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Di starch Adipates 5 BACKGROUND OF THE | NVENTI ON The present Wﬁ(wmm m“m |||||||||||
relates to | ow anyl ose tapioca distarch adi pates and conposi

‘contai ning such starch. Starch, in general) contains two types ofisspel yners,
anyl ose which is essentially 10 |inear and anyl opectin mhlch i S branched.
Tapi oca starch, obtained fromcassava, has been known for mwmmmﬂmmlm
Regul ar tapioca starch typically has an anyl ose content of ab

wei ght; the bal ance being anylopectin. It has been used in a varigbyoof

i ndustrial applications, including papernmaking, food products,

phar maceuti cal s, and personal care products. It is often used instead of
the nore traditional corn starches for a 15 variety of reasetSE #1988&PG6i ng
| ow protein content and bland flavor relative to corn. To neet the

demandi ng needs of the food industry, starch is often nodified by nunerous
t echni ques known in the rncdlésﬁ. |¥r LG ? gf—) S be |starc aAdl aQar acteristics
fromthat of the unnodi %5% aren: A o l?éﬁ n%l?ﬁ/ &oc% Sarch and its
derivatives ;are adequate for many applications, it would be desirable to
have a tapioca starch which is low 20 in anylose and woul d t hus have

di fferent propesAckesRoOWNT OFweelQvEesONt i n i nproved functionality when used
in industrial applications. Low anyl ose starches are known in the art. Low
anyl ose) or waxy, cofhe prasenbemmntios edlafesrtontamyamyisse stapiora eistaehi atipatesf and
applications. Low an}/I ose rice starch is gaining inportance, particularly
in Asia. Low arfPmps¥iignecentaniag @ick pakls al so been disclosed in 25 WO

cherm oal  reagent thatee8 BISEwHH o B VO BEe Do sraott RE? Ry ahoxy
groups on (e SRR o S SAETAIEHRRAE! aUbe 3nAstctln koA 14y (e

art. This type o ¥ cation cont ranul ar swelling an
produces a st argdankhain foBmBADRARS HeRLIBF @pibsa $thrah tylpeauycnae ah AAli0SaBoritedt 6 at e
hi gh tenperature, high shear and/or acidic conditions. Distarch adipates,
prepared by cr oswli20d3rgbwweightthe eadaradibping amyldbeatiet It basavelay dsadde arvaagient s,
and the nmethods of producing themare also known in the art. The m xed 5
anhydri de reage'ﬁ“é“stﬁ'ébéplé}c@é’ﬂ%s'“8P@%Q1ipép%@?'é'ﬂg |fpﬁ¢<e@%c§ﬂctﬁhaharmaem+ﬂe4'et pRfel y

stabl e under pi_cal ocessi di.tion for exanp

Parent No. 2, achereodatcirafiaR TRgo R uiaiyeedETerore padlont BitRerps Yor o

di spersi on f es begin to
swel |, and ?he |Ié%gfr%?%Rggﬁbﬁrggogbéagﬂggﬁgr@gnq t%}ih% ﬂ? d’é} ét}ée}?(/%)?cgmmm ch is 10
[ rrportant i ninpartingmeat taé abihbriding Bk dihthe kBiim@istry) sGythti€ Glen IOWESEDY:
during the process of cooking native starches, this textural state rapidly
changes to an ehurstrous teqhuilglwrlgnowm fttee indusioh tacthangeethe nethaviora! girasastarieticsriopt ur e.
M nor variations in cookin erature and concentration as well as

shear and pH ar®aisffthe d#‘@ﬁgf'etdoggrf@'? ec"t ?%P@af'%ﬁg‘%"r FRINAN 18y dWpVAK By
acts to st_rengt equ%@ﬁ)& @p%hﬁ)ﬁ‘:%“g’% |¥\ﬁ$JHt9e esC Ie to %%89 a st 81”\8?@'\@ lo are

15 responsi bl e rahul'es inta us-are us

overcone t hg exjhr Sifoss el wdu s ®bvd B@eewﬁrbs‘éat.e%t@ﬁ.&hwgunanwuﬁsn |91p||%a&fj| ing
and processing conditions. Surprisingly, it has now been determned t

adi pi c/ aceti c clupaishalifjeen ussy inimgldstreadpiiqatiosa st ar ches have superi or
process tol erance conpared to simlarly crosslinked regular tapioca
starches as wel | as kiwdrmdgseptaghesakikpdvedn thegal aew amydosgasywaXp cati hag been
starches. SUMVARY OF THE | NVENTI ON The present invention relates to a |ow
anyl ose t api ocaUSedpichamy ¥ree § °hﬂé’8"‘?ﬁ%f’hg°pﬁ?%'<'%’?f adfh PRYISFeNegcBRrFle | 'sagﬂi%ﬁl de

reagents, and CorEBRaSncg Sar?t?cuﬁﬁptnaﬂ\sﬁy nlgawséfﬁylos%tp%{a?o starch has also been disclosed in
25 WO 92/11376.

Starches which are crosslinked by using a bi- or poly-functional chemical reagent

that is able to react with two or more different hydroxyl groups on the same or different

starch molecule are also well known in the art. This type of chemical modification controls



.25 The starch is useful in a wide variety of food, pharmaceutical, and

i ndustrial applications to increase the process tolerance of such
conpositions. -2 BRI EF DESCRI PTI ON OF THE FI GURES Figure 1 depicts the
Telative nol ecul ar weight distribution by GPC of the regular and | ow

anyl ose tapi oca starches. Figure 2 depicts the Brabender viscosity of

di starch adi pates prepared fromb5 regular and | ow anyl ose tapi oca starches,
corn starch and waxy mai ze starch. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
The present invention relates to a | ow anyl ose tapioca starch crosslinked
usi ng m xed adi pic and acetic anhydri de reagents, and conpositions

contai ning such starch. 10 The starch is useful in a wide variety of food,
phar maceut i cal ,gramihr iswelling et atodagspld etatchdhad is prdcessr wiesnt ttha iproeetbat can

t ol erance of such conpositions. Low anyl ose starch, as used herein, is

i ntended to medflertesigtytempesatutey 'BQITS'\ﬁH%‘H/Oh%f‘éd'%‘f?"Q'H%ﬂSose cont ent
substantially | ower an t ca starc parti rly, | ess
Chan anout 10% mor SDAPY PR e PPFELe (et ie MBS RG APt i)

| ess than 15 a S t y be
obt ai ned by thgr 4o ﬁb‘ﬁ‘?"?”e%%“%dﬁﬁ“%’g{”{‘%ﬁﬁﬁ%ﬁ%‘%@‘/&s@* g%gﬁéhg?gp"r{’m

i ncorpor at ed i Manhjchide Nedgett Ysel Yordalh ir@itieesteN IBRages Ghal GRs rdidiivéf sBble nast | on
are | ow anyl ose tapioca starches derived fromlow anyl ose cassava pl ants
whi ch may be fovay typivah@beessng @hitinee Bedipr etasptbcls.8. Ratent tib.AeA a9 Klaldwell,
crossbreedi ng techni ques, or obtained by translocation, inversion,
transformati on GFebay, é?‘r?ér nmet hod of gene or chronosone engineering to

| ud t t f, wh th f th fthi
| nventi on ar o obt ai AURC" N SHHHLE| GHRSrRE O FPIRE GPTHT Bt a7 Bl Gun

fromartificialg 35 giﬂ%&@!ﬂgl VA ratdid I Br%mﬂfde\t/eh@ sSOMR, SRAGHKS FexfAITRASH fs! ON

whi ch may be pro nown st an of nutation breeding i's 25
al so appl i cabl Gmb@r{afht . |mﬂ-ahﬁhg$ab&bmﬂ9fahdﬂhic}(erﬁﬂgﬁﬁsy?steﬁl’sc Mo Yer Perigihe pedcest from
the root of a | ow anyl ose cassava plant. Extraction nay be by any nethod
known in the ardfcookinglnativerstarthes, thiotexiurahstate dapiddy changes tpen elastic ziubizpnt shade inoot
and separating the starch fromthe remaining conponents by water

extraction. TheViid: heSwplsh Qéfr‘f}‘»‘|eéé‘é°t'-tr&pl'vtﬂ9é vafiagipnshin jceokinaotisng, it9mRAPYE ¥

m xed adi pic and acetic anh drlder nts

crosslinking r ea?efeingﬂt'ograé 2F Sﬁ%é\?f’a a'iehsé‘ff'ﬁ'le?tq% E%c?ﬁ}%tﬁnﬁ{ér%t'g? al e

adi pat es usi g AkhETacRRb! SEnGhaY BSFanuEarn AR rRoldgih B0R BRI 002

di starch adi pates fay be prepared reacting starch i'n an aqueous slurry
with an adi pi c/ras@hiible nbrmw;r@rthe'drramdes iheagarat thusTire Usedl fidovaeingl the bxtieh®
resultant starch nmay be adjusted by one skilled in the art to any | evel
necessary for tdeesitiipalthe MOHSYI%WPH\ greguleids hangitng qmdrptqce@ﬁrarcbvgyditionsme range of
up to about 2.5% bound acetyl. The anount of adipic/acetic

anhydride used in th%“’?’&é{@{)ﬁ 8n 3t OvaIbeEn kﬁj@teé{ﬂ'f]%t"?&l a(?ﬂP'C(ﬂ‘f@“CS KTOP?I'E%Pdi % he
art to provide tf ?os% Liogd staPcP‘ueQ Plie}\{gns %Dilo?%roéqug{o 8l &F ?)3%' Kl @ﬁllg) | ess

the resultant s yp| ca unt P87 m Xed' anh e use

than about 1 %cra_Jé%k%QSrét}Lﬁa@%pndc@/yta%ﬁéé Qs SydiaRi é?rﬁ?arl?"c?dsafnﬁéh AQLIRALAS whay e
properties and functionality wh are uni que and desirable i'n many
applicati on® Thaizd sisvclagsy| ose 15 tapi oca distarch adi pates have a peak
viscosity which is higher than that of regular tapioca, corn or waxy maize
starches which have been nodified in the sane manner. Under acid

condi tions, vi sc05|t¥ breakdown is mninmal and occurs slowy after the peak
viscosity is re2dA¥ARY BN 15 INVENHPNat i ve of process toI erance in | ow pH

onset and riso e pollie BPREEMt) Bkiued P srBRE ss Y %?@Feh*ézsﬁ‘?%aﬁér\é are
simlar to thatp,gfy LegHI Al LaRI é?ﬁ?drﬂé $4RLMHE. A &ﬁ{p@ﬁ |o>rlwglﬁgﬁtgﬁfng B8 slaRW

anyl ose distarch adi pates reach peak viscosity qU|c V|5005|ty
profiles arg hi ol stareleisiuEQUSH & WidBBdMEtyl I B8 ! phia@bacaliphl] SralindRBiSal appPRafheseNt |y
di scl osed | ow anyl ose tapioca distarch adi pates may be further nodified to
enhance their pnopasetthegosaas toferance picel ¢cdmpositiamsparti cul ar, the starch

di adi pates 25 may be physically nodified, such as by thermal inhibition
described in WO 95/04082 (published February 9, 1995) or by shear. -4 The
| ow anyl ose tapioca distarch adi pates may al so be pregel atinized. Exenplary
processes for preparing pregelatinized starches are disclosed in U S
4,280,851 (Pitchon, et al.), US. 4,465, 705 (Eastman, et al.), US.
5,037,929 (Raj agopal an), U. S. 5,131,953 (Kasica, et al.), and U S.

5,149, 799 (Rubens). Conventional procedures for pregelatinizing 5 starch
are well known to those skilled in the art and described in such articles
as Chapter XXII- 'Production and Use of Pregelatinized Starch", Starch:

~ .



Mol. 11l - Industrial Aspects, R L. Wistler and E.F. Paschall, Editors,
Academ c Press, New York 1967. The | ow anyl ose tapi oca starch adi pates nmay
be purified by any nmethod known in 10 the art to renove off-flavors and
colors that are native to the starch or created during starch nodification
processes. Purification processes preferred for treating the present
starches are disclosed in U S. Serial No. 07/832,838 filed February 7,
1992, by 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 15 U. S. 5, 187, 272
(Bertalan, et al.). Purification can either be done to the native | ow

anyl ose t api ocaBBIEADESCRIATION OF THEFSGURBEI ng or to the distarch adi pate.
One skilled in the art is capable of using any single or conbination of
nmodi fi cati ons known Figure Hedegiets thenreigtivhemolpeias yteigihhdistrieutie 8y GEG & ttha wular
properties and fur]ctio alit These nodifications are well known in the art

and the resul ti#Yy '¥gp ?Feﬁ?%‘i"?éts’taf"@%s'and functionality 20 will vary
depending, inter ali e i £ ion. | e of
nodi fication, and t h@gLfrg;bc{dlgﬁscﬁ% é{%naﬁa{o?rggr%g .VFS!T%@_; Iog\r/av'sga%! g%{éaq?saé{ég%rg g'iro_%t arch
adi pates of 4 hergligspBiow dMWRIE tBRATUCRE, S3e8tarlch aft WA hidizé sifchl ndust ri al
applications, including without limtation paper products, food products,
pharmaceutical and nutritional products, personal care products and ot her
25 industrial products. Paper products is intended to include, wthout
limtation, papPETAIERBFECRIPdION PhéHBYENTI@Nr rugati ng, cardboard, bags,
and envel opes. -5 Food products is intended to nean any edi bl e product

and includes, withouthd PRIALIVNIN ElatesHp & loy aRyiase RlacaPlash cHseiiniied ¢sing
cheese and I m t%ﬁxbé’%digi@eaﬁgeac&.r OQn‘Hgér%e r&aoeﬁle,,”?n’&tc% fi&tﬁ‘J § ChhERRL' B3 starch.
dressi ngs includi"ng "pourabl e dressi ngs and 'spoonabl e 3reSS|ngg, pi e
fillings ingd udirngsidbiistuséith & vRE Tarleky df ka8 SohatHe6@ial, draGhdetiAGp PR RAUCES
and 5 dairy-based sauces such as cheese sauces, gravies, |n1taflon and lite
Syrups, puddi ngigreassthaprdeess Yorgance sf sustoeompositaes, past as, beverages
i ncl udi ng dai ry-based beverages, glazes, soups and baby food.
Phar maceuti cal and nka%w amyesqatargly 8¢ usadderedn, isniviepdpddo mean actateteor flour which
phar maceuti cal excipients, tablets iqc&ydin%hﬁff rve%cenl tabl ets,

e OWBE BLERSC

, , _dusting
starches and polRfet"@myiasa cque suistagt "esules BRgra &larch Fﬁ”ﬁlﬂ'ﬁ@‘t s is
intended to inc i o LIt At i i nant hai r
fixatives i ncl ulhel spall oo, hftd Ak Rae Hefib R, (A bEE I 80 B 10
cl eansers, pakedRut REhMdbstbyakghshadow, powders, foundations, and bl ushers,
shanpoos and conditioners, and nout hwashes, breath fresheners and
t oot hpastes. 15 O hekow adyisdertagidcaptayctumbys bé sbtainédeindibed nmethodrod ILLG eApplidakiout
limtation detergents, and bi odegradabl e foamed products including
| oosefill, sheeNS%ﬁic@@%ﬁ?@s'.‘equﬂé‘cq’réwtﬁﬁ;ﬂl”6§@‘"?%BY Gteserge-st ar ch adi pat es may

lly b d at jred | |, th bei d th
Ponctional tty to bo ABRIeRER h fe pEGLes W ANRE L R RRog LR e R
t of f 0 : 0 i . 50
Sbout 60%  mor e agede chechid RapBhtn R3ybo BB, Rl okl AARME bRRI AP

wei ght of the peesisededinGXAMIGES, dibtdineh 1y WaRgoRNEHTIHVESioA! LanBloRSRIBh @ ahyD
further illustrate and explain the present 25 invention and should not be

taken as |initi nei metaonyofrgegapiichrofidsope rogindesngiDentialeeradatioas theiegh whewebyght
basis. -6 the properties of the starch of this invention are obtained. 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
25  also applicable herein,

The substantially pure starch may be extracted from the root of a low amylose

cassava plant. Extraction may be by any method known in the art, including but not limited



In the exanpl es bel ow, the tapioca sanples used are as follows: Tapioca =
regul ar tapioca starch comercially available from National Starch and
Chem cal Conpany (Bridgewater, NJ, USA). LATS = | ow anyl ose tapioca
starches genetically produced by introducing the GBSS gene in the antisense
node and using FEC from whi ch cassava plants are regenerated. Corn =

regul ar corn starch comercially available fromcomercially available from
Nat i onal Starch and Chem cal Conpany (Bridgewater, NJ, USA). Waxy = waxy
mai ze starch commercially available from National Starch and Chem cal
Conmpany (Bridgewater, NJ, USA). 10 Exanple 1 -Anyl ose content a. Anyl ose
content was determ ned by potentionetric titration. Approximately 0.5 g of
a starch sanpl gowalgerizipatredostand Seragatiod the stacddrftomathe dencaiting eampohdnty Pydeatérabout
30% by weight) to 95C for 30 m nutes. The sanple was cooled to room
tenperature, dig{i#@8with 15 5 m's of a 2.5% uranyl acetate solution, nixed

wel |, and centrifug for m nutes at 2000.rpm .The sanpl e s then .

(1 terod to give aocihenpivedel i tartiss SR sinkan Pl P St (el ned
pol arinmetri cal | ' ' | L N |l e
Coormal Ty 5o o e fhaborts, U RLBENITRS G o6 Eitiingachoh B4 lon Rhor ) TP

i odi ne sol utsi orfoMRERiRy digtsrek déipdes ikhgRsihe? Mhival stdicreBld Far dlaripleNABNGH Bfissede
with a KCl reference 20 el ectrode. '?he amount of i odi ne needed to reach the
i nfl ection poi nhpiveadistacsadipatbsnaydotprgpass bl caanthgi stedenie an abeoasrs umit withfan

anyl ose was cal cul ated by assumng 1.0 gram of anylose will bind with 200
mligrams of i cAfiiiréacetihmixe@anflygridegpagente Pothonnd atedd pf oo resultant slareh P8y ¥howed
in Table I. Tab | Base starchArnvl ose Conten 9% Tapi 0ca20% ATS2. 7% As
can be. det er i (AASRGHPTATES 1 HA S S5y EORETY i AT S0 Soee o
significantly | ] [ r :

anyl ose cont ent@\%@@%ﬁ%ﬁ?&?@f%&larbg%?ﬁ%é? %’%ﬁ %ﬁ&b%@oﬁ&%ﬁ“?&%&%m
Sanpl es werg priaRad ethybile BB&InyHb SeddVorShby bi¥d BE adjuéted By BBe SfilcatiRitEhart 4 0
of di nmet hyl sul f oxi de (VDI\/SO) cont ai ning 5mM sodiumnitrate and heating to
100C for 2 hourmovidehthesdespéd inhibitiof i dffeer @dgred oheomsinaing), inathd iesyl@ct eterch.
(300p1) into a GPC 150C 10 chromat o%r aph (Waters Corporation, Amherst, M.
The Gel Per neat Tpisalghihe amedY plapked anNyqride dsed iclessthgisabeyiids-d col um, 105,
103, 102 mcron (no 'nalg ﬁ%gg si ze col térms, a}l frg_thoI nmer Labtorat %ri es,
Arherst, M. The moBl% &SBHAE oA RePRYTE AT Tk HRYEDAPYE AroRE S o

sodiumnitrate. e - t ; t t at.ur d a
flow rate of O.f%I%SVA#l&%r{'@n?mﬁsunm@g ) QT eg&%%l ﬁnﬁqgnyme e@a?:g'fsi' b?g%)ﬂeof \%ﬁlﬁ%

pul I ul an 15;5st a@piadatstdréhaigatdopavea ffeal viscobMP@mon is AIGEAr Mganitiht BDb@aaH t@ocwei ght
from 5800 to 850,000. Figure 1 shows the relative nol ecul ar wei ght

di stribution bycadBP@ wHxy traize stagahes whiaih biaviedaerammpdliiasian thepiame anannerr dindsr, acls can
be determned fromthe figure, the | ow awl ose tapioca starch has

si gni fi cant |y neAnaitiong, Vigaosiet reakdews sgRiniiA! anreogsergielony after deapaal iseesyy is

(ol ecul ar wei ght f_about . 6.83.. Furthe this is,the sole nmain . In
Contrast - the. raguea T 8 drsd e pistebenat bigh B WigTo s iRk R O e
relative |og (raggchdf pvB! 9t tneOliscBBQWns& an X8RI f2ak of thENGP ahAbiPRApiRta t he
D starch adi pates "a. 108 grans of low anyl ose tapioca starch was slurried

in 150 granme wadigterchRadpieDarg Bimihotoandt enfegliatitfictaafistaatCadiptiies. [Fdrthdr, thBdow
slurry was then adjusted to 8.0 using a _g 3% NaOH sol ution. The reagent

was m xed in a &eyesealistarth atifatagseash pPeal0YgoRsyAUIckiac Budhcvissasity ardfige asmftighly
0.9%w/wt) of a 1;9 adi ﬁ)i_c: acetic m xed anhydri de based on the wei ght of
the starch. Thi SeSPUsmBMNBRLSHRARPICAIDS to the starch slurry at a

controlled rate duriag WALGHY SR WAUBRS 5R08 LRorRhadiidsSndy BO ket Mo

reacti on was conpl ete.
modified to enhance their properties and functionality. 1n particular, the starch diadipates

25 may be physically modified, such as by thermal inhibition described in WO 95/04082

(published February 9, 1995) or by shear,



5 then adjusted to 6.0 using a dilute HCl solution and the starch was
washed and dried. b. The nethod of Exanple 2a was repeated using tapioca
starch. c. The nmethod of Exanple 2a was repeated using corn starch. d. The
net hod of Exanple 2a was repeated using waxy mai ze starch. 10 Exanple 3-
Viscosity The viscosity of the starches of Exanple 2 were neasured using a
Vi sco/ anyl ol graph, Model VA-1A (C. W Brabender Instrunent Co., Hackensack,
NJ, USA 07606). A slurry of 5% starch on a dry wei ght basis was prepared
and controlled to pH3 using a citric acid/trisodiumcitrate buffer
solution. The total charge wei ght of 460grans 15 was heated from 50C to 92C
at a rate of 1.5C per mnute. The slurry was then held at 92C for 30

m nutes. The hot vi stedew gmyiess tapiers distaechweldiphles menalsmige pragelpiaged Exemplhy

Vi sco/ anyl o/ graph. The results are shown in Figure 2. As can be seen from
Figure 2, the |RSGFeEPAPITBISECRaERA Ef@&e"ﬂi”5?%?‘6%“%&“])9@%03%@ d-SpéaR0.871sE PRy

20 whi ch hawe. bR 0 710 O (TR ghBDnthong oS! bk Bl ohe Erones
viscosity breakgaup, LS, ?ﬂaﬂb (T8, 5306170 RUEs)S! c?%\‘\‘véﬁn&ﬁé &Bm{d%s Pﬁ%keg&]atﬁm‘?z%' ty

is reached. This 1s |n trve of ‘process tolerance in ens.” The
viscosity onsetgtablalkive® khéwne dosOEkileBen 1hevr ARY isxsfoddam bRMartdies ad Chkbter
adipate is simlar to that of regular tapioca distarch adipate, but the | ow
anyl ose di st ar cxXXladPpeiatisn rrebdée @aakgelatisizais$targh'gGiackl Cher@iStry &hd TeChabldgly Ve
claim 1. A low anylose tapioca distarch adi pate. 2, The starch of claim1,
wherei n the sta¥Y@H! hingdusinal é?ﬁfp‘és%‘—d%'ﬁﬁt@h@nd(ﬁ |Rasehall, HEgHorasatensc PregsioNsy

wei ght, 3. The$ ﬁ%} of claim1l ( wherein the starch has an anyl ose
content of |ess ¥hi¥P about 5% by weight. 4. The starch of claim1l, wherein

the starch has an a Aeqé\ﬁ ar%gggeq%ocgfstalrcﬁsa% (g)tﬁggg}a?g? gﬁrlflgc( ‘E}bﬁnyv}ﬁét%#]kno&rq ln5 A

conposi tion conprising the Starch of any

conmposi ti onif &b aktnh SemavaesiGiatork REd COBIRARAt tahd Rative 16 Heestrell of ERBRed B OUp
consi sting of paper products, food products, pharmaceutical products,
nutritional prosarch modqﬁmlsmp@bessas ePpmndloctpsqceskes @refperet Sor tmwmgsthéwresgnt
agents, encapsul ating agents, and bi odegradabl e foamed products. 15 7. A

conposi ti on conﬁ?VP@ﬁSr?ge a%?sew WdEaPerial Ne. W@B?Wd\ﬁé’rﬁﬁﬁtuab’dnﬂ%’% Pyjasica, et

substituting a | ow | ose t qca di st te for at ast a portion
of the star gh i 7t ﬁg%&ﬁﬂ&q ?%wqueaar Y am RS 'Ne&’a CAAONASAN] %ﬁi{hg’a””"?’
A{HIf' 629%W 4

o' 4‘|{Wr rrhc"gﬂ cal %rg elatTlcz:ea<1 fgrarT aIs useful a dcda SCi edl the 1am|l}/ ?aéc.aar]ts(:gfzeg ntéj]té/a] cal
ca] ca] ca] ca]sa] ga Qaiﬁ@ﬂZQBéﬂa%] & af). Platichtiéh can elther be done to the native low amylose
F8Kdk<MB=\ @ xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] eppeedtarel] iy toa:]clsal]nbla]; gra]a M]d@mrc@adhpate
U\ DA B AR VS SUCREES' ' ' ' YLca ca] ca] caV] ca] ca] cal ca] cal ca] ca]
ca] ca] ca] ca] ca] ca] caPeagidiay lf‘a']‘%:%{‘] 'ééTF@Q'F' yng)apusiedls egeeRretanchnediigagionsz) ) ) *

**+f +++$, 2, , , > [ L1 >000003} xsni d, 2 caJc
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varlety o( 1%5&% applications, including without limitation paper products, food
products, pharmaceutical and nutritional products, personal care products and other

25 industrial products.

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

linerboard, corrugating, cardboard, bags, and envelopes.
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Food products is intended to mean any edible product and includes, without
limitation, cereals, breads and bread products, cheese and imitation cheese products,
condiments, confectioneries, dressings including pourable dressings and spoonable
dressings, pie fillings including fruit and cream fillings, sauces, including white sauces and

5  dairy-based sauces such as cheese sauces, gravies, imitation and lite syrups, puddings,
custards, yogurts, sour creams, pastas, beverages including dairy-based beverages,
glazes, soups and baby food.

Pharmaceutical and nutritional products is intended to include pharmaceutical
excipients, tablets including effervescent tablets, dusting starches and powders, and

10  prebiotics products.

Personal care products is intended to include without limitation deodorants and
antiperspirants, hair fixatives including sprays, gels, mousses, lotions and pomades, soaps
and cleansers, makeup including eye shadow, powders, foundations, and blushers,
shampoos and conditioners, and mouthwashes, breath fresheners and toothpastes.

15 Other industrial products is intended to include without limitation detergents, and
biodegradable foamed products including toosefill, sheets and shapes.

The low amylose tapioca distarch adipates may generally be used at any desired
fevel, the amount being dependent upon the functionality to be obtained. In general, the
starch will be used in an amount of from about 1% ta about 95%, particularly from about

20 5% to about 60%, more particularly in an amount of about 10% to about 40% by weight of

the product.

EXAMPLES
The following examples are presented to further illustrate and explain the present
25  invention and should not be taken as limiting in any regard. All percents used are on a

weight/weight basis.
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In the examples below, the tapioca samples used are as follows:
Tapioca = regular tapioca starch commercially available from National Starch and
Chemical Company (Bridgewater, NJ, USA).
LATS = low amylose tapioca starches genetically produced by introducing the GBSS gene
5 inthe antisense mode and using FEC from which cassava plants are regenerated.
Corn = regular corn starch commercially available from commercially available from
National Starch and Chemical Company (Bridgewater, NJ, USA).
Waxy = waxy maize starch commercially available from National Starch and Chemical
Company (Bridgewater, NJ, USA).
10

Example 1 — Amylose content

a. Amylose content was determined by potentiometric titration. Approximately 0.5 g
of a starch sample was heated in 10mlis of concentrated calcium chloride (about 30% by
weight) to 95°C for 30 minutes. The sample was cooled to room temperature, diluted with

15 5 mis of a 2.5% urany! acetate solution, mixed well, and centrifuged for 5 minutes at 2000
rpm. The sample was then filtered to give a clear solution.

The starch concentration was determined polarimetrically using a 1 cm polarimetric cell.

An aliquot of the sample (normally 5 mls) was then directly titrated with a standardized 0.01 N
iodine solution while recording the potential using a platinum electrode with a KC! reference

20  electrode. The amount of iodine needed !o reach the inflection point was measured directly as
bound iodine. The amount of amylose was calculated by assuming 1.0 gram of amylose will bind
with 200 miligrams of iodine.

The results of the potentiometric titration are showed in Table I.



10B 10B!' M 10% U U& ()-! (M 109BUSU& ()-!#M 109%9U0U& ()-! @10% U U& ()-! @
1090JU& ()- 10BB U YI ZI[!\!!zodY: 10BY10% h& ()- 10 U 10 U 10 UY&<10%

U& ()-!9%!10% U U& ()-! @6! 109VUMIE () -! 196! 109%U>U& ()-!" A" " #n##dEJY: 10B
10% h& ()- 10%h& ()-@ 10% h& ()- | 10% h& ()- 10% h& ()- 10%

h& () - ##UBSUCEERAEdY: 10B %4.0% h& ()-$9! 10% h& ()- 10% h& () - &&9! 10%

h& ()- YF10% h& ()- 10% h& ()-&&5' '’ (h(dEdY: 10BsOF10% h& ()- . 10%

h& ()-,L!10% h& ()- + 10%h& ()- S)10% h& ()-' F10%

h& ()-h((),)z)))))dE:/ 10 h 10 hF9<10% h& ()-3 " 9310% h& () - 7GL0%

h& ()-510% h& ()-3 3 10% h& ()- @ 10%h& ()-))*[**+f++xY:/ 10 h 10%

U& ()-,L 10% U& ()-310% U& ()- 10% U& ()- 10%

Table |

Base starch Amylose Content (%)
Tapioca 20%

LATS 2.7%

As can be determined from Table |, the low amylose tapioca starches contain

significantly less amylose than the regular tapioca starches.

b. 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
dimethylsulfoxide (DMSO) containing 5mM sodium nitrate and heating to 100°C for 2
hours. The sample was filtered if necessary, and injected (300ul) into a GPC 150C

10  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 dimsthyl 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 pullulan

15  standards (Showa Denko K.K., Japan) ranging in molecular weight from 5800 to 850,000.
Figure 1 shows the relative molecular weight distribution by GPC of the regular and low
amylose tapioca starches. As can be determined from the figure, the low amylose tapioca
starch has significantly more amylopectin as seen by the peak at a relative log (molecular
weight) of about 6.83. Further, this is the sole main peak. in contrast, the regular starch

20  shows an additional amylose peak at a relative log (molecular weight) of about 6.

Example 2 — Preparation of the Distarch adipates

a. 100 grams of low amylose tapioca starch was slurried in 150 grams water and

brought to a temperature of 27°C. The pH of the slurry was then adjusted to 8.0 using a

-8-
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3% NaOH solution. The reagent was mixed in a separate flask using 3.9%(wt/wt} acetic
anhydride and 0.9%(wt/wt) of a 1:9 adipic:acetic mixed anhydride based on the weight of
the starch. This mixture was then added to the starch slurry at a controlled rate during
which the pH was kept constant at pH 8.0 until the reaction was complete. The pH was

then adjusted to 6.0 using a dilute HCI solution and the starch was washed and dried.

b. The method of Example 2a was repeated using tapioca starch.
C. The method of Example 2a was repeated using corn starch.
d. The method of Example 2a was repeated using waxy maize starch.

Example 3- Viscosity

The viscosity of the starches of Example 2 were 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 dry weight basis was prepared and controlled to pH3
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. The resulits are shown in Figure 2,

As can be seen from Figure 2, the low amylose tapioca distarch adipate has a
peak viscosity which is higher than that of regular tapioca, corn or waxy maize starches
which have been modified in the same manner. Under acid conditions, viscosity
breakdown is minimal and occurs slowly after the peak viscosity is reached. This is
indicative of process tolerance in low pH systems. The viscosity onset and rise to peak of
the low amylose tapioca distarch adipate is similar to that of regular tapioca distarch

adipate, but the low amylose distarch adipates reach peak viscosity quickly.
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10 5. A composition comprising the starch of any one of claims 1-4.

6. The composition of claim 5, wherein the composition is selected from the group
consisting of paper products, food products, pharmaceutical products, nutritional
products, personal care products, detergents, emulsifying agents, encapsulating
agents, and biodegradable foamed products.

15 7. A composition comprising tapioca starch, the improvement comprising substituting a
low amylose tapioca distarch adipate for at least a portion of the starch in the

composition.

-10-



