SAGO- BASED GELLI NG STARCHES The present invention relates to a

pregel atini zed or cold water dispersible, nodified starch and the process
for its'preparation. Mre specifically, the present invention is directed 5
towards a nodi fi ed sago-based starch having i nproved gelling properties
wherein the starch gels “instantaneously' or fast relative to other
gelling starches. Food systens such as pie fillings, puddings and jellies
have a set or gel textureSAGERBASEI)GRILINGESTARGHES of food systens
typically contain gelling agents and nust be cooked to effect gelation.
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cornstarch, ' 148, et o ' b0 . an
gum and xant it oo ryéifch JARAR! S, o Trélclinod GO i BRpl I HRGRE T
pr oduc stardhyandethesprodess fer geprepagtion.oMorei specififally, tisex prepdr? , invemkion G diredtédd
starch_derivativ, ed to a cerfain water fluidity |evel

hat t
wild  fevardys mﬁf@t sgga-égsr%%ﬂe COQ‘XE%R% imperuecesliieg properties Wheseimibe starch gels
deri vatiggcglg‘apéo 5 Br £RPL e t& g@bp éﬁ’?@%gﬁ&gat . 15 Conventi onal

starch- puddi ngs are exenplary o roducts that require cooking
to effect gEbedispstemykedeappiddfiliggs, griddingt layd ijeltibsiHevean sengrepsl ttbitiveesthen
starch, flavor] ng?sj S\I%rf%t edﬁi ng agenis, etc., and are Eéepared for
consunBPEF by;h}f YRS oF o SPIsAlY contala gedling agentssandomustihe gosked to
pourin e ) (=T WAl Lok RAL VI duah - ger yi S

ool i oo SReECTbY REILE gty S P nie R WRAAHoH, It Gora iy,
di $hdvpenting carvagenuin, alginy ahé cambinatidng dtlocwso bamngurh agd ixastak Fuinmimist kidwg gel

texture thereto, gut al,so dtéﬁ to other requjrenents of the food system
For exgwblsam 1, bf ased o Add, lexiire, e preductsy byyimesns @f i itsngelling ergpentéss. wherer |
and typigalle R&EL WY hiEldy ' ?ta t 9 [ a,SQld .

pr oduce gﬁ%g’l ; Theﬂ&gﬂgﬁfggrg%l ﬁg#@iﬂ#ggﬂi a? g{)&;&! °§§s ecr:[%’l ah%&?%\’éyaga’s%‘?&& ii"Efgllt‘g‘u

t ext ur etogede ftor pebwhed caukedoThese Aaclude KorregamyR) derdiativBesfcops, Qs Jas@
dairy Q{ﬁ‘%ﬂﬁﬁnd i nclude pregelatinized (i.e,, cold water dispersible)
starch ‘e or nore setting agents that are usually phosphate salts
(e150., tet CoandkidRAINYAERBARE H&h; et ‘ ' g d
col oring agents. The set or gg)i% p %g%rtieglagﬁoftog’\sigﬁ#ao%g systé‘r%g"l élbr%e e
t o t heto affectageladon. heThesenpuddingshgemphalye irchides am nohgtladinized sstarch, aflgvarigg um
Il on pr vigedqtzé ”t]seqr}l}él k, ,and not ﬁn h the st.arrchgi redients in the 30

f or nul TETSHRNGBFES. He HIL GE BIPARCY AT SPOSUERNOR milka copking il the
bui | degtareh ik @eﬁkiﬂfﬂeﬂ,g{)é\ﬁﬁiﬁ the leobRME ¥fiktard Ind 3 BRN 5rhf§tdﬂﬁdﬂ£'l3 s Ofish Narfa®
devel opnent of the gel structure of the prepared foo system ese
uncookeapling gnd/ar reftigerating.ant ' food fornul ations typically do not have the

fi gel s e c ed fornul ati,ons. For instance,, they dp not
cuétomas cl eaﬁw(é%\na{ ﬁhéa%f: S%E%snF’P%Emgﬂ%{@sr 5 fhspdvaptageonsonot, gply checanse oh the g
snoot heooking tequicdtbtodifipartithe gelaextu theréls, bhfal P&k to other requirements of the food

system. For example, gelatin can be used only efter dissolution in very hot water, and typical

pectins used in jellies require about 65% sugar solids to produce a gel.
There are other known food systems having a set or gel texture that form a gel without
25  cooking. Many of these products are dairy based and include pregelatinized (i.e., cold water
dispersible) starch and one or more setting agents that are usually phosphate salts (e.g.,
tetrasodium pyrophosphate), as well as flavoring, sweetening and coloring agents. The set or gel
properties of these food systems are due to the interaction between the phosphate salts and the
casein and calcium ion provided by the milk, and not with the starch ingredients in the

30  formulation. Here, the pregelatinized starch functions as a viscosity builder or thickening agent.



appearance and "nouth-feel'. Also, the setting salt agents are not
operative at |ow pH or in non- dairy based food systens. Non-dairy based
food systens having a set or gel texture that forma gel w thout cooking
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However, if desired, the potato starch can be converted to specified water fluidity either before

or after the crosslinking step.

25 U.S. Patent No. 4,391,836 discloses instant gelling native tapioca or native potato
starches that are made cold water dispersible by drum drying the native starch, and then heat
treating the drum dried starch to reduce its viscosity to within specified limits, Lightly converted
tapioca or potato starches can be used in place of the native starches.

Typically, gum confections use a fluidity starch or a combination of a high amylose

30 starch and a fluidity starch which are cooked at a moisture content above the final moisture

content of the confectionery, and deposited as a thin, hot liquid into a mold generally formed of



syneresis. Wile such a starch can be useful in confectioneries, it is
undesirable in food 10 fornulations such as pie and creamfillings,

puddi ngs, spreads and imtation jellies. Accordingly, there is a need for
an instant gelling starch that forns strong gels nore rapidly than
presently avail able instant gelling starches. Further, there is a need for
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least 20 grams/force within five hours of preparation at room temperature and under acidic
25  conditions. Once gelled, the dispersion retains its shape when cut,

The present modified starch is useful in any food formulation where it is desired that the
starch gel without further cooking. The present starch is particularly suited for use in pie and
cream fillings, puddings, spreads, jellies, and instant mixes that are reconstituted with water or
milk and allowed to set at room temperature. A food system containing the starch of the present

30  invention will have properties such as texture, appearance, gel structure and flavor that closely

1esemble those of a cooked food formulation.



The present invention also provides a process for preparing a cold water

di spersi.ble, nodified sago starch having gelling properties. 7bis process
i ncl udes converting a sago starch to a viscosity of about 400 Brabender
Units ("BU) to about 1000 BU; inhibiting the sago starch 15 such that the
crosslinked starch has a Brabeader Viscosity Differential ("BVD'), neasured
bet ween about 80* and about 90' C, of from about -35 BVD to about 25 BVD,
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BRIEF DESCRIPTION OF THE DRAWINGS

The manner in which these objectives and other desirable characteristics can be obtained

is explained in the following description and attached drawings in which:
Figure 1 is a graph illustrating the gel strength of various sago-based gels according to
25  the present invention in lemon pie over time,
Figure 2 is a graph illustrating the gel strength of various sago-based gels according to
the present invention wherein the converted sago base has a viscosity of 825 Brabender Units.
Figure 3 is a graph illustrating the gel strength of various sago-based gels according to
the present invention wherein the converted sago base has a viscosity of 710 Brabender Units.
30 Figure 4 is a graph illustrating the gel strength of various sago-based gels according 1o

the present invention wherein the converted sago base has a viscosity of 595 Brabender Units.



products can include blends of sago starch converted by various techni ques
as well  as converted sago starch bl ended with unconverted sago starch.
Commercially, starch is typically converted by acid or enzyne conversion
techniques. In preparing starches converted by acid treatnent, the
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25 In converting starch by enzyme treatment, the granular starch base is slurried in water

and pH adjusted from about 5.6 to about 5.7. A small amount of an enzyme such as a-amylase

(e.g., about 0.02% on the starch) is added to the slury.  The shury is then heated above the

gelatinization point of the starch. When the desired conversion is reached, the shurry is pH
adjusted, ¢.g., with acid, to deactivate the enzyme. The dispersion is held at the pH necessary to
30 deactivate the enzyme for a period of at least 10 minutes. Thereafter the PH may be readjusted

The resulting enzyme converted starch can be jet-cooked to ensure complete solubilization of the



the granular starch. In a preferred enbodi nent, the sago starch is
converted with hydrogen peroxide. 20 Sago starch of the present invention
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starch, In nodifying the starch, it is reacted with any crosslinking
: agent P&apHsl e of forming |inkages between the starch nolecules. Typically

crgsslinkin ' ' : | e, 8 b f ,
OB 0BT o B e B B0 SNBSS
phosph@sd Brabeydd UnikEBUAN 1130 récdighized (e vVRpouy 1§ dieasistahdrethaks Marerial has
crossli nki_lng a%ert]t S su,cﬂ Igs f on- nai_ dehyde, cyapuric , | ...
to change orm, wit at material incredasing in Tesistance as it increases in viscosity,
Viscosity of native and modified starches is measured during controlled heating and cooling.
Starch viscosity is typically given in terms of Brabender Units, which can be measured using a
26  viscograph (such as a Visco-Amylo-Graph® commercially available from C. W. Brabender
Instruments, Inc., South Hackensack, New Jersey). A -standardization kit can be used for
calibrating, which can include a 350 and/or 700 cmg cartridge, a bowl rotational speed of 75 rpm
and & starting temperature of 50°C. Subsequent rate of temperature increase and decrease during
viscosity determination is 1.5°C/min. Accurate and reproducible measurements of viscosity are
30  obtained by determining the torque data from the amylogram, based on the concentration and

quantity of the starch slumry at various predetermined temperatures. Gel temperature is the




chloride, diisocyanates, divinyl slulfone, and the Iike may al so be used if
the product is not to be wused in food. Preferred crosslinking agents are
phosphorus oxychl ori de, epichl orohyd* sodiumtrinetaphosphate (STMP), and
adi pi c-aceti c anhydri de, and nost preferably phosphorus oxychloride. 25
The crasslinking reaction itself is carried out according to standard

pr ocedu ribed, in the.iterature for preparing crosslinked,

gr anul a{rc-ﬁﬁ)se &ﬁ%ﬁgﬁ ’%(%Frﬁfs@gs’bﬁ‘h@ drfreased E’V 70| Blde Pepkempeeatern s thedemperature

2, 328, S Aol the \3Ebsity feackds fe@k! VS Chi ondi tions enpl oyed
will vary with the %pe ofsﬁgr 0SS f'nﬁ%gﬁgcgg{ﬁf {sﬁg%gpoagéﬁ%qﬂ}‘ ISFRPHRIIIG: y e of

starch base, Thbasegnaterialrean beahedified chendibally aaisr siléﬂ‘l)\"ﬁﬁﬂ%%ésmhéslr lﬁﬂjt |ng

t he crosi}h%i g.gl %&% can be carried out in an 30 agueous
preferr® had® %@Féﬁ“ be ta therhasear the cpaveztedangb stachstheuglt typicalty the
profer ablifoaibPNREY AiShII Bl aLiohhe crosslinking agent. 7 The

crosslinking reaction is generally carried out at a tenperature of about 50

to about 60Cheraicall pmetifedistarcies indtodd, wiHOut BmARMH crb3Finkts glaﬂ:fh]cT..acetylate&
swe

t enper at ur es aboﬁ\jﬁ' about. 60C is wundesirable, since lg1r anul e ing”an
|

filtrat?on UBEPE t‘?sé‘g‘_f g‘éﬂ"é}tqsﬂi bydrosvsthyfatedeand a ydroxypropylated| tstarches,
e o o ) ST B A el e gl o

until it is 5 pregelatinfiz

cross| iSwNEheg, anfbsuccinatt smhparsdtudesuctine, daaRdtives dfgpisR |S¥|c1?-l&ma§%(gﬁgn§ Se
abqlldt hours, After con‘gl etion of the crosslinking reaction, the reaction
mi Xtur e PSR tgﬁja'f}s B FXAGPiG &1 %@{%@&mm&mmmm WsEs|Clipt cHI0Dpp.

aci d or41bpEE EaSWIRSRS - a uct can be recovered by
filtration and mshedé’g%cﬁ%’dﬁ%? ?@ﬁ%é%@i‘gel atinization. However, this
10 washi ng dthapically noodified e starohys,f atchp Wsp aiseemalle " BihibitedN Sabdhes Cﬁ%ﬁﬁ%&“ﬁﬁd
productIn an«pe Pr@?ﬁ%at I‘g)ﬁf%g directly without isolation thereof. e
anount Braengeal Fiy °Qg 199852 mpy alse)i e suitableo dorc isth dieieiy  t Plsysically
char actmesdifiéd e@rchdehicnsiso e t¥ij di.pg. on,  for, exanpl e, .the
degree of conversion of tﬁéﬁcgrtyﬁbél?ﬁgﬁxfﬁg&gfgtad'?léegfe’i"a‘f’ﬁﬁb%‘i"?&ha higher
err%ﬁoy@ﬂ?l’%@ Qf;/wlesc-c_r ossl i nki ng agent used, the concentration of the 15

crosslinkin the tion conditions, and the necessity for having a
crossl i nkedq)sn?tgfa@?y pﬁa’fmdﬁ%ﬁl gargh (15,2 crasslinked stagch. r Imgeodifying: the sstaroli itgs as

det er niresetbdoyith tafly \¢rdscipmdihgy aghiRlc ?t(r)?ﬁfdrﬁx?nsq ﬁri]\%gﬁs; EE‘Z}%"'@%{? t]lygﬁérgﬁ tr@orlgcrv&ésl.

recognize that it_is not the anount Cros

react i GPIFaLY erosshinking eagentyi switsble hiserginogre r tho s apirotvdie féri o irp'f&ﬂidﬁEuchbHé
rat her at4d r nt .t hat.,actually reacts with the starch, as
measur 8*"%5"% ﬂ@ B‘r"’agﬁé'ﬁ egl%gr;%%%léci F?‘gsz.‘“t'@gﬂﬁ%; acFRicing Phpspharus ofxychloside,i mid ng

agédt scleblef metapbasphiten VWOiNer §AHRH AdrbysvRT u 0,about .
0. 07% blélﬁ\r’\lﬁjf i, dependj.ng on the water flnﬁi %ﬁe%g‘ g'pﬂt %Se?%rgéﬂiﬁzeh?derhcgaﬂ%t

range & ISREHFERESs: Brinyhwligne porabs like may atsofreased 5 thy PRoduk 08 19f to be

crossl h&dg i fagent c |t in a larger or smal|er anmount enployed.
However, in all ca%ﬂg?{éﬁe&gﬁ{)un Bo e Pﬂ%r’hamag@mc » |§pichlorohydrin,

sodium trimetaphosphate (STMP), and adipic-acetic anhydride, and most preferably phosphorus
oxXychloride.

25 The crosslinking reaction itself is carried out according to standard procedures described

in the literature for preparing crosslinked, granular starches. Examples of such art include U.S.
Patent Nos. 2,328,537 and 2,801,242, Of course, the exact reaction conditions employed wil

vary with the type of crosslinking agent used, as well as the type of starch base, the reaction

scale, etc. The reaction between the starch and the crosslinking agent can be carried out in an
agueous medium. In this preferred method, the starch is slurried in water and adjusted to the
proper pH, followed by addition of the crosslinking agent.

30




| east 0-005% by wei ght. 25 Since the starch can have various degrees of
conversion as neasured by its Brabender viscosity, each conversion |evel
will yield a different viscosity with the same anmount of crosslinking.
Thus, the specific Brabender viscosity values required in order to produce
a nodified starch that forns a gel under the conditions prescribed herein

are highly depen Ay ion. Lt is therefore not
possible to set gfr%aben 2r agg?lg%%%(rérsﬂl%h% e\ﬂ%‘ﬁ agél ERPEIIfe é’glﬁg%‘nt% tg| about
st ar che80%, tandrprefecable gtinbeut 2000t abo8695 ﬂ-abﬁqurteﬁﬂéﬂahﬁ@s”mﬂﬁwgﬂﬁupﬁfc is

I C STn a

correl a#mon. %ﬁt ween Br a@endeb_ viscosity and gel strength resu
starch Navrny rHaRs ZARKe speding andniretien diffiedties or gelatirnmionyofakp sasdi a6

t he regusdledh t sgli ' terns of the paraneter defined .

bel ow, cal egi%l?ﬁaeﬁBr ;ﬁou_gﬁlgfe?rﬁ\}lbs%egglg?]{:/ qﬂatf ﬁ%cr gﬁ{oﬁ‘-afet'fm%ﬁﬁf)ﬁ?fo@mpuﬁ%ﬁe§

her & n: Progdginized30R¥a@n tifde Svill waie depend¥RpSom i é@g‘lﬁkﬁg%gé}%b%\%; gture
y. e ) IchIs

viscosities af. the stafch at 95 and 80C, respective
expr essed %déb?é%ﬁé{ 0Wh{}-4 to abeyl IHbowrs.posi ti ve or negative val ue,

dependi ng onARbetiahlet; r : [ve continues to rise (a positive BVD,
i ndi cating a hi gherﬁleflg\%’ﬁ %%ﬁ?rglﬁﬁg &rﬁcﬁo%ré’ﬁd'&cnfﬁ_r%ﬂ‘&l‘reds ghledisigd dp ops
(a negaiFyesnByDUL § aud aliti6s asihpuesmhitekid &fbasal Pécus%l@?.-gfe%eﬁﬂ% rogut
Brabendcer Pk Vra%gg' 8_.& about 400 tqo about 850, the Brabender®Visc S|fly 10
Di fferential ot ¥ MFIaetnd wedisd |and idsied irior ¢ prgelaviaizption. 0 aTbwever, Okl

abaot w3l 8fepUis 0 Sgr.e % solids.using a.350 cmg cartridge.
A practit i]g%er \?\A |l nﬁﬁglg%csst a dH{rh trﬁzﬁ%% ﬁ%fﬁp, C?Pdtﬁ’@ g’&ﬁﬂ@e%ﬁfﬁgwft% be

above- hEsgclatinied@irctlnmithowtiibdlathm thpeofibl e for starches having val ues
within the ghven Brabender. Unit range. The appropriate DVD nust be
separatel y g%‘éet%?ﬁ“nigg cfoéfh’éié%“ﬁnéﬁm}' thEtve arptodwnt having the characteristics
pr egel defined’ héreRNwill V49 Hep&inh i;,L1..be 15 described herein bel ow.
Any starch or starch b entls ha%&?igwsg%"%#’ethf)?%gfP?@gmfeﬁﬁm%g S’ﬁeﬁt‘ﬂ'ﬂh theyy
be” pur FYREGRf Pregslatinizationeoployed, tibitppe afvrosslidlking GaértMed the SRMERREHRR ofie 2NY
”eﬁg‘Odc{‘dleixi.}gaIcﬁ? tﬁé}eto renove starch off Tlavors, odors, or colors
that are nati 0t her QAP FPISH UGS cadehe aesessity for beving ampsslitiedtsedvéethat
puri f i €allsi withipracspecifies rirpe df'c€RSHRGn %n?z{ isclosed.in the fam |y of
pat ent .ﬁo r.ep}rlesentﬁlg iﬁ}rE.urcopee}n F%%%?l‘fq : @&ﬂ'ﬁig.‘;oﬂykﬁ’ﬂa‘%&éﬂ?% ne
t echni E‘f} gd dp ghe, pR Wil ecognian that deiscnotbthd amouhhef fcpixblinkify aPék &aHed to the
repr esgikgsh ¥ . .4.477,480 and 5,187,272. " Preferably, the
starch i s al ngsll:i \%aaé %ﬁfﬁ&hcﬁ% Pé?ﬂ?&i‘qsn‘éfog’ﬁrgw RE@HCt Wyt rTeshier] dhes ambumtsof
sodi unTeapgntrtbati abtualllyresNe ivitht te Sta¥@s Ak Rk frer.abl rs before..
/or.crosslinking of the staggrgrl\)? tgg%%%ﬁélro\ggqqsﬁw@d,sml, the

cogyver %liaon a : X
cofier PRV R FretsLiriine fgenti yred forreattionswilp geraudllyi viag R0 WBoWtLE0 1% Q0 about
0.07% by weight, depending on the water fluidity of the starch. The exact range can also depend

on the pregelatinization process. The type of crosslinking agent used can result in a larger or
smaller amount employed. However,

least 0.005% by weight.

in all cases the amount of crosslinking agent must be at

25 Since the starch can have various degrees of conversion as measured by its Brabender

viscosity, each conversion level will yield a different viscosity with the
crosslinking. Thus,

same amount of
the specific Brabender viscosity values required in order to produce a

modified starch that forms a gel under the conditions prescribed herein are highly dependent on
the degree of conversion. It is therefore not possible to set Brabender parameters that will be

applicable to all starches within the required 400 to 850 Brabender Unit range. The best
correlation between

30

Brabender viscosity and gel strength which results in a starch having the

-8.



prcgel atinized to becone col d-water dispersible. Various techni qgues known
in the art, including drumdrying, spray drying, extrusion or jet cooking
can pre gel atinize these starches. Exenplary processes for preparing
pregel atinized starches are disclosed in U S. Patent Nos. 1,516, 512;

1,901, 109; 2, 314,459; 2,582,198; 2,805,966; 2,919, 214; 2,940, 876;

3,086, 890; 3,133,836; 9 3,137,592; 3,234,046, 3,607,394, 3,630,775,,

4. 280, Bdified mi6Bnwo2el Sromth 99 omds by 3xpassing Ahrireqsired ampont oberesdinkingin t he

pregel atinization is a l.i shed hergi n, by Usi S Uj . qr y

R oo e eriien T HRR e B ale: fieairce Yol Ry Dol AUPY B
level QfpsROHEref% Or 5 Iess. The starch slurry is typically fed onto the
drum or druns through a perforated pipe_or oscillating armfroma tank or
vat provided with an agitator and[¥’,#&dr. The viscosity and crosslinking
| evel s specified above are interdependents10But they also vary to sone
degree with the drum dryer enpl oygd? It shas been found that

pregel atini zation techniques that produce higher shear require that the

h h hi gh I | _of | i nki 10 obt ai .
e ol B o0 S0 PR Sitaer B b e 21 35 b B RS any
one IRRPBYD, Wiich RORAEA% PabedR Wi URaf Ve bNoRIRDEE teBa ville,
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pr egel ¢dpending bh ovhethEn thecBrabender ourve tontinmies teamise(a plositive BVIR, isdigetiig 2 bigherul e

t trol the si f th | trol t . of |
ol cadktel oI oF o8t RHRIRG: PRk AR AGFERY gy Po b PUPE A 94
| ncr eagEsnibRjInS! frap_ﬂrﬁ@mwﬁeﬂmﬁ AR dfQbSItemDitd Gbdit §30ERRUBerY ViXgosity

pregel atinization_ us, pregelatinization techniques wth higher shear
posi bDifferenttil tof tHe soupertedh sragslinket extarchy maygvamt moadyt from, 2boubedtte mgovfor e

I f .. Thi I d I is.d '
curt e B Brastinl Tipsdiaated 350 RRE SoRRs. PR pracho i L belertiind Bt pet,
dr um dgjybPghe $fudd @Hthint the 2BoveARMished BVDPRASE Wil 3R GHiskdlk f6d stieliedhavirg,

however, the starch I's nore highly crosslinked, it will resist this
di srupvaless withirc ghe igivenBrabendes Jfnit [rgngsy e Jke azrprepiriatel IMP nepusti bh sepasatelyr

ot ool S e 1o 288 RESNPRCHE AR Pe e iplastFh aR(EREEhRRYs, ol by

then  @asbNeed eeeintbelow. powder. Al ternatively, the product may be reduced to
fl ake form depending on_  the particular end-use, although the powdered

formis prefBystach ppstascinblends baving sejtablshpropeniss forcpseakerainpmgy beipurified,

gri ndeg; )| : . A i '

ol ver Fgftk SERFETRE sy HRHIRAIASE e RiE By oAb EIquB i Whe U to emove
oper at itachi off dlavelsdoderseor celosprhat atel wativt ao ahe thadth docrated dyeingvprecessing.

di spersed in an_aqueous sol utjion such as water Qr dairy. T e,&e)]to rm nation

of gel Syl PRBACHIRD PrRCcHERJOF diratAE Starghes argdisdsen i theg PRy
S SISO MR, X9 LR Al M G i
cohesi desndbad of theofmmilyl of pateys aepresenjed by fl.8.0Patpentr Nos e477,480 and 5,187,272,
Preferably, the starch is alkali washed with an alkaline earth-metal hydroxide such as sodium
hydrexide. Further, this washing preferably occurs before conversion and/or crosslinking of the
. starch.

25 The crosslinked, converted sago starch obtained by the steps outlined above must be
pregelartinized to become cold-water dispersible. Various {echniques known in the art, including
drum drying, spray drying, extrusion or jet cooking can prepclatinize these starches. Exemplary
processes for preparing pregelatinized starches are disclosed in U.S. Patent Nos, 1,516,512;

1,901,109; 2,314,459; 2,582,198; 2,805,966, 2,919214; 2.940,876; 3,086,890; 3,133 836;




herein, the present nodified starch nust forma gel having a gel strength
(as defined herein) of at -10 |east about 20 grans, preferably at |east
about 30 grans, and nost preferably at |east about 45 grans within five
hours of preparation. Preferably, the nodified sago starch of the present

i nvention forns a gel in a food system when provided in an anmount of about
6% solids content. The resultant nodified sago starch has a faster gelation
rate tBAR7.682pa2ak046;s3,60T,R84% 3,637 ED 280,850 mh 4ASHHDZ; 1503692816130 9580aml  As
iIIustr%%?én Figure 6, the resultant nodified sago starch forns gels

faster,5 al |y about 100% faster, nore particularly 300% faster, than

conpar abl e ﬂa&sﬁx%,suge : 18k AR i@tat?&fTﬂ?sﬁ&P hé&%g@s%apsu@fea' ac gsed

gel rate may all ow ed starch level's 1 n pro e stil chf evi ng
t he debavinglagaiglsdnengt doubld dnexgt tnatdridsathe staxdintel emoisturpievel df abmnpatadn e

gel_streng and texture, general at .l east 30% nore, 10 parficularly at
et 5896 M cHarr Shiais DALY 151 40| 8 SFam oRTHGS dHSHER o EBPIPE or
cor nst mtm\ﬁgat%umgqaﬂ&mtgr%gged;l;hgltm X it%{ﬁ?gn&;gg&mstarch gels tend to be

cuttable In re, as opposed to el asti cuttable nature is
desi rabl e i Therasgogtydand eroagipikingakeveln specifiehalasvei are fimterdepéndienty duttiey aldohe -

ttabilit i d f d th 5 | t ant dified,
ot ar o hERY b BFR $6EFeR YEb B AR (YT RRIPYY plt OIS HeFR 0N b ProseEretRs i s
L mi t eglehrfifBesSthat f1B@SceaiShed SHEK M dulre SRITRRY ARLH h&@ea%ig@g} JeSl1 Jf@?d“ssl"iﬂéc?% foed

tapi oca starches with réspect to low pH  shear, nperature t ance.
Fot0 exebtpinghe presensnaédifiedhstarchowith itsgedling mivpertico  Biileinogbding limited to amome

[ havi f 3. , .th dified
Loy oS iR ooy B BE SMabe ok e Breris sl tne bogbls herThnase aripted Rahe
ot her e seesti iﬂ;ﬁeselsuassg%cg%}a@imzaﬁomdm& —@&lvteémnosau% Hardhelrerd BBl btaRdl

sago starches nay also be used to replace gelatin, casein, pectin, agar,
gum agrabile to contralttheisizo yf the amydose pndtetomsrol trecinvmut af amylebd iebgselyand gech

T | t.ant luidity starch f i et
of | nSEnTRie, 5 4 BRI Em iRt rsleats. Motiests SR G5ahe Grmbles dp hearing Y
preeluchiakdyvad Rsapt prégéiatmpalionut m@,u?}c%@iaﬁnizﬂ?&?rtéchﬁﬁu@%ﬂﬂ higher shear

agricultural products, and paints, particularly in those applications where
| ow vi BRsSEHNY {Fndite disruns the erapulssitaia greajsr oxiedie likeiating mont andylost at « faster rate.

di sper si.Qn _w a o] nar kabl | 8COSI Y. _lndustrial | i cations
I n whi ‘ghﬂdé%{g#%sggda% cgn{l/s:rc?eggs%@alr%@hége agr/dgé%%r ?f cﬁfafg'?ﬁ“ﬁe?ﬁ'ggé)e&wg
requi r pdgelathhinatiorp@nel anddripg dambdsyicg)rentber tcdh eeadilyeredRpatba ot adddd to
gypsum boai construction, and textile warp sizing. 30 Food

1cd for dry wall i ext ] p )
ehowgy stagrdiis mase higblesrassdinkedriy will resistibissdistyption andwan be

pr oductatef-e
| i 1 el . " . M . 1
clu‘?[ ;‘raglsct:&gir’]uéﬁﬁ}ggé}&%rr t [‘?fg@ @g@%—%gaﬁﬁsﬁ&s%mo%?gg'aﬁ‘%rsep aedlh 68 1Ispg%ﬂglgngs

properties,

After pregelatinization, the starch product is removed from the apparatus and then
pulverized to a powder. Alternatively, the product may be reduced to flake form, depending on
the particular end-use, although the powdered form is preferred. Any conventional equipment

25  such as a Fitz mill, grinder or hammer mill may be used to effect suitable flaking or pulverizing.

The final product obtained from the pregelatinization operation is a cold-water
dispersible starch that forms a gel when dispersed in an aqueous solution such as water or dairy.
The determination of gel formation and the measurement of gel strength are accomplished by
subjective evaluation and by texture analyzer readings. These two methods of measurement are

30 not always consistent (due in part to the cohesiveness of some of the products), but for purposes

herein, the present modified starch must form a gel having a gel strength (as defined herein) of at

- 10 -
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pie fillings, imtation cheese and cheese products, spreads such as

mar gari ne, toppings, icings, imtation fish, poultry or neat, starch
bal|s, yogurts, gelled desserts, jellies, and egg products. The nodified
sago starch nmay be used in any anobunt necessary to achieve the
characteristics desired for the particular end use application. In general,

the starch,is used in a unt of | east about 4% particul arly at
| east KABAPORLAY BETS, B ‘ETPE'G(I %ﬁwt a*eoqtggﬁmrab Mgt prafqyrq%bi #rieash RbeRAS

Dy ol T oS, 9 PRa e et | refBbly, B biogi MR, SEh A The ey 12

i ndi cahwdnuoﬂfenﬁmhlgel\/mmgoadayﬁrﬂmwhan proﬂiﬂeﬁ&ﬂﬁhﬁﬂwﬁ@t dfbbied% isblidiSdohhe and
expl ain the %gﬁ |nv nti.on andcilhould not be taken as 10 limting in any
r egar d. Al Tg%r et medified saegy starch hasi 2 fastiRegeipionyatsi an rampagbleosiashes

yt
chara lgﬁrz %g%kg’?{érb s%?%ﬁ%%%ﬁsﬁﬂl%ﬁig @rﬁ@eng{%ﬁhgéﬁ%heifmﬁsi ng
a Textmehﬁfmarhs egelsl Fastar] tygicallygabounal)ONe fauerednorsi pagticulidK (3008, isddry Agdn

nodel TA-XT2 cially _available from Stable Mcro Systens, Surrey,
Uni t edqmpazeR %H{?&@Mﬁﬂ&f he, hasps sBehsas carpy a'hmvmrsasvd)ashrm aigy allow

dei oni x%ﬂgcéﬁegtﬁ{:h &em}la%gd cRewAlfS Eﬁl?q t@ﬂﬁ? h irlac??clsénaeﬁﬁﬂ utrf:%%rﬁ P&

slurry was cooked in a I ng wat er m nu 1TTing
t 0 keegxanipde,stamprdvids usppachbit (gel Htrengthcktﬁhecktm&nctchmrly carv asid 3004 Rigusé,

SH U £ oty S-S0, AR e oy B o o O o el o
The j a@oﬁlgr@@@&%ce&gegel ow a 5-nmm probe and the test run using the follow ng
paraneters: 26 30 Mode: Force/ Cornpression Option: Return to start
Pr e- speed: 'Sh@mmﬂfmdcsag&swch g€ls Sendntbsheecuttiablet in sarel. asSofpossd weelastico Thi:
VA D ShiBfhudt & dBlrable"S mihy e 456 applications. such W5 pic Allings mhere e 0
cottability provides form and smoothness
15 - The resultant modified sago starches generally have good water holding properties in that
syneresis is limited, The starches are generally comparable to or better than modified tapioca
starches with respect to low pH, shear, and temperature tolerance. For example, in conditions
most unfavorable to gelling (here, at room temperature in an acid system having a pH of 3.1), the
modified sago starches of the present invention forn stronger gels more rapidly than other
20  modified starches such as modified tapioca starches.
Modified sago starches may also be used to replace gelatin, casein, pectin, agar, gum
arabic, isolated soy or meat proteins, and certain gelling gums such as carageenan,
The resultant sago fluidity starches are uscful in 2 variety of industrial applications
including food products, personal care products, pharmaceuticals and nutraceuticals, paper-
25  making, agricultural products, and paints, particularly in those applications where low-viscosity
starches are needed to provide a high-solids sterch dispersion with a pumpable and workable
viscosity. Industrial applications in which degraded or converted starches are particularly
desirable or required include paper and paperboard manufacture, the manufacture of gypsum
board for dry wall construction, and textile warp sizing.
30 Food products refer to both foods and beverages. This includes, but is not limited to,

confectioneries such as starch gum candies, noodles, puddings, custards, and flan, fillings such as




_Probe: P50 12.7 mm (1/2in) dianeter, Plastic Cylinder 5 B. Measurenent of
Vi scosity by Brabender Evaluation Viscosity is neasured using a Mcro

Vi sco- Anyl o- G aph' (available fromC W Brabendere Instrunents, Inc.,
Sout h Hackensack, New Jersey), 35.4 g (anhydrous basis) of converted,
crosslinked starch is slurried in enough distilled water to bring the t ot al
wei ght to 500 g and then added to the Brabendera' Visco-Anylo-Ga bow .
The sprys illings, Usditatios chegsecingt cheesaquodusts, SpEads il as AW ERAnR RRBg, AOPRIRES) gsf rom

50 95C h f 1.
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t he p %o 2.5 and 5 g of sodiumchlorite was added. After hol di ng for two
hour s, the: pH 30 of the slurry was adjusted to 4.0. Sufficient sodium
metabi sul fite was added to neutralize any renmaining oxidant. -13 The
terrperature was al | owed to dr.op t.0 42C The aI kalinity was then raised to
bet weeh. GebSueagth Measwgment LUshp aJEXIIC ADBRLRT ) |y 5| owly adding a 3%
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n
st ar chsuspended wetil thickenedvend thanocaGehithoubstingg QY gienghy analysis was
20  performed on gel formed from the starch sample in a 4-0z (118-ml) jar at room temperature and

a pH of 7. The jar is centered below a S-mm probe and the test run using the following

parameters:
Mode: Force/Compression
Option: Return to start

25 Pre-speed: 5.0 mm/sec
Speed: 0.5 mm/sec
Post-speed: 5.0 mm/sec
Force: N/A
Distance: 15.0 mm

30 Time: N/A
Count: N/A




0.020% POC13 (0.4 g) was added to the starch slurry and reacted for 0.5
hour in.order to 10 crosslink the starch. The pH of the starch slurry was
then adjusted to 5.5 by addition of hydrochloric acid. The starch product
was recovered by filtration, washed twice with water and air-dried.
EXAMPLE I T 15 This exanple illustrates a nmethod of preparation of a variety
of bl eached, converted sago starches (all bleached in the manner of
Exanpl e 1) havi fggeerP88Nr ange of viscosities as well as being crosslinked
with a wde ran?ﬁ ﬁ&xﬁ 3 treatment levels, As further exanples wll show,
t he Brabender o § opti mum crosslinked sago base (prior to

pregel atini zati probeVP50 102V 21/205 Ginafitet] Blagsd Cylinder 500 BU or hi gher and a
BVD (' Brabender Viscosity Differential') of less 20 than 5. Table Z

| NTERVEDI ATE PEAK BRABENDER VI SCOSI TY ANALYSI S VI SCOSI TY 2JVi scosity
(BUPegk ‘ : BVD 171.0100098¢ -20. 408 710950940790700- 15 957
30° 17 asuEe ey SO DY 85880345, - 26. 496

5505905754§9248n2 s 5:5943514% MBSR mwmgﬁ;z@mpﬁm&w%wmmmz
430470460340_1265-26. 087 430420-19. 048 8256253. 306 82539014. 706 .
82536B1abeods® dagpungents,olne., Soudy Hagosswk, New dasey). 354 g (anhydrous basis) of

converted, crosslinked starch is slurried in enough distilied water to bring the total weight to 500

g and then added to the Brabender® Visco»Amylo—Graph“b bowl. The starch slurry is rapidly

10  heated to 50°C and then heated further from 50° to 95°C at a heating rate of 1.5°C per minute.
The viscosity readings are recorded at 80°C, 95°C, and again at 95°C after a 20-minute hold at
95°C (*95°C+20°).

C. Lemon Pie Filling Gel Evaluation
15 . A total of 6.0g of converted, cross-linked pregelatinized starch, 24.6 g sugar, 0.62 g

dextrose, 0.19 g sodium citrate and 0.19 g citric acid are dry-mixed by shaking in a 4-0z. (118-
ml) jar. This dry mixture is slowly added to a solution of 55.5g distilled water and 12.91g lemon
juice over the course of one minute and mixed in a Sunbeam® Mixmaster® Kitchen Master at
speed #1 for a period of 4 minutes.

20 The resulting mixture is then poured into 4-o0z (118-ml) jars, allowing for a headspace of
approximately 5 mnm and placed in a refrigerator at 15°C for 7 hours. Alternatively, the mixture

is held at room temperature for various periods of time.

EXAMPLEI
25 This example illusirates a procedure for bleaching and converting sago starch to a
required Brabender viscosity, then crosslinking the starch with phosphorus oxychlaride, -

A slurry was prepared by suspending 2000g of sago starch in 3000 m! of tap water. The
temperature of this shury was adjusted to 45°C in a hot water bath. Hydrochloric acid was used
to adjust the pH to 2.5 and 5§ g of sodium chlorite was added. After holding for two hours, the pH

30  of the slurry was adjusted to 4.0. Sufficient sodium metabisulfite was added to neutralize any

remaining oxidant.
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EXAMPLE It
1% This exampie illustrates a method of preparation of a variety of bleached, converted sago
starches (all bleached in the manner of Example 1) having a wide range of viscosities as well as
being crosslinked with a wide range of POCI; treatment Jevels. As further examples will show,
the Brabender of the optimum crosslinked sago base (prior to pregelatinization) will have a
95°C+20 viscosity of 500 BU or higher and a BVD (‘Brabender Viscosity Differential’) of less
20  than §.

Table 1
SAGO | % % [N
RGO TE%I}HSECDCI)AS\"TTEY PEAK]  BRABENDER VISCOSITY ANALYSIS

“No._ | H,0; | POCH Viscosity (BU) Peak | 80°C | 95'C [95°C+30 | BVD
7 0.1 | 0.010 710 1000 | 980 | 780 | 700 |-30.408
2 01 | 0.01% 710 950 | 940 | 790 | 700 15057
3 0.1 0.020 710 930 925 800 720 | -13.514 |
3 62 | 0010 550 05 | 586 | 430 | 345 | 26496
g 0.2 | 0075 550 590 | 575 | 450 | 375 | 21739
C g.g 0.020 550 435 | 430 | 380 | 350 11625

) 0.010 _ 430 450 | 440 | 300 | 225 | 3163

8 03 | 0018 430 470 | 460 | 340 | 265 | 26.087
5 0.3 1 0.620 230 420 | 420 | 340 | 250 |-i9.048
10| 007 ] 0025 825 625 | 605 | 625 | 645 T 3308
11007 | 0030 825 390 | 340 | 890 | 440 | 94708
12 007 ] 003 825 360 | 305 | 360 | 410 | 18.033
13| 0.07 | 0.080 825 240 | 200 [ 240 | 295 20




20 0.010 0.015

6 202 H0.10.10.10.2 0.2 0.2 POC, 0.010 0.015 0.0

0. 020 I.NTERMEDI ATE BRABENDER VI SCOSITY Viscosity/ (BU SAWPLE CEL
S;I'RENGTH (GRAMS OF FORCE) 1 hour 3 hours 5 hours 17 hours 24 hours 7hr Ref,
60.9 69.8 79.9 45.6 48.8 42.3 -15 70.30.01043011.613.314.413.717.418.3

80. 30. 01543013. 718. 119, 221. 826. 030. 7

14 0.1 0.025 710 610 605 580 560 4,132
15 0.1 0.030 710 480 480 480 495 0
16 0.1 0.035 710 3680 330 360 400 8.33
17 0.1 0.040 710 310 270 310 340 14.815
18 0.13 0.025 595 350 330 375 375 -3.846
19 0,13 0.030 §95 300 300 300 320 0
20 0.13 0.035 585 240 220 240 255 9.081
21 0.13 0.040 595 175 160 175 200 9.375

*H,0; was added from a 30% solution.

The sago samples listed in the Tables are identified in the Figures based on their sample ;
number and pH when drum dried. For example, sago sample 10 drum dried at a pH of 4 is
shown in the legend as ‘Sago 10/4°. Figure 1 illustrates the gel strength of the above sago

5  samples over time in an acidic environment (here, a lemon pie filling having a pH of 3.1),

EXAMPLE III

This example illustrates a method of pregelatinization by drum drying the above
converted and crosslinked sago starches to obtain the instant gelling starches herein.

10 Each sample was drum-dried by slurrying 200 g starch in 300 ml water, then cooking and
drying the slurry by slowly feeding it onto a steam-heated 10 inch diameter steel drum, with
steam pressure of 105-110 psi. The starch was applied to the drum prior to a 2-inch diameter
feed roller, with the drum operating at a speed of 5 RPM. The pregelatinized starch sheet was
scraped off of the drum by a steel blade. The pregelatinized starch sheets obtained were then

15 ground until 85% of the starch passed through a 200-mesh screen.

The gelling properties of the dried starch products were evaluated by the gel strength test
described above in the ‘Gel Strenpgth Measurement’ procedural section. The results are listed in
Table 2 below. It can be seen that much weaker gels are obtaincd when the peroxide treatment is
greater than about 0.13% and/or when the starch is crosslinked at levels above 0.030% POCI3.

20 Table 2
SAGO % % I—ﬂT’ERMEDIATE SAMPLE GEL STRENGTH (GRAMS OF FORCE)
SAMPLE BRABENDER
. VISCOSITY
No. H;O; | POCL | Viscesity (BU) | 1 hour |3 hours 5 hours | 7 hours | 24 hours [ 7hr Ref,
1 0.1 0.010 710 19.2 39.3 47.3 457 54.4 80.9
2 0.1 0.015 710 18.4 47.2 52.8 51.8 64.2 69,8
3 0.1 0.020 710 23.8 54.4 59.8 64.9 72.0 79.9
4 0.2 0.010 550 18.0 27.4 29.9 34.3 37.8 45.6
5 0.2 0.015 550 18.7 31.2 36.2 36.0 43.1 48.8
6 _— 02 0.020 550 12.9 27.7 326 35.1 42.5% 42.3

-15-




90. 30. 02043010. 013. 514. 416. 622. 220. 3 100. 070. 02682512. 537. 645. 250. 058. 766. 5
110. 070. 03082512. 631. 538. 543. 653. 458. 3

120..070. 0358258. 830. 036. 037. 144. 848. 3 130. 070. 0408258. 320. 631. 933. 640. 740. 1
140. 10. 02571018. 144. 454. 956. 767. 377. 4 150. 10. 03071017. 342. 649. 659. 059. 671. 5
160. 10. 03571014. 134. 936. 241. 847. 752. 3 170. 10. 04071012. 431. 638. 236. 543. 246. 2

180. Q021 64 200 5ER 372 .5
10. 1 18.3337 010 04> A3 457| 511.6 13.7 17.4 18.3

200. 593 oRP.M80| 3364884 15§ 18.7 21.8 | 26.0 30.7

210. 0593 _012.029g 522 4307 0oR .G at8fl ald22 i| | 398, e

t he 9Q o 887 o pBBat U or

G887 o] 00l es A28 and1125
pH off.z 11As | |0-0%+ ¢ £038 | ge| &Py engt hidkc
cr Osji inld nagl 986 ¢A0S8 | r eq 281 o5l 0B-8pL

t hat lhetde ik 07 2h 90400 whi B35t he hnBd; i 3 g #8: 0wl 44Q1 t
per f e | EO ok B —whif1B sagn ¥ty 867 of n8%8 | .

sago sam¥ es Lﬁ_-hnioﬂiﬂ?me_ﬂéﬁ_; p fﬁraﬁ 2 ac59agag15 ek AR rum
dri et apeltlral 0835 5o 74074 phdldal b Aég?.eeﬂﬁawnﬂeu kB2d than

ol 1984 pl,0.04 I/ inki l&t & hdd? | A
D P R e e R i L

9
instAnf 110 D?|1$n10(ﬂ ol—si-ar Igﬁns fa 1 &n 2"f\n fa) D-4_h I : k

3 '
i c‘:fzp E HOIJ ;Oi'c '5' 1. cfl I: M iﬂ"éﬁ" ;' qu‘ ; ngj' arlm
g;;gcv. 21 :’fﬂ} L 0.040 5 ﬁ?_& 4o L p8s ol 728 | 27 -Z(j,.' PoaEo " N9

J
Control 1 is an al cohol -cooked cornstarch (commercially avail able as

Mragel' fFpitvdd 2-5 prapHicdISYilliaihed afel g isﬁa:g@apaﬁﬁ]?lemmlo-zl labbveOdrsin
Control 2 is an instant ‘?ell_l ng nodified potato starch (comercially.
avai | di¢dataspH of pas @l 007 Fassiflusipdted, gehstrpgthedecraasdsas the amountpf crpsdinking New

Jersey). Control.3 i t na alyJle]] t ato- based st.ar,c
(comibtsesth toesishe of pB. FORAED Ebates, s MRlsHeteF rgf et B atareecp SR g oot
Creni ghtrosalinkingyprotides Bestpeormdieyy For etanmple, Wil idgol s¥mples Th® aR fpefoimef

bl eachi ng was evaluated in this exanple. Native sago starch was converted

and cP&Ethansego wamplsst Stand 17} B et ReTionainegample Was saeqfpmple114 drum diied yrry

was p S i AL i f ot r.
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Figure 5 illustrates the effect of the amount of crosslinker used in preparing the instant

10 gelling sago starches of the present invention on their peak viscosity.

Figure 6 illustrates the gel strength of the five top performing sago starches of the present
invention versus three non-sago controls. Control 1 is an alcohol-cooked cornstarch
(commercially available as Miraglelm from A. E.: Staley Manufacturing Company, Decatur,
Illinois). Control 2 is an instant gelling modiﬁcd potato starch (commercially available as

16  Paselli® Easy Gel from Avebe America, Inc., Princeton, New Jersey). Control 3 is a thermally
inhibited potato-based starch (commercially available as Novation® 6600 from National Starch
and Chemical Company, Bridgewater, New Jersey).

EXAMPLE IV
20 The effect of bleaching was evaluated in this example. Native sago starch was converted

and crosslinked without the bleaching step given in Example 1.
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strength'of 54.°9 1oF “&Yﬁ%&& tedda A 5adn & hokwatenkal. Myteschloric acid was used
to adjust the pH to 2.5 and 5 grams of sodium chlorite was added. After holding for two hours,
the slurry was pH-adjusted to 4.0, with sufficient sodium metabisulfite added to neutralize

» * » my
remaining oxidant. The slurry was then allowed to cool to near room temperature (about 25° to
about 30°C).

25 Alkalinity of the slurry was raised to between 28 and 32 ml 0.IN HCI (50-ml sample) by

slowly adding a 3% aqueous NeOH solution. 0.5% NaCl (10 g) and 0.020% POCI; (0.4 g) were
added to the starch slurry and allowed to react for 0.5 hour in order to crosslink the starch.

The temperature was adjusted to 42°C using & hot water bath. 5.0 g of a 2% aqueous
solution of potassiutm permanganate was added to this mixture (i.e., 0.005% based on weight of

30 starch, corresponding 1o 17.5 ppm of manganese jons based on weight of starch). 2.0 g of 30%
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conversion after 5 hours storage at room tenperature (when both were

di spersed as shown above for the lenon pie filling), 1 o EXAMPLE VI
Non-.pregel ati ni zed bases were evaluated for their gel strength when
prepared according to the lenon pie filling gal evaluation. Since these
were not pregelatinized, the formulations were cooked in a boiling water

bath for. 20 m nut.es, ,then al]owed. to cool in refrigerated cqnpditiqns for
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as gi &Nk -gm@!?i e Filling Gel Evaluation. The sanples were held at
roomterrperelllilél}{ra%E 25 Tor a period of seven hours, with their- gel strength

anal yses listed below Table 4 SAMPLE | % -1 | SAMPLE GEL STRENGIH ( GRAMS
OE F% %g . H2021PQOCI 7hr Refrigerated 24SI DAO. 10. 020Too weak to run.
248K0 =] é‘ weak to run. ' SIDAis "SteamInjection Dual Atonization',

a process f\yp-pregelafidiled Base® Wird\BaRlatedCfol Bhefr gel strength when prepared according
to the lemon pie filling gel evaluation. Since these were not pregelatinized, the formulations
were cooked in a boiling water bath for 20 minutes, then allowed to cool in refrigerated
conditions for seven hours. The results are summarized in Table 3 below, which show the non-

15 drum-dricd sample in comparison to the same base when drum dried.

Table 3
SAMPLE % % BRABENDER VISCOSITY ANALYSIS |GEL STRENGTH|
No. H,0, |POCL| Peak | 80°C | 95°C | 85°C+20'| BVD | 7hr refrigerated
22 Orum dried | 0.055 10.017] 875 | 870 | 860 8§20 +1,16 70.4
23 Non drum- | 0.055 {0.017] B75 870 860 820 +1.16 194.85
dried
EXAMPLE VII

This example illustrates the effect of spray drying bleached, converted, crosslinked sago
20  starch.
A large batch of product was made according to the procedure taught in Example I. The
product was then spray-dried pursuant to the process disclosed in U.S. Patents Nos. 5,131,953
and 5,149,799. The following samples were then evaluated for their gel strength when prepared
as given in the Lemon Pie Filling Gel Evaluation. The samples were held at room temperature

25  for a period of seven hours, with their gel strength analyses listed below.

Table 4
[ SAMPLE | b % % | SAMPLE GEL STRENGTH (GRAMS OF FORCE) |
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starch as described in U S. Patent No. 5,149,799, According to the ~799
patent, starch slurry is fed under pressure into an atom zing nozzle. In
this nozzle, the slurry is contacted with 5 high pressure steamthat

si mul t aneously cooks and atom zes the starch granules into the drying
chanber, where the granules are recovered. 2 EK refers to that process
described in_U S__Pat ent 5.131.953 tg Fdep and Kasica ("W 1n this
procEssNo.a i gh_ti ¢hPerl BOGhg (300" F+) jet Ehwdlehidestedrch is atom z when
spray-deaed | SIDAUsDAg | 020 dr essure of t heTwordektornuat oni ze. I n thel EK
procpsszathe¢ Eanubdr |020dture is not  Ilcovesasitowed. EXAVPLE VLI This
exanple 1[Tustrates the effect of drumdrying bl eached, converted,

crosgli C gl

o253 S 5P B on D AT T Folby il ol o
crossl i starch asaigecrittedrin Rl S TRsitent dNou 5 MBT930 Ameosdingetonthe 799 patentestazeh SAITY50 cm

and turped by a 5 HP vari abl e speed not or e reverse.roll and thre

appl i catiofed léﬂprspwg TP R R RO oD PHRCPGEbeTTY o8 PO b

bg tcheS}}&ﬁJ ;[?fe mpeiﬁaneaﬁéo@g,dcw&sﬁd' REREze3 0O shi@] sqnmme
prepared” at c% 49%°0 11 10.050. 025 20.060.020 30.060. 015 2540.060. 010

50. 060. Gdyingchantle, Wi the(erab e re80verdd, 016 - 19 The modi i ed sago starch
was suspended in water to forma 21 Baune slurry, which was pH adjusted to

appr xi BR @ffats 6 that ploecsirdeserilied irs UeS. tRatknaNo6 S RPMoaR € Béai el Kesida (SEE)N at
120 PSIGto a surface tenperature, (FZ)J;_ Ergrom mately 160C, ' The slurr was

pgrrped {rothis, progesnd dyghotemppraturs k304t | QaKsd stargh 1s remized yhep spray- st
a Justeﬂ R@m@%‘é st 3%&@%012 kooxv Rﬁzesl ﬁg@&%ﬂ&@%ﬁﬂ&ﬂ@@ﬂhﬁg@@gwe .

roll. LR coa I'ng  was Served on t a scraper
g sl O\A/rc;tamecghtem ng down on the knife boI ts until a clean drum surface
was noted. The drumdried starch filmwas then scraped into a conveying

screw, which directed the
EXAMPLE VIII

This exarnple illustrates the effect of drum drying bleached, converted, crosslinked sago

starch.
15 A pilot scale drum drier (available from GMF-Gouda, Holland) was used to drum-dry a
bleached, converted and crosslinked sago starch. This drum was 50 cm wide with a diameter of
50 cm and turned by a 5 HP variable speed motor. One reverse roll and three applicator rolls
were arranged just above the drum.
The following eight batches of a bleached, converted and crosslinked sago starch were
20  prepared —
Batch %H;0; %POCl
1 0.05 0.025

2 0.06 0.020
3 0.06 0.015
25 4 0.06 0.010
5 0.06 0.015
6 0.055 0.0172
7 0.05 0.017
8 0.04 0.016




scarped material into a waste hopper. Once a full sausage was obtai ned
between.-the third and 10 fourth applicator roll and the sheets were
uniform the product was collected into a container. This nmaterial was then
ground in a hammer mll until a particle size of approximtely 200 nesh
(74 mcrons) was obtained. These ern-dried starch products were eval uated
as to their Ehé gl nFbht L diicy - C L{ipns o | emon pie filling
formul ation as st atﬁe/%%ggi\s/ﬂg&hfﬁ% é\?%g%lggﬁlﬁg’gg f)#o foﬁgs%ilpﬁlmﬁ’e §]E'§D’e"’h§’@ was
modi f i epH adiyisted te approximately StioVThebirumvwis stk £ 6 RPNNGd He Sl %.iifil.gstéﬁgi at

rated in_ Table 6. Table 5 Internedi ate Brabender I§8ecs

strengt e illus

Fi nal Ff%l&ﬁ%ta %F‘éﬁ%f?&@ef%@éampmlxlﬁm%ach + Conversion Conversion +
Cross-1inke . | Bat ch Gel Strength Anal ysis
(Leron Pie %ﬁ&g&%@%ﬂﬁ \(§+’l C@H%;ﬁ‘?&%ﬁt%‘cw %331?"3%" Ry1RS! e pisnp speedos
22 36 1858lEtebter acheve i S@d§Tlow B Buid.of 18 thOMeofld applitheds 1. BReea costing

was observed on the drum, a scraper knife was engaged by slowly tightening dewn on the knife

bolts until a clean drum surface was noted.
The drum-dried starch film was then scraped into a conveying screw, which directed the
scarped material into a waste hopper. Once a full sausage was obtained between the tlnrd and
10 fourth applicator roll and the sheets were uniform, the product was collected into a container.
This material was then ground in a hammer mill until a particle size of approximately 200 mesh
(74 microns) was obtained,
These drum-dried starch products were evaluated as to their effectiveness in the acidic
conditions of a lemon pie filling formulation as stated above. The viscosities of these pilot scale

5 modificd sago starches are shown below in Table 5. The resulting gel strengths are illustrated in

Table 6.
Table S
Intermediate Brabender Specs Final Product Brabend
! er Specs (Bleach +
(Bleach + Conversion) Conversion + Cross-linked, Bep;ore Igrurn Drym
Batch {Peak Visc.[80°C Visc| 95°C Visc Peak | 80°C | 25°C 95°C + BVD
1 Vise | Visc Visc 20
: 870 840 670 730 B850 730 788 12.31
710 665 510 505 485 505 495 4.12
3 705 655 490 810 880 780 720 -11,36
: 565 520 360 800 750 580 500 -22.67
2 770 710 520 870 260 880 820 -8.33
: 850 795 605 875 870 B60 820 -1.1§
! 840 790 630 755 720 755 760 4.86
835 900 750 1000 295 980 975 -1.5
20 Table 6
Gel Strength Analysis (Lermon Pia Filling Formulation)
Batch 1hour | 3mour | 5hour | 7 hour 24 hour | Peak
1 11.65 23,95 36,65 413 52.85 52.85
2 10.4 22 32.551 37.6 46,9 46.8
3 15.95 35 406 44 48.2 48,2
4 10.45 18.85 19.8 226 26.4 264
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24 hour Peak 52.85 52.85 46.9 46.9 49.2 48.2 26.4 26.4 -20 5

12. 6534.-8546. 1549. 457, 1557. 15 6 12. 945. 253. 256. 268. 868.8 7

15. 0532. 135. 440. 75454 8 12, 628. 3542.149.861.261.2 It is known in the art
that one may adjust the variables of slurry concentration, drum
tenperature, drum speed, pH and type of starch in order to create products

with different degrees f cQo Ln general, low degrees of cook may be
§ bW 48B8s) i B HedBlBi fv4%9 & 37615t §20% B neutral pH (between pH 5

and né%2at rlat53@n, | | $c? ep<FB8 tInO8Ar |fn speed, and |owering the
drum AB2fihg #5 eAhf epe SadihusPing the slurry to low or very
hi gh C ofedintlr A2 1onl  468heti Ah?2t e 82un) speed and increasing the

drumtenperature may produce a high degree of cook. Internediate degrees
of cook el ib&nowhdnrthd anyﬂlaﬂpnssmamgidnuséﬂlqoemabiﬁemfM&bnwﬂammgly

h h ch
it b iEReeNR By sp%%%ﬁﬁﬁém@gﬁﬁm b 15 e Elocctedl ptoBe AR el
of tvigr ok Q%e%%heﬂaﬁ Jow. r ef bf LddRT8ay'6¢ %@fn@@%f' adjubig telsRird) o reRbiOlly pie

fillings. t set, lenon pie fillings were prepared accordi ng
te thfemrhbpbln(bameﬁn pH AgardeB) aﬁ@a‘uglatcnmemrmuentmmg whe Idnn-hespsfetbrmld of

t he present ention, and tw V\‘Iith t he s rch o 5‘% t he at en .g&gr
four lowFane Reratue; | A ﬁvgsfj ther exprhme sadipstips g stumgy e Pr'ﬁ’r VEEY
Pr epaiedng %G%hcériﬁho&ol%v%hﬁg% Wi kﬁe%é M%ﬁ&@&@f th@ Mh@ﬁﬁeﬂ;&{e frlaly! i ngs

wer e ‘prepared as lows. A Total of 14.C0g of starch 6 g sugar, 0.62 g
dext rpredyce( high gegrediofivnek.t atcemediate @cﬁ@cQ@f gpokithay be ahiameébﬁr adnytlnu thed by

shaki n ) jar. This dry mxture is slowy added to a
sol utR% g‘r‘r“d‘F atgﬁﬁfl gﬁd?[fﬁm%d wat er and 12.91g | enon juice over the course of
ope mnute and mxed in a Sunbean(r) M xmasterX Kitchen. Master at speed

91 for a period of 4 mnutes. The resulting mxture is then poured into
4- oz RXAMPEE IXars, allowing for a headspace of

This example compares the starch of the present invention with the starch of U.S. Patent
No. 6,447,615 (“the ‘615 patem™).
Two sets of two different lemon pie fillings were prepared for a total of cight pie fillings.

T

15 In the first set, lemon pic fillings were prepared according to the ‘Lemon Pie Filling Gel
Evaluation’ above twice with the starch of the present invention, and twice with the starch of the
‘615 patent for four 6% starch lemon pie fillings. In the second set, four more sets were
prepared, except that 10% starch was used instead of 6%. These 10% fillings were prepared as
follows. A total of 10.0g of starch, 24.6 g sugar, 0.62 g dextrose, 0.19 g sodium citrate and 0.19

20 g citric acid are dry-mixed by shaking in a 4-0z. (118-ml) jar. This dry mixture is slowly added
to a solution of 5].5g distilled water and 12.91g lemon juice over the ¢course of one minute and
mixed in 2 Sunbeam® Mixinaster® Kitchen Master at speed #1 for a period of 4 minutes. The
resulring mixture is then poured into 4-oz (118-ml) jars, allowing for a headspace of
approximately 5 mm and held at room temperature for various periods of time.

25 Gel strength tests were performed on each of the eight lemon pie fillings according to the
procedure described above in the ‘Gel Strength Measurement” section. The results of those tests,
taken at 5 hours and 24 hours, were as follows —

_21.




approximately 5 mmand held at roomtenperature for various periods of
time. 25 CGel strength tests were perfornmed on each of the eight | enon pie

fillings according to the procedure described above in the "Gel Strength
Measurenent' section. The results of those tests, taken at 5 hours and 24
hours, were as follows Table 7 Lenon Pie Filling BatchGel Strength (Force

in grans) Percent 5 hour 24 hourCelled 6% 616 Starch 126.341.6 6% 615
Starch 2 27.4 39,2 66 6% ' 615 Starch Average26.8540.4 6/n Present Starch

147. 357 8 6r6 Present St arch 248. 85Pable®% Present Starch
49065 5821004 615 St % 615 Starch

Aver g8
2375 Present Starch 1 133.5
133 & 2131 rch
Aver hge . | | ed'hoirs t nt gelled at based on
gel F - ers12§:3t he jgel MHrendth at 2 hours, where the gel
at 2 P& $1§ Swsh2dcr o o288 gell of P8agt h fat 100% gelled. 5 As can be
seen farchyAv sdgo 28.8F ch lof B4 prdser@s i nkention gels faster
t han % nthtarchd of It he 47815 gat ed?8 botlh_at_hi ph (10% - 99% gel | ed
ver shs_g8Gy 'SAoRt StaiEh Raos | ao@88ge) [led WB7sys [66% sthrch solids.
Acco ent chd8®5 t ha pré&ent ilnved?tioh is nore
% '615 Starch 360.7 -« 469.4
10% 615 Starch 2 3751 445.5
10% ‘615 Starch Average 367.9 457.45 80
10% Present Starch 1 133.5 133.8
‘ 10% Present Starch 2 131.7 134.4
10% Present Starch Average 1326 1341 99
The ‘Percent Gelled’ is the percent gelled at based on gel strength at 5 hours versus the gel
strength at 24 hours, where the gel at 24 hours is considered to be gel strength at 100% gelled.
5

As can be seen from Table 7, the sago starch of the present invention pels faster than the
sago starch of the ‘615 patent, both at high (10% - 99% gelled versus 80%) and low (6% - 82%
gelled versus 66%) starch solids. Accordingly, the sago starch of the present invention is more
efficient at forming stronger gels faster with a smaller amount of starch solid. Further, the lemon
10 pie fillings of the present invention exhibited no syneresis and were dry on top to touch. In
contrast, the lemon pie fillings formed using the sago starch of the ‘615 patent exhibited severe
syneresis and were not able to sequester water like the lemon pie fillings formed using the sago
starch of the present invention. The sago starch of the present invention has application in food
products such as pie fillings and cookie spreads, whereas the sago starch of the ‘615 patent has

15 application in confectionery food products such as gumdrops (e.g., Mason Dots®).

Although the present invention has been described and illustrated in detail, it is to be
clearly understood that the same is by way of illustration and example only, and is not to be

taken as 8 limitation. The spirit and scope of the present invention are to be limited only by the
20  terms of any claims presented hereafter.
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efficient at formng stronger gels faster with a smaller anount of starch

solid. Further, the lenon 10 pie fillings of the present invention
exhi bited no syneresis and were dry on top to touch. In contrast, the
| enon pie fillings forned using the sago starch of the 615 patent

exhi bited severe syneresis and were not able to sequester water |ike the
| emon Rirea¢fik Liak r i t he stgrch qQf the present invention.
The saggﬁasttl%yghrng?aﬁﬁéﬂ%geedsjipn?eqfeﬁvléﬂsﬁgﬂcﬁ%%ﬁ (%¥ation in food products
such as pie fillings and cooki e spreads, whereas the sago starch of the
"615 patent has 15 application in confectionery food products such as
gundr ops 4 8014 watspcisnersblesmodifier sagshstariok withezetliti propeties mrepdred bpeen

describ ' il it is to be clearl derst ood t hat

he. sans T PSabE b bl AT hEL besn somysiaife 3 Bisege St aboul 40 Brebrnces

taken as Unitsitaiabaiti 1000 Briendar Uhits SInmOARE 1R cdnbendy, ?ﬁgﬁ?}edi s@a&@gﬁg\gﬂg reto
e er =

be limted only by the 20 terns of any clains presen erea . 22
What is (Zﬁrabwéar YirgossPiftegentisl 68 \H2Dumeasubsd hetweam aboRaBnindisbout00°@, 60! d
wat er di mgﬁ&{tg__ﬁ%ftég& ﬁgﬁvﬁﬁar ch with gelling properties prepared by
pregel atinizing a sago starc at”'has been converted to a viscosity of
about 400 Brabender Units to about 1000 Brabender Units and inhibited, the
conver ed%éi nhj. %}ed starch having a Brabender Viscosity Differential

(" an'é-, &qﬂﬂg Hhepwkaseh efirdaim BWhersin b sego 9ach istherniallyrinkibited. - - 35 BVD
to about 25 BVD. 2. The nodified sago starch of claim 1l wherein the sago
starch is thermally inhibited. 3. The nodified sago starch of claim1

wher eih {The meslificdstago stardtsof oMiinbi Wﬁ&ehﬁ’thé@?@d%]}gh %ﬁipﬁgﬁsggg\gﬁﬁ a?f; hl ggst

0.005% b ight of a craosslinkjing agent. 4.

claim3 gﬁ&ie‘?&?ﬁé”%&&ggiﬁ@fﬂ’ﬁlgﬁ ofaeressdinkingiagent. cr ossl i nking agent

sel ected fromthe group consisting of phosphorus oxychloride,

epi chl orohydrin, sodium trinmetaphosphate and adi pic-acetic anhydride. 5.

The notli Themodifisd sgastatchodf cidimi Mwhershahebdpoth@cibisabsced With a%‘agﬁ@{

form ng at%(?ls he%aﬁ_a gtﬁl strength of at |east 30 grans within out s from
pr epar at FoH" qdec Bidhe grve foaising ofinhgsrherusraatlilorde, saipblosblardein, sidiwh ai m
1. 7. A tifietastodpkdie BV idiBicdc¥s i3i:y. of from about 400 Braberider Units
("BU') to about 550 Br abglr?dgr Uﬁ?‘?gﬁg%d having a gel strength at |east
100% greater than a conparable cornstarch having a viscosity of from about
400 By t n, both the sago starch and the cornstarch are
eval ugt' egh%g](raugﬁee ?j%ggor g%r&ﬁﬁ?g{alra 16‘%‘956‘Pit€%5tﬁ‘6§ﬂ%‘?ﬂpﬁb18 of forpring 2 gel Haying gel

pr epar i ngreagthodftht Mabte30 gaaRvitHipb GouTHind g&gaﬁ?&? starch having gel l'ing
properties, the process conprising the stepS of converting a sago starch to
a viscosity of about 400 Brabender Units ("BU') to about 1000 Bu;

6. A food system comprising the modified sago starch of claim 1.

7. A sago starch having a viscosity of from about 400 Brabender Units (“BU") to about 850
Brabender Units and having a gel strength at least 100% greater than a comparable
comnstarch having a viscosity of from about 400 BU to gbout 1000 BU when both the sago
starch and the cornstarch are evaluated for gel strength at a 6% solids content.




i nhi biting the sago starch such that the inhibited starch has a Brabender
Viscosity Differential ("BVD'), neasured between about 80 and about 90C,
of from about -35 BVD to about 25 BVD, neasured at 7% solids; and

pregel atinizing the sago starch; wherein the converted, inhibited,

pregal ati ni zed saga starch is capable of form ng a gel having a gel

st rengt 30 gr. thin hours.from preparation..9. The
proceg's f}%ﬁ Io(??égiéf)nleﬁl% ere] %&Hﬁ“éaw?fwcﬁ%é‘?’éﬂoﬁgcc{ %Pﬁ{ﬂ‘ﬁ{thvmﬁ glling; 10, The
process podpestie] meﬁ?rw,agg@g,ﬂpﬁ fReRpsbarch is pregelatinized by drumdrying
the starch. 11. The process of claim8 wherein the sago starch is

i nhi bi t ed ¢ANVeBUELA Jago starchsta@oriscositycdf abionhd Gt Brabersdet Unitd (B Yo ebswght of a
crossli %bﬁ'%lﬁgent' 12. The process of claim 11l wherein the crosslinking
agent is Sel'ected fromthe group consisting of phosphorus oxychl ori de,

epi chi or ofiiititing e dhytlchich BRIABRORP M BitcAthr A BAGEHdF vipRYAT | de. 13

The process of claim 11 wherein the crosslinking reaction is t her

car ri ed Qiffereatial{"BVEhaneasured betweepabout-R0°tand abmu Q0BDGS fivdn aBdwe —pS BYESS of
claim8 | saqo_stacgh i.s converted with hydrogen peroxide. 1$.
The pr oé%ggug?gg‘gﬁh?ggﬁfitaﬁﬂ %?(B'ﬁﬁr“r“gi ng the step of bleaching the sago
starch.  pregelatinizing the sago starch;
wherein the converted, inhibited, pregelatinized sago starch is capable of forming a gel
having a gel strength of at least 30 grams within 5 hours from preparation.
9. The process of claim 8 wherein the sago starch is thermally inhibited.

10. The process of claim 8 wherein the sago starch is pregelatinized by drum drying the starch.

11. The process of claim 8 wherein the sago starch is inhibited by reacting the sago starch with at
least 0.005% by weight of a crosslinking agent.

12. The process of claim 11 wherein the crosslinking agent js selected from the group consisting
of phosphorus oxychloride, epichlorohydrin, sodium trimetaphosphate and adipic-acetic
anhydride.

13. The process of claim 11 wherein the crosslinking reaction is further carried out at a
temperature of about 5°C to about 60°C.

14. The process of claim 8 wherein the sago starch is converted with hydrogen peroxide,

15. The process of claim 8 further comprising the step of bleaching the sago starch.
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