Use of a Crosslinked or Inhibited Starch Product This
application clains benefit of provisional application
60/ 591,997 filed 29 July 2004. BACKGROUND OF THE
| NVENTI ON The present invention relates to the use of
a cross-linked or inhibited starch for the control r
regul ati on of bl ood glucose |evel. Such starches
control and/or regulate the bl ood glucose | evel of
manmal s when used as a food or feed source by
nodi fying the tine and rate of post-prandia
absorption. Starch is a major source of energy in the
typi cal western diet, Refined starches (for a
description of refined starches see Inberty et al. D e
Starke, 43 (10), 375-84 (1991)) are nostly eaten in
the cooked form which generally provides a high and
rapid rise in blood glucose, being quickly and
conpl etely di gested. However, sone refined starches
can resist enzymatic hydrolysis in the small
intestine, such that the starch is not substantially
broken down until it reaches the large intestine
where it is utilized by resident mcroorganisns (this
i s defined as resistant starch or RS). Englyst
(Englyst, HN et al. Eur J. Cdin Nutr 46
(suppl . 2) Use! arosslinkedpsiinhibiied Htaseh Bradust ent
categories of resistant starch related to their
origin and nmeans of resistance. A fourth type of RS
Thigeapplication claiesskenefieel prgvistnalwpp(iGatioms0E01 807 filkd @8 July 2004,
Australia, 43(6), 272-75 (1995)) relating to
chem cally nodified starches containing ethers,
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The term available carbohydrate is defined as the total amount of carbohydrate in a food
minus the amount of carbohydrate that is non-digestible. Non-digestible carbohydrates include
dietary fiber, sugar alcohols and non-digestible sugars. The broad class of dietary fiber includes the
group of starches defined above by Engiyst and Brown (RS1 to 4). In some published examples,
resistant starch is measured or quantified as dietary fiber (e.g. Chui et al. US Pat. # 5,902,410) using

standard test methods (see AOAC 985.29 and 991.43) and provide little to no absorbable



i ncrenental area under the bl ood glucose response
curve in an individual subject for a particular food
sanpl e on a specific day. The nagnitude and duration
of the glycem c response to various foocs reflects
the variability in the rate and extent of the
digestlon and absorption of glucose contai ning

onmponents such as starch. This has_been used to
POStPfand'%lé?!L@P?ﬁ et aredfermaited dee Broa iRtestings tprhRmae, thgpirsssee of resistant

starch aﬁeétggﬁoﬂﬁ@éﬁ 8f &hilhpd] chHéH?dratfeQWthé'Wooeée?\ﬂnd P 1RO IBAE Svay dietary fiber

ycem C resgonse f oods usin t he sanme
(e.g., ce"ulgaﬁrmuén,d:syw,\mdgar@isie ecthihe quantiy effayrilatie eprbelygiaiehg

GI%Jaﬁucerfefs. ﬁ&%@ é@ﬁhg%fé’rgqo HeU iRz ntial efka‘aféqﬁ foc{@§ of %rb%ﬁrﬂ?&ogé( levels over

used in this
the time pgloylcpé@no fi2Adeirutes(NH Bultication umbex, 993389&1 99&}11 l1j is mepswred as the

incrementaldfe Ny era unﬁé‘fﬁ% bzlioroggfu g Ge]s?ﬁ bciu'rvce dﬁ%fw Mo RF sut Qﬁ Jora particutar food

ment a ucose res
sample oncal BN&EIfmfdaa{ 50hey maanmdbaamidedtmalobcﬂiym ah,'eerplorre$mm$e;fto xarious fooas

reflects th{ ﬁ%ﬁasbgiﬁg% fraPhfes s <fe%§,n WR@% %%gtgﬁ]g%ﬁg]gb{ogﬁfbﬂngf Iﬁ&se containing

armount avail
componentst suct aasdstarsbd Trak eas byger beedsmmetsmbmeedté ma@mtude mftthapystprandlal

glucose reaﬁ?ﬂshié% ?cggﬂtmgﬁ/jq*g?%% agg Eog? cgm%rszrg?agl?g Cé c%{nugfreWnF%) foods using
the same dangselor Jdrein@size edkis it asefulantdefeymining thebisaacdn 0Sd @fucose of foods

varlgus ing di.en s in food and the role they play in
as consumggpy hupaps, ﬂ‘iﬁ?'ﬁ’? source is digested and the gl ucose

Asamanbeﬁb afpyicatemy glycargic andeREGI) (Jee»dns;zwnt et aOfAm J Clin. Nutr. 34(3):
as2-06 (198 ia. Al B B3 RNk alara ndel shd Siadef BhoqsadSindie curve of a 50 ¢

available d‘a_ﬁb’why@ﬂa&; p&&orﬁ@ﬂauéﬁdoo&bié@émﬁla\sfed geﬁcbﬁﬂ (ﬂ:ihe fr&méﬁse to the same
rich in ts, protein or tar i ber wou

amount of afalalf (caioT Yo Rle oSBT P ke By gPBGAMEosyblegdist An aitrary

assignmerit B 100816 YiveR doraRE s@hdad ddddavhRh ean bty de 3be; of/éﬁlcbg'é? or 50 g of white
food is ingested, the amount of gl ucose |n t he

bread. g subject to two basic nechanisnms. The first |s the

Th%fGIQse@f(s Wﬁhﬂﬁyhl@é‘mkdﬂé&uoﬁ@@f \Mn@@éjm@iierd%@lfﬁ iAffod Wtﬁ@ r@8 they play
e food is geste he second nmechani smis

in how a C?@P@Y%ilte 8BYGP it Figestedt a@qn*@e SlusesrsaPsersmh ﬁaréewrer&d%ﬁ@e&ﬁwﬂ amount
of available r@:beoh?d‘rSteb(@dy) hiths Wt fddt RoMgh tsbﬂnénmé nﬁmﬁueﬂgéﬂ fpbﬁrén of the test

hese 't wo nechanlsns one sk

food mUSt\AbQJICGWL@@QS’gmpé*é"taﬂﬁée'béfrﬁéqﬁ%%omﬁd”%l"t ﬁaft%zc@@@éﬁ ﬁatQﬁ%'vdfbef would

reast
necessnaté Q‘?a n_g%@ﬁ fﬂ?e }nnﬁﬁlt%&gﬁst@@ﬁgﬁlg@?@ﬁﬁgv%}é c‘é%r%é!rgte
A$ dhe rf@@m|lsatmgegtetdhéhe3|a@wngloncgb@ese |ire\trzee dlogidt isi subject to two basic

mechamsrﬁ?rt afh‘% ﬁE’te‘é'tfué Qatﬁad?%%éﬁWE d“%g%!@&d@h 6P§EC$S%V§4 the food is

eC|
digested. mhgkgg(:@gi mg@ty@psm isghe rate 8 @QS@@t\Qﬁp&theMO@g@ﬁpm the bipodstream into

the body t(s%@@lmthofg@\rth%&@"épixi%phflédr\ﬁé'vﬁéﬁﬁésé N@H@@I‘i’arﬁﬂn‘\’s‘:%@ skilled in the art
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functions in the netabolism of fa and

levels withith geriginyprecificgangest fasting alggma @,lpcg%qﬂegelgpéggttp @n‘l mﬁnol/L as specified

by the Ameﬁ% @lé%%%eAQ%%Gﬁr@Hb@fés ChRY 24R88H) Sh@""(QUOQ For example,
produce rapid (but of fset) rises in seruminsul

increases [iehlepd glugpseclevele stidutate thaeregyctgect insulin, which amongst other functions
facilitates the absorption of glucose into the tissue, but also exerts major functions in the metabolism

of fats and proteins. Therefore, foods that cause an acute elevation in blood glucose concentration,
have been shown to produce rapid (but offset) rises in serum insulin levels, which leads to the uptake,



2 storage and use of glucose by the nuscle cells,
adi pose tissue and the liver, consequently bal anci ng
t he bl ood gl ucose concentration in the "normal" range.
G ucose that is absorbed into the tissue can be
converted to glycogen as a neans of storage for the
muscl es. G ycogen is used in tinmes of physical
activity and replenished in tines of rest. Carb
storage ang yee blogiyepsatby)the owaeingeliss adippseotiscye and Hiedives caseequently balancing
the blood gl BG{EERBehPfoR D€ “imBReAgy, | n the form of - glycogen
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long recorhmsttlddreating nidhgUGHHI rhé&aidevar th@awrge of avuayg@httgmpnto&&gulate blood
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glucose ( a\“gt‘hét%ﬁ%@” BApYIE(Y FHRPY) A Gn@”F@GbM?Eﬂ'&béPvébt ?\ﬂg%na"v, rapidly
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that glucodsldélbagenaldryan ereheldytimé aelibd Jeddls 48 Gspabitis BeRefite Viich may include
which normal |y happens after an acute el evation) have
increased [satigly 4o10@pgargime periods (weight management such as weight Idss and long term

weight stabilization), sustained energy release (enhanced athletic performance including training), and
improvements in mental concentration and memory.

A starch, or starch rich material, which could provide glucose to the blood over an exte nded
time would serve to maintain normal/healthy blood glucose levels (i.e., normoglycemia) and



trigger a stinulation of appetite (hunger) in healthy

adult humans. Alternatively, research indicates that

gl ucose rel ease over an extended tine period |leads to

specific benefits which may include increased satiety
for longer tinme periods (weight nmanagenent such as

wei ght loss and long term weight stabilization),

sust ai ned energgﬁrelease enhanced at hl e
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treatnment of any t he conditions discussed above.

and/or regw@tsltmwop%giuvowgv% of MpgWalARdPeshRRASR! JAsqeryer. 1t has further been
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ese starches ingly, it has now been
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SUMMAR@@'&WI—?&IN\@J@!‘I@N regul ate the blood glucose |evel of
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€ 40
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I .
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into foods, Suahbes b sadctogmovidec ihedensumees evithraeptaolied/ réguldted glucosp over an extended
time peno%%gr :‘:§§ §tt %r&ﬁw& ?ﬁ%@ﬁﬁ%l&h&ﬂbl% S‘Hé&gﬁ?\?#%n@?%%% Iﬂﬁrﬁe individuals
who may dewelop inisblirt resnsmncdn specifically those treated with
Lumtri haosphat e,, and/ or, sodi um . .

R B TR B PRl iRl aroparase oy any chemical or
physical psctc&ss;heecanulaa)stélehesapaiblbe dB‘terrrﬁtthhsfllgg mherobdfdpyi B the presence of
blrefrlngenfsgrfs(@fte e\é%tslrs ﬁ{_}%é) frogpgb goggﬁggHtgg%eér&@a tgarﬁﬁ%sv by o%fshlerYot significantly
soluble in mmwwd afv Weirl‘gewmtzaw%d %d'{jpé%“batm g;hmmsﬂamnﬁ a®nthose that have

ende time perio nd. as
been reatf pE BT Tisay b BGLESRURHTR BEPaA S BRI GG izpsoa temperature
(typically @bodki Gﬂ°6paBeme\stwcrrmwademqirmssmml besomesblsibi@rane. then are allowed to
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retrograde% %tl orm ﬁgg?%gqggg@ ea)’ wga}tsgﬂﬁgwoclﬂ T ngﬁlbféfbel%%aé? galbut are also
not granulm mmes@emblxamahmf thys averttos, thagranelad &rmrofstaexh wess usgd.

Most %scerapcﬁg%péﬁdb;}ﬁbﬁ&‘?io% ﬁe?\%n&%s&f two points in time to measure the digestibility of
carbohydrates. These points are at 20 and 120 minutes after ingestion or for in vitro techniques after
the enzyme digestion commences, but do not accurately reflect the absorption in the stomach and
small intestines. For purposes of this application, digestion of various samples have been measured
at 20, 120 and 240 minutes to better relate to the true physiological effects these samples will have in
the mammalian digestive system.



birefringence (Maltese cross) under polarized |ight.
G anul ar starches are also not significantly soluble
in water below their gelatinization tenperature.
Non- granul ar starches are those that have been
treated or processed to be readily soluble in water
(C\/\S) bel ow their gelatinization tenperature

|caII about 65C). Sonme starches can be grocesse
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r 0 smal | ,
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phosphorus ofttee dedoditiedgtarchdasé forahat of the h&)dffrea(star@n t her eof
which is neither rapidly digestible starch nor
resistant starch, Alternatively stated, slowy
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subst ant.i rtion its, glucose to.the nmal | an
Fictiay <aoee o BRaL R oopss it PRt E i ot AP Bl nes and the
ideal glucosefrbl%aﬁém@ﬁfddﬁybbmalhing éb@tsmehbszo i nlut es gnd 240
.mnutes in ns). For a nopre c et e description ,
Fide 2 AR dres PN ios® Fitsag S UBRookPY ol e Chsiokae to various
levels with STPP@TiMP.cal Nutrition, 1992, 46, S33-S50. (Note:
Engl yst descri bes slowy digestible starches as those
that release their glucose between 20 and 120 m nutes
DETAlLED@ESWM@NUFMWNﬂ@Nand 240 minutes.) As used

OB RS BB RHPTIRD SRR G6 Medes Ry GPINiaY 5y IRES, L igontol andior

regulate tfeoblolad i gluddse |Exengs| mamead and mmebra@hi@lda%v@tpgﬂn Such starches are
inte und phos

prepared ti B3I st e braRvEg o melfRal sl AR Tt O STa, Bethods knowr
in the art aﬂdaﬂsm tryinbibinstarah, specifiosllyewitimeadism tAthdephbsphate (STMP) and/or
sodium tn o ?'B%D%FF‘E W@dbstéﬁﬁ&?gsgﬁﬁ(gg%ﬁqﬁb?%a sfq?%wegﬁwﬁar? P[Oéaarly formulated
into foods st lakehabvasaepgiernantt may befuséd®e prodid ihedossumiartwith more constant blood
glucose (prevent/minimize acute elevation) levels over an extended time period (corresponding to the
time the material is in the stomach/small intestine) than would be possible with other types of
starches. Such starches and foods containing these starches will heip the consumer regulate and
maintain normal and healthy blood glucose levels.



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 depicts the
i deal slow glucose rel ease conpared to that of nornal
starches and the ideal glucose release from foods
cont ai ni ng such starches. Figure 2 depicts the actual
gl ucose rel ease of uncooked corn starches crosslinked
to various levels with STPP/ STMP. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The present invention
Staref, aase ysad hetedn, usentgmdeai tor hskie relledlarghes, rflouls aed starch containing

materials d%h\%cﬁtbnﬁ fbbﬁfn%‘n‘gf FHeQ fand 604 g’?‘taﬁy B{@@r PAtQQQO@HC%CQﬁ%f which may

post pran sorption
be suitables fos s dwereir.e A p&féfﬁa?t@feh@ﬁ uspdetteren@ indNe\as kismfasRddn nature. Also

suitable are! ?\Efcﬂeé'o‘énvé@tﬁﬁﬁw' &arﬁu(gthalﬁéd g nrd Q{rééo‘ﬁ'i#’g%cﬁglques including

Known 1'n the art to cr
crossbreedinga trehslocaieri inversiph wamrstonngtm Qjmnvrqthﬁetrmjhmtphgar@ or chromosome

engnneeruné%gl\{ﬁ%lu@{ @ér‘?&tuon? Qﬂé £ g{glcﬂoé Xpﬂﬁéﬁga}e?erﬁegrgp)as c\;/%%{‘cauy modified

star
organisms f(@GM@)! an addmomtstarcmderwedrfrorrak@lanasroansfmplaetmm mutaagms (including

oss tonD B8, 0 BAY 45, IRSRTRRE o B SRR, vicn may e

produced Byehnelva staneardanetaadsemfdmdattonrmmmgl, ae g|sosuitelsipdediimg to

the tine is_in e st ch/ snal | . .
PR 1 R rett el MR PR BRTERS Lty The natve
source casttﬁr cchBS(ma&e(;hp& giotdte s swewd ﬁcﬂmdsbmhabalrildyg theesence, oat, sago,
tarches wi | the co uate and,  nai

amaranth, BT ICaneh PO P G200 SEDRL: 25 Wey af By v amyiose)
varieties thseot. heammmarly Siséfol endest inolutd ehdigke ;ﬁtdto Staselesand rice. As used

nerein, thel b 2Bl 51 e B e L g GETHH NG 4P e than abour
10%, partiBQldfE @o @ode HhnVdboth SPRYMosh@asidilampIng more wﬁa_&t@wm by weight

native st s Us er ei as. it i
amylose. f%He HyenhR er%%xﬂeda Vil é%?tés & glpgt]_agﬁhg%égd é?e'meggﬁdsfq @ﬁ!\“ge all starch
sources, lrlfdllﬁjﬂg PBsivARH &Muﬁﬁ&f&@lﬂé OarbrRAsticaly hiesbdi iuRs obtamed from hybrid
udi ng. crossbr eedi n?rﬁét rans| ocation, invers

breeding. tk}o&@ggropwgtqnb\ﬁpsgrstadﬁgeso IS SKYEPRSIVIBY gr@gﬁétr@p 40% amylose are n-t

suitable foplhgeqmg)meem@ngl neering to include variations thereof
which are typically referred to as genetically
Theotaren @H‘h'sd‘ﬂ‘@&ﬁ?% Ry beRrgrarqdpyErating B?i“Vesaﬁ%[% Ar glaich yigh materials

with multlfﬁrﬁdﬁﬁhﬁ Pé aﬂ‘ﬁungﬁ&%) cfréé%ﬂhléﬁgt iefab&'hélbr W%@E]b&ﬂ@ the starch to a process
(i ncl u gorbflnose rom chem cal nut agens)

known to Rfﬁ‘?ticat'”rbfﬂ {OR@ eﬂ@@@@e@brﬁ’@rmég% iﬁﬁ%ﬁ@&‘iﬁpm W6 @RUmesnsisting of
sodium trlﬁﬁ%tagﬁéﬁwdfée@o@ﬁmkﬂe é‘r%d”%%%tl&ﬁs {F'é]"ébtf' Hlch crosslinking

are al so suitabl e herein. ypl cal sources
modificatiqng rare kBown Ay BRGSE ancbarecdesanibed foypample noMpdified Starehes: Properties

and Uses Eﬁde\eriHLnt@ Cﬁé‘@ré&@t I'n},“i‘Flof?iG’a\J 1986 C%hebﬁllﬁermth(a%' v?&)ld recognize that

sweet 0, anana bar |
by varymgrtfn@ éeac@gm coryj;fgms angrfga%ﬁrtsh it m@ptp@g@ps@eigg‘gam)he Ieve! and ratio of di-

subsmut.oarvs %Wéubsﬁ‘tﬁm}ﬁ HoW tHid @b ﬁﬁe@ﬂﬂﬁ:ﬂé %hHugbsn%ﬁs VR Labézﬁpuon into the
(low anyl ose) varieties thereof rticularl

Xy
body s ‘i’.?@éf‘@ﬁm SYRPNC 8RNy n@rigee InpRiding, Sﬁﬁtﬁhafyé’e @eﬂ@’é%@aco"ﬁ?fd and granular
compositidn/&RforMatishs@well as reagent type, and reaction conditions. The rate of digestion is

also dependent on the way or manner in which the food is prepared and the reaction of the individual
to such foods, including variations in each individual’s biochemistry and physiology.

The amount of crosslinking is dependent, inter alia, upon the starch, the crosslinking reagent
and whether the starch will be cooked out prior to ingestion. When crosslinking reagent such as
STMP is used, the amount of crosslinking is measured by the bound phosphorous content and, in this
invention, is present in a slowly digestible effective amount. In one embodiment, the amount of bound
phosphorous is in the range of 0.10 to 0.35% bound phosphorous. If different means of starch



herein, the term'Waxy' or "low anylose" is intended
to include a starch containing no nore than about
10% particularly no nore than about 5% nost
particularly no nore than about 2% by wei ght

anyl ase. The invention enbodied within relates to all
starches and is intended to include all starch

e 524855, HOSRHEAR O P 55 BeBP Y e tcincyan

leve! of inhibitieedi ng. However, high anyl ose starches, that is

starches wit reat an 40Q0%  anyl are t ,
g st i i s B e B Frayde pETL R Gl SplRt grvaigy gropertes.
The addmdnawma@m@rﬁomyhﬁ m:ermgrsadd By¥fotd @raé;ﬁeﬂgwtermssum«ﬁgfmmhnoﬁ depending
unc ona

upon the tiperc) ARE R MSHEBUEY | WRPG beaHBiHng KoPwBYBa el Sitegyartsan as to

what combinaBorfst &6 @Bséuqe AnPIOEIRE Drdek BRMMb@fidatio hag be rabd:chh;s:isnéu Additional
In one enbodi nent, the reagent is selectﬁd from

modiicatioy Ty (ISP STPIRGUIAT el BRHAPR (SERATOSRcRCEVSS0R, dor enzyme

treatment, bﬁdj B@ds&ii@h@ﬁ RARDpRPyRAE osigePORkINgRAe bligs eb), oSleaisuccinic anhydride
osslinking nodifijications are known in the art and

(OSA), aC%Y'@'%e%’@ﬁ’@"@@da'TdoqexB’B@%?ré in Mdified Starches:

ModifRBESs! &Sde@ﬂged-’%%ve &d. tyb/‘é'él@té&:&npl@ﬁgd Iy ﬁg§eou|sr}ﬁedna with some
Florida (1986). One skilled in the art would recogni ze

form of pH gentrol gy puaeiciwsﬁ@e@the/\ Skied Peslitemat verld Teadie aithe variety of
materials éntd &@bn@ﬁt RPEairhE oliOh¥&y ﬁéa&tlb‘ﬁs' e la r@ﬁgw ro?‘ﬁHe‘%e ‘?éac%n conditions,

Irtution vs. Tono-substitution.

see Mmm_ﬁmmmm_mﬁ_t&@géd Wﬁgbta@x&%@?msgt hngn qunaﬂa; (1986), chapter
4. Other r@é’&%n 'n?ed% m@hloh@%y% llézfeﬁcahprvﬁll braGiby didistiafd dHdePthe scope of

0ose content,
the mvenh@@nﬂ@@etmaﬂvﬂee buifaie fat lm&edat@. di heat sgactiensy eplventypactioan gupercritical

fluid reactugr%aéﬁd O%Qe&%wnﬁh@ﬁ‘ss The rate of digestionis also

way or manner in which the food is
Trpr&t@falmdman@etm@dli«@a@tthwr@wla Istateé adalerdisddtinizationsuging techniques

known in tﬁ’é)%?]t Igh %Qérﬂgqu‘égf.hah{:@@ﬁo %igég%ghﬁgie\é(%%%@ i U.S. Patent Nos.

em'str
4,465,702,c5,08592918, ‘r&j 95, aeqbémdlérﬂ% |AdsceseeaIGmptanp®¢hl t'"Reduction and Use of

Pregelatlm @"S?aECh" EE@ %bjsﬁlka( 4 fe%ﬁgcﬁgé)q, V%P Ié ?&s&rﬁeﬁ gcﬁs R.L. Whistl~r

and E.F. Pasd&ﬂl!idtﬂ@rm@cac&geﬁ’te&sméw Asrk 18B6RP i s used, the armunt

Th%g%tgnrgﬁéss l EH% epﬁcimnﬁ\% ;h?egqq%ﬁécpesggrbtéggfgp c{]l?/scﬁ oﬁing starches
prepared sy ongmOdu gadthydroeyses‘ feeztmnes bydroiysisit heat —ndie aecdbdmktrmmation. These

ocesses.ar @rgrl‘mt .of, ynd phosphorous is in the range of
process s(? ‘itﬂe Wnéga}‘eo%md phosphorous. If different nmeans of

Thet stach méy beh:lulnhéd byl aay eneting &ryodh, inathe earnt revrmva&ttdrrohisoff—ﬂavors
t.0.det ef

colors, or gmlzelriergplag?oq?%lpg o[nI t8ﬁnsuuﬁ1 ogtsgfpﬁyea%rﬂg ‘?SJFP'F] gpm)ﬁonents that
are nativeniocthé istalch or preavdddeurthgsproeaskiegt eSuitablal pusifichtion ppboessesator treating

starches %ggd%%%lfﬁne@eﬂé ?gg %te&[%%' Prgofg ed B?tEiPOESWB kﬂ?asica, et al.). Alkali
washing tectodples rdce raglﬂmhséiult aroh delepiberdlimehe tapoly dfhmatentpeepbsented by U.S.

4,477 4803%9 V\} L:g&% 1???2 %aﬁ?xn% a| )i t] S;éﬁgrggﬁ}ay‘ btew%ﬂ échﬁy enzymatic rernoval

of proteing dﬂtacnam inymsities angiospioblicds enagl berrembnad yrdidysis dittation, centrifugation
or any oth'érpﬁl-ie{hios %5\93 TiRiats aﬂ%ﬁg&&%' d.n%n:%gcen'ﬁgmgt étgfgﬁllcompositions. The starch
may be washed using techniques known in the art to remove soluble fow molecular weight fractions,
such as mono- and di-saccharides and/or oligosaccharides.



nodi ficati ons may include nol ecul ar wei ght reduction

such as acid conversion and/or enzyne treatnent, and

substitution with propyl ene oxide (PO, ethylene oxide

(EO, octenylsuccinic anhydride (OSA), acetylation,

oxi dation, and dextrinization. Mdifications as

descri bed above are typically acconplished i n aqueous

media with some formof pH control or pH adjustment.
Theveskitant gterchisaiypically awisisteddeithe desizadi pH/acepfsingctodis éntensed end use. In

general, the ﬁH &rfus?é 1o & AP BN SrqéJérH?&{}herttofhe IE%HEJQteG% 3.5 to about

eac ITons.” For a review o ese
4.5, usungtemnnnﬂues lorosvn in heaartMbdi fi ed Starches: Properties and

Th%%%ﬁqh rﬁgy Rg\lf&[ﬁzqﬁgrreg usmg Fnc?d%sknoln/mn eFérP dﬁ(ﬁl?dit%%ﬁ}@ut gmitation by

er rea Ion nedira and con
filtration or byt drlying daclhading spray drmng,vfreeee dmying,rflaah gryingabe alrtdmmgscope of

o SR A s B B et i

the first 20f hinutds roeatgesmms mmmegemm]iuserumhellsuardnss leFh thant 20% ldigssted, and in

,berm n tate Qr after
another emga%%wﬂ?sfj ﬁ&ﬁgigﬁat 'evg{q'ﬁﬂﬁ‘ﬁ@@ BWI§Sin the art.
Fulhve hthb&@MaﬂﬂJﬁsrch neidode 70f0gigedieds witits ed0froinutex ammgestidn In one

embodlmeréJ %ggstairg@ is gt;\gast zg)esék/gggﬂ?ggép @@%,37 209%}%9&5;0%7% si%l a[jggu another

embodnmemfat |é%"s¢w5?msmlg&@bosmwmmb mifitas, ch Chem st ry and
Technol og | ndustri al

In RGN np Tespastanh 2k EASHADYS digRI< BT MAEARfaies of gestion. 1n one

embodlmerNeYMeY%l%thﬁi leadieros/!; Qidébt@é wathirt bis rmmMéQTo\‘ @MyeS®n BRY in another
verted idity or thin-boiling starches

embodnmerﬁr @Daéllqg@t %%&g@ﬁd, \wﬁnn g@(p @|W§Q§r@dyg,y§t a@cﬁwrpénbodlment is at least

90% digest3d Witkh¥26 findt@at and/or acid dextrinization. These
processes are well known in the art. The starch nmay be

It wawd e eppamgpt ingneniiliRd in the gmqt poaking agstarch wilk afieptthe dlgestlbmty and
rate of absérg%rpcyf 1 §Iuéds@\ﬁ% fhe biSH . @br SRl &‘?mﬂéff‘e(:?&'c%kmg see Brown,

tam nation to I nsure “safety or ot
M.A, etal. lﬁﬁ!d%’fsdquawll@ffitﬁfm@@n%ﬁg3€ﬁé&003)are natlve to the starch

In %rresérﬁzzfafe% gpﬁllcg%rpré?%?‘%{ 90 §%b§f5&)ﬁ5@k'ﬂ h gg@b%@{ﬂ%aéch 6, 2003

roces treatin starc es are scl o
incorporatefdahweuybyofefq;arn@nths relemble e e yesikans Starcd 1apd (Ofees cerponents in the
al . .t )
oocs,suofhs ol 4L e B0 B0 B3Rk ag Kl esponce
(GR) and blgo8 glucdselievelsl80 (Sei del ) and 5, 187,272 (Bertal an et

i s T8 cBAAREDL 07 Bin Pl { Bt SREHID 4t BBRYGI n o ros
product. Tés floempmmicbmayd balnyemlmlatéd {ot reauli mrdesmm]gluccﬁaegateaw cur@és. In one
embodlmegf;%hcee | ngB@gt ﬁvff'gm) n‘%oé h?rf ga |aI y.r%eéo §?A§? g#@g%gp?eﬁée curve, to

provide an\msémmllwmgnt auhsustpires! dunose relerast—:- hateart to renove

sth Ul S Pl SR o P HbrL LRSS BHGDR 11 e, but are

-sacc es an r oli1gos ar|
typically conssioriet aafter spdﬂ@m and/ot gihiec atocyssing ushezefotey thénénveptixnr isdntended to

include thcﬂ:'é' ﬁ&rgﬁésd\ivmgh.tﬁnént §doje8t1§ %%dan%rmoééged,lh%ve the advantage of changing
the glucose release curve. In one embodiment, the food containing the processed starch provides a
substantially zero order glucose release curve, to provide an essentially constant and sustained
glucose release rate. Such foods are modeled by the methods described in the Examples section,
infra. '
The crosslinked starch of this invention does not produce a large rapid increase in blood
glucose levels typical of a high glycemic index starch, such as most native starches, but instead
provides a more moderate increase above the baseline which is sustained for a fonger time period. It



general, the pHis adjusted to 3.0 to about 6.0. In
one enbodinent, the pHis adjusted to 3.5 to about
4.5, using techniques known in the art. The starch may
be recovered using nethods known in the art, including
without Iimtation by filtration or by drying,
including spray drying, freeze drying, flash drying or
air drying. The resultant starch has an altered
may also be|pepsass elerait oF thakther i motlarge andsapiq ingieass i blgodiplyeasedeyvels after

ingestion oWn_BE‘SBntaH?\% tﬁ% %@rc@@ndﬂh@%&%s@feléa{éget'ﬂﬂ fHe; préﬁ‘ar@@%nd/oa processed

I ment e starch is less than 20% di gest ed
food is substantialiyéongtantenbodi ment | ess t han 10% di gested, within

Th%%ﬁosfsl'ir[ygg/o #OnAbied SBirc FH( ‘H?aneﬁtlbﬂ 85 We' aégd i Qrﬂﬁe‘yﬁof edible

gested Wt tes’ of est |
products |r@h1émge|lvbbdomrmted ncn@xe@rg@hd&sm@wdm@&sackw@r o%ads, muffins, bagels,
| e n i . \
st oSHAESHE LA LARTLRE Sl FORCHHETBRNE pong soura
dressings amidt snonna_me drassimge;spie Ifilingsldgludimg fruihand ereait Hilngss tsawaes, including

white sauée% est h%ﬁ%qsﬁg(@ﬁ}cg?%gﬁ a\@' Erbéeg %%%c%@ar@%ﬁgs oﬁt{e ?yé%losst puddings;

nent, Fhe g
custards; yb@%s;hsgesbﬁedmm bhvaragss) mduulutgedamyfbaser@@sﬂerageaargjhziea; condiments,

is at | east 80% digested within
confectnon%%%tapr?ﬁwpg ??8“&1 yet anot her enbodi nent, is at | east
EdBe2prddgrs tlsd isnintemided i@ clodenutetonal toode ahd bb@rag;qsammding dietarv
supplemengsl?fcﬁ%%n? Eéé’!)@fcgsegﬁrotgﬁﬁ?? gh{]am ? gwlé@pggezesagt?g%qccg \é\"%fsports drinks,

nutritional thdheand emgebarato the bl ood stream For a review of the

effect of co ee Brown, MA., et al. Britjsh ‘
T SRS o RITOTEE S Gt B a8 hSech i ity 3 i fged procters,
weaning feraduRitibnRIfbidat dedirablr giwttetand Ldevelop@@AB b0 Gb padAleaned animal,

onarmace KAl PO RGP ER B QYR 1 BRSO G PETPAFRIORD bl capsules

and other 2P<Hé*¢vr(i>tdh!2{1 d6INBBONENEISs KFdt fiUmgan BW&Samﬁ\HPBorﬁb‘@m\bﬂbh QA8/or any other
ave an effect on the digestibilit ycem c
application H@ém gt gy coatant Felegssiet Buco RO e fwﬁl&a'om ucose
Tth:Y@dsﬁnke@t@ﬁﬁthbute“d stafch | ifa\ 66 BdBBSH i8Ny bﬁmo@ﬂ%esbé‘& of Hecessary to
pically consumed as an ingredient in a fo

obtain the SEIGRAIY ¥hIP$ FOSERPSHPBALB(NRegTRRITIEN [ sifieh may be added in an

amount of rfr%ﬁ“d) 91%%%% b?@egjh%f’ﬁ% doﬁ'lp%éﬁ@rm Ch'\ré/rﬁ)?heﬂe'ﬂwt%ﬁhent the starch is
nbodi nent, th i's mani uatedto rovi de

added in a8 GRS 1AM yt%% er»u%@htgnf ﬁ@&@@pp@n@as ecaifigh maycbe added to the
|
food or be\férer | i LS HaRkras a)ﬁl);g s (’r}{? ?PQEIWJW rﬁlxﬁwgﬁjsugélﬁ@ﬁt%gge product

ease rate. Starch et er |
or adding it indbe &rimenf ape!.c Hnks adield Areduch@py condgin sdditienal bompenasts, for example
water. typically consunmed after cooking and/or other
processi ng. Therefore, the invention is intended to )
Edibir pieddcts mayedestodmi¢ipied Uaip cressiitked oaidiied star@oyhighevill provide a

substantlalﬁf&@@§r%@ﬂglu£&‘éereie9§e CI0Y a@&cﬁ%o&fets@hé&“@o@@e tGorBLIMEPHEN glucose
rel ease curve. | n one enbodi nent, the food containing

over an eXteﬁéeq)waeegwaarsdtraw@womtw.bdﬂ@éi Qét’°°§%l§¥?'ant ially zero

Prédudey whicH CRRfoll &1IRASEgIAE MR rdt® aRf AMAdHRUdEN 0f §1B66Yel @dsbdption may
) constant and sust ai ned
increase satiety for longer time periods, and thus be useful in weight management. They may also
provide sustained energy release, and thus enhance athletic performance including training), and
improvements in concentration maintenance and memory.

The products may also provide pharmaceutical benefits, including reducing the risk of
developing diabetes, treating obesity such as weight loss or weight management, and preventing or

treating hyperglycemia, insulin resistance, hyperinsulinemia, dyslipidemia, and dysfibrinolysis.



gl ucose rel ease rate. Such foods are nodel ed by the
nmet hods described in the Exanples section, infra. The
crosslinked starch of this invention does not produce
a large rapid increase in blood glucose |evels
typi cal of a high glycem c index starch, such as nost
native starches, but instead provides a nore noderate
i ncrease above the baseline which is sustained for a
EXAMPLE$onger time period. It 8 may also be process tolerant
The ﬁll&ﬂﬁé {(Q‘ﬁﬁl s br% d?@se'n?erdqs f%@r irlfi'é?i;a?’e érfbcé th'e?r@eﬂpﬁvennon
eve I'ngestion o
and should@btatv&:hkemds hmenglnmsegafel éHasercwrtemetdrme pn@pml@fd/welght basis.
and/ or processed food is substantially constant. The
crosslinked or inhibited starch of this invention may
The followitxetestgdcadores arauset raghedittd examptesduct s i ncl udi ng,
but not limted to: baked goods, including crackers,
breads, muffins, bagels, biscuits, cookies, pie
Simulated Dlgelsttoa (&n gvstaétas EwereanlJouipal of ClipicalAutritipas t 892, 46,S33-S50)

gt SRR PSR BEY R B BT Rer o

particle sizé iot iawgﬁcrorﬁsaamees Al 300-8.00i @ + mmntgeofsampwsambhed and added to the

sample tubgia {1@@9)?% %gps B@%?"ﬁg’g’%b g@rﬁ &(? g"zg ?,—Eﬂé&f ?@ Nﬁg"g‘@ |on |s added to each

tube. creams; beverages, including dai ry based bever ages;

| azes; condi ments conf ecti oneri : and .
Ble G O e AR LDRS S BbHed: THCRagh & o8 il adgber containing
0.25 M sodiu# ébétbt@%b of@mlaalannﬁh dhtanaé 2G8Gosel siftlde lisge Biephmsdyby mixing 10 ml
ement s, i ¢ products, products for sustained

sodum acg Byfter é%sggeeds,a%veésangpml S §0i ARE iy jsplufpm Standards are

prepared iP@phcaig@d energy bars. The crosslinked or inhibited
starch may be also used in a variety of aninal feed
The eaeNmRe X is RERI DY AGRY 1 9 ShrOTaINe HRBGARINIES M Bt 7§45) to 120 ml

of delonlzeﬁbr el ﬁ\%gdﬁ‘v&@'t%m%@ﬁtnﬁfglﬁghﬁ FRY BEA0EHinaRs Mihe sgpernatant is

har maceut ical formulati ons, nutraceuticals, over

collected aa%eﬁmepf Qrwm)ertm@m -4704) anch®b &t AMG Edayelordighare added.
Thetsaﬁbnem@éwarerdaaln@sba\ty@wswehbr%c%.nf Wenh@%@e@ﬁ%%%b?m and 10

ani mal consunption and/or any ot her pp i cations
ml of sodiuss Acaietf dffer isragdaed alaag Arth dlask dak¥marblesl (trcaiddn physipat breakdown of

for i 0R. The crosslinked or inhibited starch may
th dif ﬁ): . .
esampleben%é@%& any anount desired or necessary to obtain

5 mhef thgre@zymzmixtuge iefadtiee ta thepwwipldso hlank narshgtandards. The tubes are

shaken hoé;{gg %"ﬁ€§2'°d ‘%‘8%@‘;&\%@%{”&%‘9?%%&6‘%@& tﬁﬂg%?o”%presents the

first additioambtheenzgn® odxturerto thetfingt tetear ch i s added i n an anount

o 50500 By 450 B P SRIDL By Fl sarisanc
placed ints arsepanateniabe b 28my 66%hasharst étpcsmp thy pieactiohly After rti haungan aliquot is

Cenmfugecﬁgt@%ﬁéé %,mgmn% product or adding it in the form of

e edibl'é product may contain additional
The diifrose RoRCENtrationeinaREh dube is measured using the glucose oxidase/peroxidase

method (Megazyme Glucose Assay Procedure GLC9/96). This is a colorimetric procedure.

The degree of starch digestion is determined by calculating the glucose concentration against
the glucose standards, using a conversion factor of 0.9. Results are given as "% starch digested” (dry

weight basis) after 20, 120, and 240 minutes. The experimental error of the test was determined to be
+4,

10



wat er. Edi bl e products may be fornul ated usi ng
crosslinked or inhibited starch which will provide a
substantially zero order glucose release rate. Such
products nmay provide the consunmer with glucose over
an extended tine period and nore constant bl ood
gl ucose | evels. Products which control and/or regul ate
the rate and magni tude of gl ucose adsorptjon
Everycsasmpe adab/plst tgatcffbancmsiﬁ@ear r%ferﬁecepéﬁma@sof HRRPOKEA SORstarch. The
accepted ratRfe{dfks HifestRh YRiuesRIRERERIG ard:ney may al so  provide
sustai ned energy release, and thus enhance athletic
performance including training), and inprovenents in
Time (min&%ggbemrati OBy Tl MU ENance anqzfenory. The prioggets nay
al so provide pharmaceutical |benefits, including
Sample 1 (cemiml:)ﬂng thelgidk of devel ¢9BPnrgf di abet es, tr%%lti"rng

NEloge™ S BT R OV T3 Ry per ) CORPie NWER| T, CheriEdl Compary

Bridgewater, 8$,i1884ance, hyperinsulinem a, dyslipidem a, and
dysfibrinolysis. 9 EXAMPLES The foll owi ng exanpl es
are presented to further illustrate and explain the
Bound Phgspbsrestinalgsient i on and shoul d not be taken as limting
LN ard., All pe are . q
PGS T hari otuikp I SHmE0TA BElpht 8l By sunaug dLer. Wash te

sample orathe fiteedith fEromuughoUtjenbheedawamplf@s tm&smlﬂratsadxpla ge@bmtemperature

Prepare qm{ Ert}??l%ﬁt’/o ité sltﬁ@fﬁé&@\? %@B)a‘c]@%:g@ggi 5 ‘a%san rbeoa} the sample for 7min,

cool to roo@ tethperafire, Ocﬁﬂnﬁt%tuieﬂy tiRss wicledetshizddavalen cartafugh tsempleany possible

particulate; eflgscszé\n@lglggs égqgw ﬁaal :%rdtl )ﬁ&%agtwégnrgp@%q(g P\ﬁécr og;aecgﬁawetry ICP) for
phosphoruddfieg ét@nda'?@ ané@mal Qrdcacﬂlﬁes ﬂcQotEtthBtaﬁb@tﬁRiSpﬁbsbﬂorﬁ% ,Added bourd

solution is

phosphorugé%ﬁetgrtmd%eé:l bygf@?,l{gctgm,gdglc, Qj:é@g QEQQ@HﬂJéroathgl,eg starch from that of

the modifiéd @padhed. The blank is 20 m of a buffer containing
0,25 M sodi um acetate and 0.02% cal ci um chl ori de.
3 ucose standards are prepared by mxing 10 mM  sodi um

Model Co@@e/tmg@mkmf)&g&stgﬁl,escri bed above) and 10m of 50 ng/m
ucose solution, Standards are grepared in
Aprocedumﬁﬁsp&gdebelopﬁyagfpygf@d t9imoqes pispargaereef agpkigsidi ng 18 g

Measure n@élstgt%rcﬁ'eﬂ;?er%h‘l‘dl%é?éﬁ’gréﬁngﬁﬁalﬁl 7545) to 120 m Of

dei oni zed water, mxing well, ‘then centrifuging
Calculate gpoay of additiopativatat equirerte agup@hel aleehtto jagnoigtarel Q@@te@lef 25% (wiw)

which is aﬁ@% éﬁ%u?é leJEMof &%ﬁl@ta%%l S?e%%?l 4504) and 0.5 ni

Nor di sk) are a he sanple tubes are
Weigh 50gefestareftintsad Bxing b@av of & Suniz@mMixmastesiowenoivied bfadesrintthabow! and

turn the mP(@H?'n l%rgjf(%(p ofitioPf sodi um acetate buffer |s added
l'ass balls/marbles (to aid in %/sn cal
Begin addﬁ:p@g p{gmlcylated amount of water by spraying the water onto the starch while mixing to

ensure even moisture distribution. Complete water addition in 5 min.; continue mixing on ‘fold’ setting
until starch does not stick to walls of the mixing bowl. The total mixing time is 8-10min.

Transfer 50g of the hydrated starch into an aluminum tin (145mm x 120mm x 50mm) and spread
evenly to cover the entire bottom of the pan.

Preheat an oven to 190°C.

Bake the hydrated starch at 190°C for 20 min.

Take the starch out from the oven, place immediately in 40z (118.3 ml) plastic jar and close the lid.
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the sanple during shaking). 5 nl of the enzyne m xture

is added to the sanples, blank, and standards. The

tubes are shaken horizontally in a 37C waterbath at

approxi mately 180 strokes/mn, Tinme "zero" represents

the first addition of the enzyme m xture to the first

tube. After 20, 120, and 240 mnutes, 0.5-nl aliquots

are renmoved fromthe incubating sanples and placed
Cool the stamsh ¢t @osetpmpatatre abe deterr@0erinoB8ye et hekedlistaf¢tograviowtricaty. The
moisture 050;8%8 8“ ﬁg)baiég %}?{]CH tjsggl%' maQ %EAOQH\Q)L@hQ EQH QEM&% &bkies and
biscuits. each tube is neasured u3| ng t he gl ucose

0X] el per.oxi : A ,
Tt guoofy EBRE AR AL B35l 8P AP ST 509 g v
following ddhe degree of starch digestion is determ ned by

cal cul ating the glucose concentration agai nst the

gl ucose standards, using a conversion factor of 0.9.
Example 1Ra§9barat|cafaglbseﬂanka138té%s$ arch digested" (dry weight

i after 240m utes, . The .
Sample 1 %%%’Pf SRR PLRIChe &Ekﬂgebﬁfﬁfﬂb copEery ga&%iaskeﬁma'a?%‘%ﬁfafch and
Chemical G&npal@ ErVd@feWaﬁearﬂRJ @Sﬂﬂéﬂ ysi 3 bat Chtl nC|hUdfT‘_S a

e ncoo e cornstarc e

Sample 2SR T0R HABE BE UTE AR ARG AP eSO N SEr Rl Baved
with agutat|6maﬁ&|§tﬂ*ﬁédttﬁﬂl %&Q)lv%éo wlfﬁagmb %gﬂatl()ﬁ cm@cmgl dorri&éroﬁ%r@@éded and

(0] starc cor n tarch Cla
then 3% NRGHEAsACOS HIoBHVSEIP BhaHiTE aF NEBH N Fach AT LkalaNg acual Be7g

NaOH for Moomi%ﬂ«anﬁtw nthPkiospihas slt&reemathrmushé:ﬂsreme @ecbrc?e%(ﬁl—idﬁ f6). The
starch in S%QeEDTA sol ut| stir

temperatufdyged kel BT TR0 RS S TMEIST PP tnndips Aobig anp atigwed to

react for 4ﬁ@ur@n'Tﬁ@ﬂné[t@HQ{ndftQMbertahfr'@ﬁere%&or@é&‘(ﬁhﬁ 1802 &rR4pe C? The pH was
nper at ur e. Prelpare uantltatlvely 3% starch slurr

adjusted 1g 5,3 A HCL@H B ¥singy 164 WeeiC). aFhe Beyiiant Harcs saks was Yfered and
washed thc@vmh 2 S0h 18 WaRPIThe BRI Ads i bl B 8H hit afdqvel y dilute

eloni zed water, centrifuge remove any
Sample 3 p%e‘?,c? Bl of tapwaler was steasures @t%fﬁﬂcm esseler 0ga NRySQvesy added
with agitatlbﬂ @H&Einryrﬂ MntiCALRIRY, 'WI OZTFédgyco('rln Qg)chfv%re added and
horus using stand I'cal procedures

then 3% Né@Ham adged drapovinegl tOpth9§|ymzs aageemc!@dea@b 4Aa! albﬁ@ép kﬁWaﬁaOH for
44.00m| alkﬂmﬂ)ﬁtn g@g}s@ﬁg vmétsgf;ﬂg f ?fg%megﬂt s @gﬁg&a n@gfﬁpéebgf Yhe Wmperature
was adjusted 40 ¢27C. Qe of £ ETMP/BTBR blend mas @ddydarghaliowed to react for 17
hours. The final pH and temperature were recorded (pH 11.32 and 42°C). The pH was adjusted to
5.5 with 3:1 HCI (pH 5.57 using 146.88g HCI). The resultant starch cake was filtered and washed
twice with 3,000 mi tap water. The cake was crumbled and air dried.

Sample 4 - 3,300 mi of tap water was measured into a reaction vessel. 110g Na,SO, were added
with agitation and stirred until dissolved. With good agitation, 2,200g corn starch were added and
then 3% NaOH was added drop-wise to the slurry as needed to reach 40ml alkalinity (733g NaOH fc:
44.14m! alkalinity). The slurry was stirred 1 hr and the pH was recorded (pH 11.71). The temperature
was adjusted to 42°C. 220g of a 99/1 STMP/STPP blend was added and allowed to react for 17
hours. The pH was maintained with a controller and 3% NaOH (556.6g consumed). The final pH and
temperature were recorded (pH 11.19 and 42°C). The pH was adjusted to 5.5 with 3:1 HC! (pH 5.49
using 285.38g HCI). The resultant starch cake was filtered and washed twice with 3,300 ml tap water.
The cake was crumbled and air dried.

Sample 5 - 2,500 pounds (1134kg) of tap water were measured into a reaction vessel. 100 Ibs
(45.4kg) Na,SO, were added with agitation and stirred until dissolved. With good agitation, 2,000 Ibs
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A procedure described bel ow was foll owed to nodel
preparati on of cookies. Measure noisture of
experimental starch gravinetrically. Calcul ate anmount
of additional water required to adjust the starch to a
noi sture content of 25% (ww) which is a typical

noi sture level for cookie and biscuit dough Wei gh 509

o0 240 o RSB R e S R BT b g o e

starch snurry Qs deedidad @ reﬁﬁﬁﬂmmmkalim(dbomotlb@(E?QkagI RaO#l feuh@hedlkanmty)

The miurg e} BITA(PhG " A el BORPa GHL1 LBy bl es oesisd o 108°F

(42°C). 20@%}9@@7@ \Weh ©b/1aRIMR/STRPIbiend wWord addedicatidi readedriox i MGoo®. The final

pH and temgeraiute W1 96 SOMPY OGO WA RGP vias 2 lspag it 3:1 HC

as needed TﬂSWSSAf @é‘ng%g ltssf Hdn@slkggr athebtEtRnal washed and abmAfugedon a Merco
5mm X nmm and spread evenly to cover
centrifuge %ﬂﬁ'é‘aémtji*?de bottom of the pan. Preheat an oven to 190C.

SaPples st bey 1'13'7?"194 8g aﬁBQB%r@ﬁreﬂ%@bf/ He s?aQnéTerCedWSS §41Bple 3. The

starch out romt he oven, p ace i nmedi at el

amount of QS:KIL@TMPMPF}JD!&@@ was paibstante repéisdn aldes'rqdoboumi phmbpwﬂﬁcyel
Sample 183536@%ther &Rk fré?aloﬁ&’#yr%%&le A\G NE ekt é‘do‘éﬁ with

starch gravinetrica noi'sture content
agitation andgiree ket digsaived S0bmPistayeh wnreaadyee% tharsalt selulieie %N@QH was
[ t

added drodrvzﬁségd;fgﬁghr%%th%%ﬁé Sﬁﬁa@gr?gs P&%ecd%H id lseacﬂ_gﬁ 1 19f1u§0ﬁ’?e slurry was
stirred 1 hraind thel pihwag casoededdpH f1 43}, e%?glqﬁﬁqqlnewasaﬂdedmﬂgllm to react for

. . - L ALCH
30min whﬂ%@rﬂ@iﬁréf)m éégrfﬁé}g‘{uar c pﬁi}r/g Qﬁ?jfété@{éte%? gﬂhtﬁ‘ AN&E). %Qpéﬁlltant
starch cakecwasiidtecdcedridywashad tveibé mtlﬁ Fiﬁﬁrml\la\pmmtml T8k sakehwashcrumbled and air
dried Chem cal Conpany, Bridgewater, NJ, USA Sanple 2- 3,000

' m of tap water were nmeasured into a reaction vessel.

Théd atguNai? 8&dn dyeiros plaatde dnd e tamoani df gluicose @iedsed wereatibtermined for

each of helHepare e e b SRRE AR dekady """
drop-wise to the slurry as needed to reach 40m

Table | al kalinity (actual 667g NaOH for 44.00m alkalinity).
——— The slurry was stirred 1 hr and the pH was recorded

Starch (PHBanpl&t) - TBFMAVSTRFEr at ur go@s ad) USt efilicole ﬁ!@@asé'a(?@ﬂ‘(%)
of a 99/1 STMP/ STPP bl end was added and al | owed

Base react for 4 hours. The fi FAPSHAUend t enperat ure were

recorded W"{"/&En@tﬁr@'}‘d AZ0) (ke PH Wagminad] USBEHin 240min
Beowith 3.1 HC (pH 5. 47 using 164, 999 HCH 1he
Dentcorn resul t int st ar ciNateke was fi0.0éred and17 75 85
Dent corn 2 8 0.12 17 71 80
Dent corn 3 8 0.21 9 48 62
Dent corn 4 10 0.31 1 8 15
Dent corn 5 12 0.40 0 2 4

As can be seen from Table |, Sample 3 shows that starch may be crosslinked using a
combination of STMP and STPP to result in the altered digestion curve of this invention. The
digestion curves of these starches are depicted in Figure 2.

Example 2 - Glucose Release in Model Food Systems
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washed twice with 3,000 mMl tap water. The cake was
crunbled and air dried. Sanple 3- 3,000 m of tap
wat er was neasured into a reaction vessel. 100g Na2SO4
were added wth agitation and stirred until
di ssol ved. Wth good agitation, 2,000g corn starch
wer e added and then 3% NaOH was added drop-w se to
the slurry as needed to reach 40mL alkalinity (6679

A varlef)laﬁ]daﬁeastarchés @6 madifiedl usimgtSTMP/ITRP ataordiygiashes pemarald 1

procasre o R0 | A5 WP A Oy S AT e

starches were tested cgittiedasindr mlrhadettbod systeaxt for 17 hours. The

he regEre R bER B Pt Ed“‘fée 505 wth S G (pH

Lot Sl 1 -4 6 Q.0 cr L) vmuli-nni- PN BN ol

aTTl

Sample | BaspStarfhy AR %@'}i dwos?r\flanése qgie 00 m‘T 1’!'%“" “?2_12‘86‘mm T=240 min
# The—¢ 5 —Samp-e—4—{ 3,300
m_of tap water was neasured into a reaction vegssel .
1 Dedtl0g Na2S04 wer eNddlded wi tlh agiNtAati onl andi8sti rir ed 80 85
2 Debti | dijssol ved. NYi t h good |agi Cabkien, 2, 2889 cdrn 73 80
3 Dett &I Ch Were addegand Ther| 3% NaH Wals added 07 60
ERN T el I S D "ee¢§§!fé~u ey heS 75
S Desqt ULy was Qfltr£ﬂ41 he.anag E Qsﬂﬁ\/\nc recdrde (nl—‘i7 56
11.71). The tenperature was adJ usted to 42C. 2209 of
a 99/1 STWMP/ STPP bl end was added and al |l owed to react
Sample TOr I7 NGWEF BodfePispNGias N | ntained Wth a controrrer
# | Ba8d'Gtartp NaOH (556.fg consungd) . g fi nﬁ'T;@dr'nﬁfK‘d T=120 min_| T=240 min
tenmperatiure were- 1 ecoraed (prl T 19 —an me—pH
=\ i S—t—ed~+6'—5—5—w{h31HG' pH-5+49 uoll"
H'QE 7 HCl ). Th '&esultant st ar, &P akevvaﬁfll?er
6 Amy.?ée 'fe?‘v/ﬂv'.th 30— tap—wart Thejcake 30
H' (57 bI ed and. ajr dried. S le 5 -| 2, 500 pgunds
7 24lkgi-oftap \M—%ﬁ%ﬁ—#—nw—a—p@a tiorfS a7
H'Qﬁe(gé%(fr 100 | bs (45. 4kg) ‘Na2SO4 ver e pdded wi thh
8 h.and st Pe8ed untill disdved L \with gnﬂd 13 16
?%@l_ljn, 2,000 Ibs 12 (907.2kg) of korn_starlch were
9 An’h/ en 3% NAGH was added £0%Kehs/ hi nufe 16 18
(1.8ka/mnute) to the starjch slurry as needed jto
10 Tapieech 40pil al kal iNaaty (about 60QyAbs (R72. 8kg) |[NaOH2 52
11 | TabiBka 2406 N| alkalTgiiky) .  The Mok Wap Stigred Toryel 58
rand the pH Tecorded (pH [IT76) Tenpgrature was
12| WagBinsTon bl ond BMite added jand+Wacted fordi7 Hous &34 100
13 | Wamy@om nal __pH anf-3enper at uire Wwopker echrdely (pH 1159 60
14 Wagdom08 F (420)) 0.40H was adj ustCedkieo 5|5 wizh 3: 1 HOl 36
as needed (pH 5.4 using 75 |Ibs. HCl (3#kg)). The
15 Ri& arch was washeg@ {and centrji fugegaon aj Mergn 55 68
centrttuge and fTash ari ed banpi €5 8,19, I, 1317,
T T T A P P AR T/ LA N N &2

T C—O~ TITC T T

adjusted to results in a desired bound phosphorus
| evel .
As can be seen from Table Il, a variety of starch bases may be crosslinked using a

combination of STMP and STPP to result in the altered digestion curve of this invention in model food
systems,

Example 3 - Comparison of Crosslinking Reagents
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Sample 18 - 750m of water was nmeasured into reaction
vessel. 2.5g of NaCl were added with agitation and
stirred until dissolved. 500 g of starch were added to
the salt solution. 3% NaOH was added drop-w se to the
slurry with strong agitation as needed to reach pH
11-11.5. The slurry was stirred 1 hr and the pH was

recorded (pH 11.43). of POCI 3 was added and _
Thexdlipestien of eorn aeasifief ayith S?gﬁf/ﬁmﬂfmm Etample hyaacompaied with that of

commohREERLA Sy TR R 5 0P Erath o Soy

twice with 750 ml tap water. The cake was crunbl ed and
air dried. The anmount of bound phosphorus and the
anmount of glucose rel eased were determ ned for each
of the uncooked starch sanples. The results are listed
in Table I, below. Table | Starch Sanple | D STMP/ STPP
Bound G ucose Released O T (% Base Phosphorus (% on
starch) (%9 20m n 120m n 240m n Dent corn 1 Native
0.04 17 75 85 Dent corn 2 8 0.12 17 71 80 Dent corn
380.21 9 48 62 Dent corn 4 10 0.31 1 8 15 Dent
corn 5 12 0.40 0 2 4 As can be seen from Table |
Sanpl e 3 shows that starch nmay be crosslinked using a
conbi nation of STMP and STPP to result in the altered
di gestion curve of this invention. The digestion
curves of these starches are depicted in Figure 2.
Exanple 2 - ducose Rel ease in Mddel Food Systens 13
A variety of base starches were nodified using

STMP/ STPP according to the general procedure of
Exanple 1 to obtain a variety of total bound
phosphorus | evels. The digestibility of these

starches were tested, either as is or in nodel food
systens. The results are listed in Table I, bel ow
Sanpl e Base Starch Total Bound Phosphorus Mdel T=20
mn T=120 mn T=240 min 1 Dent VWA NA 18 80 85 2
Dent N A Cookie 29 73 80
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3 Dent 0.24 VA 1 27 60 4 Dent 0.12 Cookie 19 65 75
5 Dent 0.14 Cookie 14 47 56 Sanple Total Bound
Phosphorus # Base Starch % Mbdel T=20 min T=120 nmin
T=240 min Hgh (--70%9 6 Amlose NVNA N A 11 26 30
High (-70%9 7 Amlose N A Cookie 9 23 27 Hi gh (-70%
B Anlose 0.23 VA 6 13 16 H gh (-70%9 9 Amlose 0.25
Cookie 7 16 18 10 Tapioca NA N A 9 42 52 11 Tapioca
Tablelll 0.15 Cookie 14 46 58 12 Waxy corn N A N A 35 94 100
13 Waxy corn 0.31 Cookie 17 50 60 14 Waxy corn 0.41

—Coukie ] Weat
OdR) Tabl g, &), B

Samp@N21 N A 22836»9!982

IWE-NEP-X P PP A
varT CL_y uu Stat un 3 ABILAZE L uool t ||r\C tS+ ng

combrat T o gHAN AR TR

toTresurt—ntheattered
AT gESTT O ObH B&n Of | L ThaS T NVERE T O17 | nggmoeTLr'@U
;5ystens] Epedipbe S oesgp rrsoh off GrgssTTpking

eagent $ STMPSIRP d of corln nodifiled wth

18TIVP/ STPP PPE%ﬁ?’Exa plog7l was conplarec with that of
- ' -oSpherus—erpeht-er-del—Fhe—resul t s

L [aYaW
afe—sSrovr—+1 MM—WMWKE - =z
T=120~TF248en Com
19 STMP/STPP 0.26 5 39 63

Dent Corn
20 POCI, 0.27 3 11 16

As can be seen from Table lll, the dent corn product, either as is or in the model cookie, did not obtain
the digestion curves of the present invention when modified with phosphorus oxychloride in the range
of bound phosphorus claimed.

Example 4 — Food Products Containing Starch

The starch samples of Example 1 are added to at levels of 5-40% to replace flour or other
carbohydrate ingredients in six different food products. All ingredients are listed as weight % of the
formulation.

1) White Pan Bread

2) Semolina Pasta

3) Nutrition Bar

4) Flavored Yogurt Drink
5) Tea Biscuit

6) Cereals

16



Sample No. Sample P (% (% &R (%R (% R GRANULAR
STARCH 1 Dent Corn na 18 80 90 17 Dent Corn 0.26 1 27
58 STMP/ STPP 18 Dent Corn 0127 0 2 2 POCl 3 MODEL
COXXI E 19 Dent CornSTMP/ STPP 0,26 5 39 63 20 Dent
Corn 0.27 3 11 16 POCI3 As can be seen from Tabl e
I1l, the dent corn product, either as is or in the
nodel cookie, did not obtain the digestion curves of
the present invention when nodified with phosphorus

1) White P%B&QHOH de in the range of bound phosphorus clai med.

anple 4 - Food Products Containing Starch The starch

Patent Floganpl es of Exa¥fpfe 1 are added to at levels of 5-40%

; lacge flo or other carbohydrate ingredients in
WhneGra'{s,u:Pa;écg??ﬁrent 'god products. Al ingredients are
Shorteningl i st ed as wei g8 % of the formulation. 1) Wite Pan

: read 2) Senofina Pasta 3) Nutrition Bar 4) Flavored
lodized Sa@ogurt Dri nk L‘; Tea Biscuit 6) Cereals 16 1) Wite
Active Dry PaastBr ead Pat eb® Fl our 55.6 Wiite Granul ated Sugar

Dough CorﬁdiﬁgonefShort eni ngs.g. 8 lodized Salt 1.1

Water 0.6
Total 100.0
Preparation:

Combine all ingredients and water in Hobart mixer. Mix on low speed for 2 minutes. Mix on Medium

speed for 14 minutes. Allow dough to rest 5 minutes. Scale dough to loaves (510g for ¥ kg Loaves).
Allow dough to rest 5 minutes. Mold loaves in Glimek Dough-molder. Proof at 90% RH, 80°C. Bake
at 210°C for 22 minutes.

2) Semolina Pasta

Semolina Flour 74.1
Water 23.3
Dried Egg Whites 1.5
Dough Conditioner 1.1
Total 100.0
Preparation:

Combine all ingredients and water in Hobart/Kitchen Aid mixer. Mix on low speed for 10 minutes.
Feed into sheeter to form into noodles. Cook by placing noodies in boiling water for 5-10 minutes with
stirring. Drain water

17



Active Dry Yeast 0.6 Dough Conditioner 35.0 Wter
0.6 Total 100.0 Preparation: Conbine all ingredients
and water in Hobart mxer, Mx on | ow speed for 2
m nutes. Mx on Medium speed for 14 mnutes. Allow
dough to rest 5 m nutes. Scal e dough to | oaves (5109
for 1/2 kg Loaves). Allow dough to rest 5 m nutes.

" | d loaves in @ inek Dough-nol der. Proof at 90% RH,

3) Nutritionggat  sake at 210C for 22 nminutes. 2) Senolina Pasta
Protein Powesrol i na Flour 3646 1 Water 23.3 Dried Egg Wiites 1.5
, ugh Conditioner. 1.1 Total 100.0 Preparation:

Brown R'Cgﬁ‘%f’ne all i n&ﬂe’ﬁi ents and water in Hobart/Kitchen
DryOats Aid mxer, Mx gl ow speed for 10 minutes. Feed into
sheeter to forminto noodles. Cook by placing noodl es
Honey i n hoiling watetYfor 5-10 minutes with stirring.
Nonfat DryQWid N water 17 g3y Nutrition Bar Protein Powder 33.6

~ Brown Rice Syrup 21.3 Dry QCats 10.5 Honey 9.0
Soy Oit  Nonfat Dry Mlkép-@J Soy Ol 2.8 Peanut Flour 5.3

Peanut FIdPPlI € Sauce or 4gisin Paste 7.8 Total 100.0

Apple Sauce or Raisin Paste 7.8
Total 100.0

Preparation:

Combine all dry ingredients (except oats) in Hobart mixer. Mix on low speed for 5 minutes, or until
blended. Continue mixing while adding liquid ingredients. Fold in oats while continuing to mix at low
speed. Form bar into desired shape by pressing into a form.

4) Flavored Yogurt Drink

Whole Milk up to 100.0
Starter culture (Danisco's Jo-mix NM 1-20)
Nonfat Dry Milk optional
Total 100.0

Yogurt Preparation:

Preheat milk to 65°C. Homogenize at 10.34 megapascal, then hold for 2 minutes at 93°C. Cool mix to
44°C. Inoculate with starter culture. Incubate until pH reaches 4.5 then cool to 4.5°C. Yogurt may be
pumped to smooth curd.

Juice mix

Water 47.5
Strawberry conc. (40-60 brix)  40.0
Fructose 10.0
Pectin 2.5
Total 100.0
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Preparation: Conbine all dry ingredients (except oats)
in Hobart mxer. Mx on | ow speed for 5 m nutes, or
until bl ended. Continue m xing while adding liquid
ingredients, Fold in oats while continuing to m x at
| ow speed. Form bar into desired shape by pressing
into a form 4) Flavored Yogurt Drink Whole MIk up to
100.0 Starter culture (Danisco's Jo-nmx NM 1-20)

Juice Prepagatitnat Dry MIk optional Total 100.0 Yogurt

Dry blend fRfc%@éraﬂE pB&tin. mdﬁhﬁﬁhlmah%rt&\d@'ﬁ@wbé'lw@@ﬁehtlﬁe@d a %Qn@é‘r Blender

apascal, then hold for 2 m nu
until fructoste@ndmetm prﬁ&meg{e,g GPeriuice Mmix oy réqhwtalﬁr@atr] q,{&%%{% 15 mrnutes
Cooltoasemti|l pH reaches 4.5 then cool to 4.5C. Yogurt nay be
punped to snooth curd. Juice m x Water 47.5
Strawberry conc. (40-60 brix) 40.0 Fructose 10.0
| Prod e Btd Total 100.0 18 Juice Preparation: Dry
Fina rOdLE 8gltruct ose and pectin, Add dry mx, water, and
Blend Yogwt armwmer!lem adatinnraiOd . teo-Hompegenierat nEigepaaals iiviy3.5 (two
: igecare di spersed. Cook juice mx in a
stages). %%@q'&gﬁg?eﬂgggﬂ%%% C for 15 mnutes. Cool to 4.5C
Fi nal Product Preparation: Blend Yogurt and Juice M x
Ak a ration of 9:1. Co-Honpbgeni ze at megapascal s of
S)W_a%,@ﬁ}. 3/3.5 (two stages). Store finished product at 4.5C
Wheat Flolr) Tea Bi scuit 48fkat Flour 48.0 Wite G anul ated

White Gra%ltlaqg&' SL?T ar5 20.5

Whey Powder 1.3
Baking Powder 1.2
Salt 0.6
Shortening 9.6
Egg Yolks 2.0
Water 16.8
Total 100.0
Preparation:

Combine all dry ingredients and shortening in a Hobart mixer. Mix on low for 5 minutes. Add egg
yolks and water. Mix on low for 5 minutes. Roll or sheet dough and cut biscuits. Bake at 176°C for
12-15 minutes.

8) Cereal

a) Extruded breakfast cereal (maize based)
Modified maize starch or flour 40.0%

Maize polenta 45.0%
Sugar 10.0%
Salt 2.0%
Malt 3.0%
100.0%

19



Whey Powder 1.3 Baking Powder 1.2 Salt 0.6
Shortening 9.6 Egg Yolks 2.0 Water 16.8 Total 100.0
Preparation: Conbine all dry ingredients and
shortening in a Hobart mxer. Mx on low for 5
m nutes. Add egg yolks and water. Mx on low for 5
m nutes. Roll or sheet dough and cut biscuits. Bake at
176C for 12-15 mnutes. 6) Cereal a) Extruded
b) Extrudedibeedifams terealr(pmltigfamli ze based) Modified naize starch
. f % I ze polenta 45.0% Sugar 10.0% Salt
Modified @{28%59%?6%&?0(%3%%’ 0% 19 b) Extruded breakfast cereal
Rice flour (nmul tigrain) M@ ied maize starch or flour 43.0%
Oat flour Rice flour 11. §({05°Oat flour 11.5% Wheat flour 20.4%
Sugar 9.0% Mal't" % 6% Salt 2.0% 100.0% Preparation:

Wheat flour 20.4%
Sugar 9.0%
Malt 2.6%
Salt 2.0%

100.0%
Preparation:

The cereals are prepared using methods known in the art. They are extruded, flaked and toasted or
extruded and expanded). The cereals are further dried, if necessary, to a final mositure content less
than 3%.

The foods are digested using Englyst digestion method and glucose release is monitored over
20, 120 and 240min. The release of glucose is substantially linear over the digestion time.
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The cereals are prepared using nmethods known in the
art. They are extruded, flaked and toasted or

extruded and expanded). The cereals are further dried,
if necessary, to a final nositure content |ess than
3% The foods are digested using Englyst digestion

nmet hod and gl ucose release is nonitored over 20, 120
and 240m n. The rel ease of glucose is substantially

i near over the digestion tine. 20 Cains 1. Use of a
crosslinked starch with an added bound phosphate
content of 0.10 to 0.35% for preparation of an edible
product for controlling the blood glucose | evel of a

Claims manmal , wherein said starch provides | ess than 25% of

1.

10.

11.

12,

13.

the glucose release at 20 m nutes, between 30-70% at

Use of alrosskBY kBRh ﬁiaﬂ %rouﬁcmﬁs %’c@ﬁter?t‘lfo b .85 ﬁﬁ'ﬁ%par&tlon of an edible
product o g{)r‘xat oﬂmgﬁ%rgn 2%“0@ nﬁ 9 6% Q? gsgéér%rrc%ldes less than 25% of the

glucose gglegsg gt 304mniniyes, nggg TOE(?a Q,mmutgﬁan qﬁgg(émmutes and wherein
said starch st @ high anvgesa staseh, thatis starahgvith grepteethan ARk gmyglgse the starch is in the granular
form andwhers by glacosetréleaseds mdasscddasemdibmtotitreesimualeted digpstioo mettedds disclosed In the
descriptioR candtttay tdiciiees dees Bexttided bndxidd or oxi di zed. . 2. Use

according to claim1, wherein the starch provides |ess

f ' ,
Use acctom@rtggﬁﬁnq %Qr@m%é‘%&%ﬁﬂﬁo%&ﬁés?ﬁ%% Sztég rcﬂﬁ@ﬁu@@se gl?éasreLﬁ%O minutes.
an 10% of the qglucose release at

Use accg@&gﬁa?lﬂ@ Lt &hﬁﬁeﬁq?ﬁ sarchprayids e%sﬁ’li‘”éf’%fr"é H‘eﬁi%%eo’é@ase at 20 minutes.

bet ween 40-60% of the glucose release at 120 m nutes
Use accprdingdeclaiocio miienen thestarciaprovides hetvser #ir69% of e glucdse release at 120 minutes

provi des between 45-55% of the glucose rel ease at 120

Use acddtdiigt&8laim © whbieR tRCSQES bdtidésbetedh a5- 35%‘6@@6 QiuBoset8lease at 120 minutes.
starch provides greater 70% of the glucose rel ease at

use aceEtinalh ST wndrenghEuPEf BaUA 207 Llng ot Bt 0 minvtes

240 mnutes. 8. Use according to claim1l, wherein the

Use acogfdifigde Clairroly inderginghesgiareh p@w%wewéo‘aﬂ%@eg@cm relgage & £40 minutes.
240 m nutes. 9. Use according to claim1, where the

Use acctdingiiclaisn 1 dsreini tidk stakrch siovidesagreatax @8vitof the lgeicdsedelbasemt 240 minutes.
sodi um tri nmet aphosphate, sodiumtripol yphosphate, and

Use accdrdi %’blé‘iﬁﬁ' RRerk RS R0EN is é@sslih@a u@ﬁ?ﬁf&b&%&e&écﬁﬂrdﬁv dodium trimetaphosphate,
sodnumWﬁSl ﬁOQ .{ o?ﬁégé[g,g}ma%mp{hgé in tThe édible product in

basis. 11. Use accor di ng
to cla|m1 vvherelnthe Iucose rel ease fromth ood
Use accortingtaaiaing it whargigthg §]a5:hd§(qg%s,ent inthe eqipjepraguctingn ﬁr@oqr}g of 5 40% dry weight basis.

claim1, wherein the glucose release rate is
Use accortirgttacihimal, wpnereintsd gindose vetaase inen thiefeod i2gL@stantially 20 order.
13. Use according to claim1 wherein a regul ated

Use accOtY ciBiin OWHERRENE QudsTRIERBE rateSis BUtRMhEHAF cordthnt over the first 240 minutes.

Use according to claim 1 wherein a regulated supply of glucose to a mammal is provided.
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