
Length Distribution The chain length distribution of regular and | ow

anyl ose tapi O%un%étf'aﬁsc '&ﬁ& plEHES, SRHBEIY aﬁg@?rﬂﬂgne@@%né %%ﬁésh@! %re%ﬁ\o"‘“ in

Figures 1 a and can be seen t Igures, the chalin length

di stribution afeshdnesendtmmit@sr. ches are substantially the same. 15
Exant~le 2 - Freeze-Thaw Stability The solution stability of a variety of
starches was det er ftheefdisgiRrRIcdDGE!s intprsled lodpalude wafiast KHBlgR deieropaibl e | bel ow.

Table | - Freeze:thaw bility 5 Base(Mn

J/ Tapi oca4l. 7GM9B 'fide%‘d%ea’ %dfé’db%” Sriheieyt “eﬁgég‘gq@ﬁ 663. 3+0. 32. 57+0. 03
Cor n10. 36Wgxy Cor n43edflod(ied isBrtentBS toliedh hay &itib stebitiRind Inclfed, Qitduto6. SW axy

Ri ce40. 051. 562.03. 75 As can be seen from Table I, | ow anyl ose tapioca

starch has a s‘imj,'fNIOﬁ,iOG@hlﬁ,lbyea{isowétbrem“Pm@HCtgeChP%aﬁncainﬂlai'@U Preesesnreducts tested.
This is indicatiye S si n|f|c

% tth%t eicgctn nes s o rrrmedrso'nmI of Sot nat%k
Exampl e 3 - Vi ©8YIPYSy CHYECESRS ¢ Séﬁg @?6 | ROHRYD EERINIRART 8 i oca
Starches Low Wésﬂ&seplaﬂl%gg RO rruh B Qe @Y, AL8sS, BLdhgHHAdbabded Usi ng
various |evels of propylene oxide (0% 3% 6% and 9% and crosslinked using
phosphor us oxymldlcbmmheedaaaucaas Isecheds abbes® .sBR84) yramigs, riitdtiordsndkiitosynups.n t he art.
The vi scos* ty of the
puddings, custards yogurts, sour creams, pastas, beverages including dairy-based
beverages, glazes, soups, and baby foods.
Further, food product is intended to included those foods which undergo
various processing and storage conditions including, but not limited to, retorting,
aseptically filled packaging, refrigeration, and freezing.
15 The present starches may also be used in chemically and/or yeast leavened
bakery products as an anti-stalent, providing a resultant product with a softer, moister
crumb after baking as well as fresher texture and appearance after a storage period.
The present starches, when used as an anti-stalent, are substituted for from about 3
to about 15% of the total farinaceous content of the dough.
20 The starch is typically added to a food composition by mixing the starch with
water in any suitable proportion depending upon its end-use and the mixture is
cooked as desired. If the starch has been modified so as to be cold-water swellable,
then cooking is unnecessary. Flour or any ground plant products such as grits,

hominy, and meal may be used in place of the starch,

25

10



15 starches were determ ned by Brabender and are reported in Figures 2-5.
As can be seen fromthese figures) as the anount of stabilization is

i ncreased, the onset gelatinization tenperature increases (ie.

Gel atini zation is delayed) and viscosity decreases. This shows that varying
the nodification can allow one skilled in the art to obtain different
properties. 20 16 Exanple 4 - Freeze-thaw Stability The freeze thaw
stability of various starches was determ ned using sols. The starch bases
used were regular corn, waxy corn, regular tapioca, and | ow anyl ose

t api oca. Such starches were tested both in the unnodified (native) and
nodified 5 states. Mdifications vveé)@AMEguct ed using standard net hods
known in the art. The starch bases are represented according to the
following key: C =The@Wuwig c&aMighs GleQrdddntedd¥ mrtM@xNstaRaRd &Yy Corn); 10 T =
regul ar tapioca (Tapioca); and M= 1|ow anyl ose tapioca (LATS). The results
are shown i n Rhgrresenignveltioh end shRedbnet bestalrep poliintiend inangd eagatdAAl are for the
unnodi fied (nati ve% starches. Egsu ts reported for the nodified starches
are represent FELREPIRKS" & CINEeIBI %YM ng key: 15 B = base nodified with
0. 01 % POCIS3 G ool vadlaghiol buidR0hREL S Br base modi fied wi th 9%
PO and 0.01 % POCI 3 = base nodified with 3.9% aceti c anhydride and 0. 9%
adi pi ¢ aceti c Taped= @ty thpiockestadeh commeldiallyseaiablé ramNatleal sgtl t s, the | ow
anyl ose tapioca starches are nore 20 freeze-thaw stable than the other
starches t est et ChyaifghPempany (Bridgewstar. NMhARAKSE abi | ity Under Acid Conditions
Exanpl e 2 s [GREA L BobliiFXEERNL By bRloed B RhRRE A spersion s
prepared using cranberry juf’ce I'n pﬁ ce of "wat er “and-aadi i onal

nmodi fi cati ons.GBSS enzyme in the antisense mode and using FEC freom which cassave

10  plants are regenerated.
Corn = Regular corn starch commercially available from National Starch and
Chemical Company (Bridgewater, NJ, USA)
Waxy corn = Low amylose corn starch commercially available from National
Starch and Chemical Company (Bridgewater, NJ, USA)

15  AMFP = Low amylose potato starch available from Avebe B.A. (Foxho!, The
Netherlands)

Waxy rice starch = Low amylose rice starch commercially available.

The following procedures were used throughout the examples:

20  Solution stability test — The solution stability of the present starches was tested both

by Differential scanning chromatography (DSC) and in starch sols.

a. Differential scanning chromatograpy — The starch sample is scanned from 5°C to

140°C at a heating rate of 10°C/min with water: starch ratio of 2:1. The sample Is
stored at 4.4°C (40°F) for seven (7) days. Retrogradation data is obtained by
25 rescanning the stored samples. Duplicate runs are taken and the average is

reported.

11



25 The results are shown in Figure 7, below. Results reported under "A" are
for the unnodified (native) starches. Results reported for the nodified
starches are represented according to the follow ng key: 17 B = base
nodified with 0.01 % P0OCI3 C = base nodified with 0,02% POCl 3 D = base
nodified with 0.04% POCI 3 E = base nodified with 3.9% aceti c anhydri de and
0. 9% adi pi c acetic m xed anhydride 5 F = base nodified with 3% PO and 0. 02%
POCI 3 G = base nodified with 6% PO and 0.02% POClI 3 H = base nodified with
9% PO and 0.01 % POCI3 | = base nodified with 9% PO and 0.02% POCCI 3 J =
base nodified with 9% PO and 0.04% POCI 3 10 As can be seen fromthe

results, the | OWStam(L‘QSedbégggtﬁ'gdcﬁﬁ%ﬁégvémg{ eqMhe I1‘05r&%e ¥4 mg(hua?q/ost abl et han

the other starchB8 test arm se tapioca
starch having i npfaered 550dtaiéi AN 2% trifRiurd dry adRb ahd me& %tlﬁrdeaﬁWnﬁE tapi oca
starch. 2. A process of nmaking a sol with a native | ow anyl ose tapi oca
starch conpri si nhefhopter hglae@ds'mmbwi!y\gwmerba‘t/&ra/ti@rlhearw@bréeﬂelebtfvemaiwié,heam)unt of

t he tapi oca starch and co gki n Lurry as necessary to produce the sol)
whererh Che sor FUCRAME O BT R erp N BN TEET e TPBRREL haw oycl e
more than & sol P eRaeaeh b fr é‘ﬁaardﬂlf{cﬁal%Oe %lﬁtﬂé@%eﬁé&@(gﬁpﬂwe&pla&g@ﬁ aprocess of
claim?2, wherein the sol is capable of wthstanding at |east three
freeze-thaw cycl eoldmtte s6fFanntidcetld 1ok e@aieetiravbt S0°RatThe etafcapivagaisst arch. 4.
The process of claim2, wherein the sol is capable of wthstanding at | east
four freeze- tha\AP%JSﬁ@I"éDW@a%SWaWeSdO@’M'" %F“é’befrtweﬁﬁ t9inayiag PVLUPRHFS oca st ar ch.
15 5. The processh[‘g‘far ny 9 nq_hé)gamcle arm%en relflr erae réaflror} sai d tapioca starch has
been nodified ch&ii ch 'f Cl f’ 5 'CafT y and wherein the sol
is capable of w t_mg\x,@ﬁgbrgtgre@tabﬁ@ast one freeze t haw cycl e nore than a sol
prepared with a tapioca starch which has been nodified in the sane way and
to the sar® degr ee ThésanPee aprrefigssedot 4.410/(4GRe Toby ok axamine@ wBekiai d st ar ch
bei ng derivatized to contain 20 substituent groups and cross-linked. 7. The
sol produced KA IRad pneresis sWBtn tBhsAMBIRPeeameg PRAIHS cowaler igPregenteigiosi t i on

conpri sing tapiqeausidl P%en%?se'd”{?ef é%}ﬁg@%% |o%§é?§5ds§ib£9st§$f?5“ tuting a |ow

anyl ose tapioca starch conponent | eas ortion of the tapioca
starch in the conpasFiesmnhaw stability

The samples are frozen for 18 hours at -20°F, thawed for 6 hours at 70°F,
15  and then examined for clarity, texture, and syneresis. This cycle is repeated until the
sample is no longer stable. When the sample becomes opaque, loses its gelled
quality, or water is present either on the surface or when pressed, the sample is no

longer considered stable.

20  Amylose content —~Amylose content was determined by potentiometric
titration. Approximately 0.5 g of a starch sample was heated in 10mls of
concentrated calcium chloride (about 30% by weight) to 95°C for 30 minutes.
The sample was cooled to room temperature, diluted with 5 mls of a 2.5%
uranyl acetate solution, mixed well, and centrifuged for 5 minutes at 2000

25 rpm. The sample was then filtered to give a clear solution.

12



25 9. The conposition of claim8, wherein the conposition is selected from
the group consisting of a paper product, a food product, a pharmaceuti cal
product, a nutritional product, and a personal care product. 19 10. A
food product which conprises a native | ow anyl ose tapioca starch and water,
wherein the food product is capable of wthstanding at | east one
freeze-thaw cycle nore than a food product prepared with native tapioca
starch. 11. The food product of claim 10, wherein the starch is
cross-linked. 5 12. The food product of claim 10, wherein the starch is
derivatized to contain substituent groups. 13. The food product of claim 10
wherein the starch is derivatized to contain substjtuent groups and

cross-linked. 14. THE SPE?BBO“H?%'@'GEf"’a?)ci‘eteémﬁ}edc?ﬁlér”?ﬁ”CE'!yéﬂF'Pﬁsa11 "13) wherein the
food product ig, 10 .86L&CHheLqldk A AR I-SHRIFORS WL &hBrgd'%Eﬂ qudiessing, a pie
1 prep, a sadce gravy p puddi g,

filling, a frui , a a syrup, a a custard, a

yogurt, a bevew@gestandargkedn®, Naode dplutiorblle Bachraibythé padshiial Léing A process for
preparing a thickened food product conprising conbining water and an
ef fective anoupietingh elgctpdawitiin Kiteoratpariectesiec ke amoantaketinedegdepty t he

conbi nati on_15 et tgrio[?utce a tt hi ckesnr%g iI 91&% Eor o?djig@te, Tp:her el {10 t he food
product exh? bi 181 {eCHoR PLR ¥BF Prasyredd BrAMHife TPREE P Bduct is capabl e
of wi thstandi ngnalse k@@éﬂc_u@e@b,farsﬁmtﬂbggm. o8 3RliGe WHIT wiEPEgR than a food
prepared with native tapioca starch. 20 .A3h?. A ; ,.A3(Y R A3 ?. AF ?. AF
?. AF R A3l R AR(igZm&PBi(iédink. AF ?. A3( ?. Ala . A3
The amylose contents were checked by gel permeation chromatograph
(GPC). Samples were prepared for analysis by slurrying 4 to 8 mg of starch in 4 g of
10 dimethylsulfoxide (DMSOQ) containing 5SmM sodium nitrate and heating to 100°C for 2
hours. The sample was filtered if necessary, and injected (300p!) into a GPC 150C
chromatograph (Waters Corporation, Amherst, MA). The Gel Permeation
Chromatograph utilized 4 columns (guard column, 10°, 10°, 10% micron (nominal) pore
size columns, all from Polymer Laboratories, Amherst, MA). The mobile phase was
15  dimethyl sulfoxide containing 5 mM of sodium nitrate. The instrument was operated
at a temperature of 80°C and a flow rate of 0.7 ml/minute was used. The columns

were calibrated with pullulén standards (Showa Denko K.K., Japan) ranging In

molecular weight from 5800 to 850,000.

20  Chain length - 20mg of starch was added to 2ml of 90% DMSO (10% water)
and stirred (at 95°C) until dissolved. 7.980 ml of 50mM Acetate Buffer pH 4.8
was added to the vial and stirred. If it appearsd that some of the amylose
precipitated out of solution, the solutioril was briefly boiled until clear., Once
the sample had been completely dissolved, 20ul of pure isocamylase was

25  added. The vial was incubated in a constant temperature bath for 16 hrs at

38°C.

13



A3 ,.A3( .A( .AF( ,.A( .A Ea

~8/ wOCk~yt oj e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca]ca]ca] calca]calca U c”a U c”ta]ca]ca]clLa]cTa! kdnwAl

NLt! s "y(Q+, . /LI T{vgl gb] XSj e] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca

Ul c”a] ca] c™a] ca] c™a] ca] ca] c™a] ca] c”a] ca] c”a] cal c™a U] cMa] ca] ca

U c”a] ca] ca] ca ///B0000?111+2W222K3444457555. 6666S888H; T; [ ;

<zupj e ZU] caV] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] caV] ca! <+?0?7????? @« @@cAAB' C} CCDPDDD2Er EE
FVF[ F&d4L"MaM wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

rN| O
]PE?]QCQIE%]Q;%%%]—%%R%L %%W%@%%‘f%%% @ |ca] ca] ca] cMa] ca]
ca] c”a] ca] c"a] @dnﬁéflcs a&&a] &dlahgl CRbmab&ahe " Hraabr alig” %Lséal ca] ca] caJ ca] calc

a Ucnraljca zzD[[[[8\\
4 7 D~ h"° a&adraraeiecbm'ﬁnhndalb@wow shotyde} Poh] & &loos] @aljopad] ca] ca] ca] ca] caj ¢

2 cal oal cal cal cal salcal coalaal sal calsal e sk el ealaha oo oal oo ca! Cerepe
______ 1 s oget _
| ca] o] ca calca] o) oot %&fﬁﬁ%ﬁéma& R RNR ST gpy calaloal cal cal cal cal ez

] EKi kgkskkkkl l4soyep@oboi-rardnzmrogoeapomoppppOg} wr | gb] Xmhc”Y] 1] ca] ca] ca] ca]
c”a] ca] c™a] ca] ca] caLca calcalc gpcag{lca] caj c"a] cal c”a] ca] ca] ca] ca] ca] c”a]ca]c
na] ca] cMa] ca] ca Ogdhes EYYY 1A wes. {50t P AAUYIIWRArgaRsplution, which was
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&10%&R' ()-s ;Q)%&hl(l )sodium acg@t%&"r(lg gradle]jmy@rs{n) usggd [S<$mown in the table (Pump

D dB 1011 L a1OWaE 0} Do BB ) A TR o ST BT -1 Look (& () 10
10 100% eluent B. All separations were carried out at ambient temperatures with a
flow rate of 1 mi/minute.
Note7: This measurement is made for all chains having a DP of up to 60, i.e.,
15 the percentage area DP shown will be the percent based on the total
area of all chains up to 60. Also, 6 DP is the shortest chain that is
seen.

Pump Gradient for Dionex:

Time | %A | %B

0.0 85 | 15

0.4 85 15
20.0 65 | 35
35.0 50 | 50
50.0 40 { 60
75.0 30 | 70
85.0 25 | 75
87.0 0 | 100
95.0 85 5
105.0 | 85 15

20
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109& ()- 10 10 108s109& ()-32109& ()- 1109& ()-y/ 109%& ()- dzX9mbC 10%
109& ()-!;3 &LOY& ()-139&109%& ()-S!; 39&109%& ()-S! 6839&109%& ()-S!;

39810%& () - SKAWUB+C 10810%&' ()-1\39' 910%) & ()-!\ 39" 910%& ()-! S39' 910%

& ()-!N39' 910%& ()-!N39' 910%& ()- N t!"$a@ 10

1039888 ¢ 2] PE: 0 18R TOREEONET et e Wtsita b
a 10 ml vial; 2 m! of 90% DMSO (dimethyl sulfoxide) (DMSO:water = 9:1,

volume/volume) was added, mixed with a magnetic string bar, and heated in a

boiling water bath for 5 minutes. Then, 7 ml of water was added and mixed.

5  After the mixture was cooled to room temperature, 1 ml of 150 mM sodium

hydroxide was added, mixed and 1 mi of solution was run by the Dionex.

Viscosity - Viscosity was measured using a Visco/amylo/graph, Model VA-1A (C.W.
Brabender Instrument Co., Hackensack, NJ, USA 07606). A slurry of 5% starch on a
10  dry weight basis was prepared and controlied to pH 3 using a citric acid/trisodium
citrate buffer solution. The total charge weight of 460grams was heated from 50°C to
92°C at a rate of 1.5°C per minute. The slurry was then held at 92°C for 30 minutes.

The hot viscosity was measured while heating the paste in the Visco/amylo/graph.

15  Example 1 — Chain Length Distribution

The chain iength distribution of regular and low amylose tapioca starches
were determined and the results are shown in Figures 1a and 1h. As can be seen the

figures, the chain length distribution of these two starches are substantially the same.
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The solution stability of a variety of starches was determined using DSC. The
results are shown in Table [ below.

Table | - Freeze-thaw Stability

5
Base Onset (°C) Peak (°C}) End {°C) AH (J/q)
Tapioca 41.740.4 54,2+0.2 64.2+0.1 5.97+0.17
LATS 39.9+0.8 53.6+0.6 63.310.3 2.57+0.03
Corn 10.36
Waxy Corn 42.1+0.7 54.8+1.14 68.1+1.6 11.42+0.40
AMFP 41.5 62.9 745 6.5
Waxy Rice 40.0 51.5 62.0 3.75
As can be seen from Table 1, low amylose tapioca starch has a significantly
lower AH value than any other starch tested. This is indicative that it is significantly
more solution stable.
10

Example 3 — Viscosity of Stabilized, Crosslinked Low Amylose Tapioca Starches

Low amylose and regular tapioca starches were stabilized using various
levels of propylene oxide (0%, 3%, 6% and 9%) and crosslinked using phosphorus
oxychloride at a level of 0.02%using methods known in the art. The viscosity of these

15  starches were determined by Brabender and are reported in Figures 2-5. As can be
seen from these figures, as the amount of stabilization is increased, the onset
gelatinization temperature increases (ie. Gelatinization is delayed) and viscosity
decreases. This shows that varying the modification can allow one skilled in the art to

obtain different propetties.

20
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starch bases used were regular corn, waxy corn, regular tapioca, and low amylose
tapioca. Such starches were tested both in the unmodified (native) and modified

5  states. Modifications were conducted using standard methods known in the art,

The starch bases are represented according to the following key:
C =regular corn (Corn);
W = waxy corn (Waxy Corn);
10 T =regular tapioca (Tapioca); and
= jow amylose tapioca (LATS).

The results are shown in Figure 6, below. Results reported under “A” are for
the unmodified (native) starches. Results reported for the modified starches are
represented according to the following key:

15 B =base modified with 0.01% POCls
C = base modified with 0.02% POClI;
D = base modified with 9% PO and 0.01% POCl,
E = base modified with 3.9% acetic anhydride and 0.9% adipic acetic mixed anhydride
As can be seen from the results, the low amylose tapioca starches are more

20 freeze-thaw stable than the other starches tested.

Example 4 — Freeze-thaw Stability Under Acid Conditions

Example 2 was repeated with the exception that the siarch dispersion is prepared
using cranberry juice in place of water and additional modifications.

25 The results are shown in Figure 7, below. Results reported under "A” are for
the unmodified (native) starches. Resulis reported for the modified starches are

represented according to the following key:

17



10 4109 ()-!Fl 1&109& ()- /f109%& ()--109% ()-!SF(10% & ()- !F(10% ()-
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108109& () - 3*109%& () - M X3* 10988& () - M 3&L0%& () - ! 3&10%
& ()-! N3&10Y&' () - 2771 ZZZD[ [[MN F: 10%&' () - 10%& () - z10%& () -,
109& ()-s109%& ()-L 109& ()- 10 10[[8\\\~AprdEmV
F: 109 F" 109& ()-t 109 ()-1 @O%& ()-L109%& ()-L109%& ()-: 109& ()- p™"
4 ~ h dEnN
F: 0% 109& ()-, 109& ()-1*' 109 ()-L' 109 ()- %40% ()-$10% ()-h " aaaaalaxm

bC F: 10% 10%& élBas%(r)nogﬁQed with 0.01% POCl,
C = base modified with 0.02% POCI;
D = base modified with 0.04% POCI,
E = base modified with 3.9% acetic anhydride and 0.9% adipic acetic mixed anhydride
5 F =base modified with 3% PO and 0.02% PQCI,
G = base modified with 6% PQ and 0.02% PQCl,
H = base modified with 9% PO and 0.01% POClI;
I = base modified with 9% PO and 0.02% POCI;
J = base modified with 9% PO and 0.04% POCl;
10 As can be seen from the results, the low amylose tapioca starches are more

freeze-thaw stable than the other starches tested.
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20  substituent groups and cross-linked.
7. The sol produced by the process of any one of claims 2-6.
8. A composition comprising tapioca starch, the improvement comprising
substituting a low amylose tapioca starch component for at least a portion of the
tapioca starch in the composition.

25 9. The composition of claim 8, wherein the composition is selected from the
group consisting of a paper product, a food product, a pharmaceutical product, a

nutritional product, and a personal care product.
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substituent groups.

13. The food product of claim 10 whersin the starch is derivatized to contain

substituent groups and cross-linked.

14, The food product of any one of claims 10-13, wherein the food product is
10  selected from the group consisting of a dressing, a pie filling, a fruit prep, a sauce, a

gravy a syrup, a pudding, a custard, a yogurt, a beverage, a glaze, a soup, and a baby

food.

15. A process for preparing a thickened food product comprising combining water

and an effective amount of a starch according to claim 1 and cooking the combination
15  to produce a thickened food product, wherein the food product exhibits solution

stability and wherein the food product is capable of withstanding at least one freeze-

thaw stable cycle more than a food prepared with native tapioca starch.
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