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5 10 Use of a Chemcally Mdified Starch Product

This application clainms benefit of provisiona

appl i cations 60/591, 983 and 60/591, 997, both k' filed

29 July 2004. 15 BACKGROUND OF THE | NVENTI ON The

present invention relates to the use of a chemcally

nodi fied starch to control and/or regulate the bl ood

gl ucose level of mammals after consunption and

post prandi al absorption. Also included in this

invention are starches treated with heat and/or acid

(dextrinization), thermal or 20 hydrothermal (heat and

noi sture), or other physical processes to inpart the

desired digestibility. The treatnment is applied at a

| evel and type to control and/or regulate the bl ood

gl ucose |l evel of manmals when used as a food or feed

source by nodifying the tine and rate of post-prandi al

absorption. Starch is a major source of energy in the

typi cal western diet. Refined starches (for a

description of refined starches see Inberty at al. D e

Starke, 43 (10), 375-84 (1991)) are nostly eaten 25

in the cooked form which generally provides a high

and rapid rise in blood glucose, being quickly and

compl et el v di gegl eder UGN SomndPBRrchBidiee ot ar ches

can resist enzymatl C enyaar e ysis in the snall

i ntestine, such that the starch is not substantially

br okRnapgidsion Wikins benéfit bEFEEMalt dpptichidhg 60/691198S bihd160/591,997, both
ﬁlem%rle bds 1S uti lized by resident mcroorganisns (this

1S Héizl ned as resistant starch or RS). Englyst

(Englyst, HN et al. Eur. J. din. Nutr. 46
BACIGHOUNDOF BHSINSEATION992) ) defined three different

cat ' . I st star , ! [

or i sk eibh iR B Albee 3 Bkl Hofied bl darol andior
regyiie thelQop glugese davelint MapralsadtirForsBmpion agd Pestrrandigbgpsorption.  Also
incléddes tini i Byerdd( Gre, statahds Tbatédl GHD hat ra@d/ext adig (desrinization), thermal or
hydftHe meét(yinmgigtmeg d %Jﬁetr ERED oSé’s@éﬂb PMoAR 18 tB&E8 digestibility. The

esters and cross-bonded’ st arches that rare resistant t5
treadpen isapRlied atdIgyglkand fyRe toparirol Fydier auiate B Pleoddlyassagiet of mammals
whénusetedsiaried oated $varck by abdifgingtietmednd cae Sipbstgraadial absorpsion.

f ooé*zglpﬁg% pn%téi s&%nﬁzﬁq%; inotnf gﬁ%g%%?@&igh tﬁ@iﬁed fkar hes (for a

non- est | esti rates |1 nclude
cesgiplorsf JPiPTc R ohes S PO EL (TSR 4R ORL AT gD are mosty eaten
in tiengeired forii veichigynefallp provides @lhigh @sd fapie riggrinbipodafluceseabefrigagickly and
confihdi@sbsRBO VBweVr, 6B MfitedRibhBY QiMedidrRedzyndticthydrolydls HAREsmall
inteQR) L2 G, BX A 3 Dot stist A0 bR AEGR drfi it ba 'E%S‘%gﬂed Mestine
qua‘n?l ifed as dietary i Der :be. e Tl il Bt !
whete 8 isgefiized FyyesifenpicTaeraRsE dihis dssdefingfieastipriiart slesh AURB). Endlyst
(Engigs,. 29, eaaIdE@ AL CHi2 Nutaiad (upm.2): $ha-950 {190D) defindddhredd@itardnaddtegjories
of @Qéérﬁ’ EQF&qiré\Ltetgloutﬁé?rsﬁi’gin%E means of resistance. A fourth type of RS was later
described by Brown (Brown et al. Food Australia, 43(6), 272-75 (1995)) relating to chemically modified
starches containing ethers, esters and cross-bonded starches that are resistant to enzymatic
digestion.
The term available carbohydrate is defined as the total amount of carbohydrate in a food
minus thte amount of carbohydrate that is non-digestible. Non-digestible carbohydrates include
dietary fiber, sugar alcohols and non-digestible sugars. Dietary fiber includes the group of starches

defined above by Englyst and Brown (RS1 to 4). In some published examples, resistant starch is
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are fermented in the large intestine. Furthernore, the
presence of resistant starch affects the anmount of
avai | abl e carbohydrates in the food serving in the
same way as dietary fiber (e.g., cellulose, inulin, 5
bran, psylium affects the quantity of avail able
carbohydrates. dycem c response (GR) refers to the
differential effects of foods on bl ood glucose |evels
over the time period of 0 to 120 nlnutes (NI'H
me?ered ouc': ﬁt%q,n é%egf :l%?aa/r fgo%r Ee gépm g%gg? I 9&%‘2@%@% st%ﬁc'dard test
meﬂqus\f@e IAPAGI98S. mw.sau%a arg brpé@et"tﬂp&n%b&ﬁbqble@ewmm#ab@@ose but
are SAABHER iPhe RrdePiR6stind. CFublifdymord iR pidgite tobi@6ista Stadhl Bffdcis@tie amount

of a?%lal)lg1 gargclh}é&}?\g% i tl'[eefg‘o%o Ql’?’/?‘l%in%ev &é-lleexi aé ? 8Qr§ flé“(% éer & f Jerﬁ.%sg inulin,

e an
bragyipgdidT) affctaiiel q%@b?fﬁt’?“é?\e erbojYdieSse cont ai ni ng
C ONGIgdReitrespsnse G RySefer & td\diffeldntia emtshbofdod%&ﬁ bloekglucassielels over

thetnﬁlu Qﬁo@ % R>e125 %u%@%l—ltﬁdg atBE Ntxrn ?2 Q)dilﬂé measured as the

ose response to an | n Ivid al so
'”C’E'a?ﬂﬁ%\la@a ppqer e piged %‘l‘cﬁ%ﬁ?p@"ﬁeéyﬁ)ﬁﬁ)nd'vp% aébleﬁgi"r?d’aﬂ'ﬁ%[ar food
sangpdenah sampnhcedayr The maigtiigdes argieduralibn & thesglytemic uéspbrse to various foods

refiled R %rgb.gg ir JH@ rﬁé Er%céx'?en%‘f tPJ[ &Qéét[ongén‘dca%&pti@ﬁ of @9&%§e Eohtaining

consune ani ma 15 As
compgRANtSe SHep @ﬁ S‘iﬁ?"yc@?ﬁ (‘,“efhﬁi‘jé'is P?ﬁ”) useq doy I?F‘ﬁ@“'"edhﬁ megnige of the
posgrrangdialAyincose. resBbnisa to adLindividu84¢o8 and al832 cditharel(B8diye glwemic response)

foo&’seﬂcldlr{@elﬁ’e §a$ne "$Blel &%@ﬁlﬂ@@ﬁ@l TI% %‘%sh’ﬂldlﬁrdefenrﬁn & A@Wtiects on blood
curve of avai |l abl e

g'“‘g’ﬁ? %@ﬁ’gﬁ? ° S”B‘SEPY Lipags ang aP'@?ks food expressed as a
perAssed bfihia apelcatospaieeC ingex (5 (Jenkins, D dral Ak, ASE J. Clin. Nutr. 34(3):

36280601 482k Befipdd &ohwrc%@murhr@ @Bamdad t;m&sie te%ls@nee El)(vetd'f‘ﬁ 50 g

ava?%?ecéﬁibogéfde a‘%e p?r%on of at\(?]s(tja P‘g ¥p6esaedu ?Nhﬁ %enc ta % trée Eeﬂ)onsebto tréeosame
amepnpgf agqnemwebobydramn § stafdayhipacakep Oy the samp suipes’. &n arbitreryyalue of
10d 16hs G dskihyedtibr@nd HirRERGSdd OichQhn ¥ithel IBUSD ¢ BQIREHe@INES gioNwhite
f@od and the rol e they play in how a carbohydrate

source is digested and the glucose absorbed, B

r eqUlerG! sepka tospraiff theipteratipnnef varipus ggradienipin ood and the role they play
in hoa lalzabytdtateao(rEdig Yigéstedtah@tht gadosé ﬁt&drbecﬁ ByaéqURihg a specified amount

of 4vaiBiE tchilBh gﬂdféxlsdg?fn%é st té%@ep or’}u’ffl Rjar%ﬂ%gm{iﬂ*?rtme fest

e consu ternative %/% r,(;
food MYFtePeh CUEUTRdt Atanafiveyetatith (ifods rlg‘slnnfé@egrg}epaqred efary fiber'would
nedessitgie n lagger sy sizk evrdentodngele theraquiralihes bf avdileble exgfavihydzale.

509 eAg“é@ma l@mggst&arﬂgom&hagfeglud%% ‘nhfﬁefb%gg |é §ubject to two basic

molBiF T 1% Poids BRdnE o et e bigd PGS qudee the food i
digestde Theé sesbrrongshaniam iis thegate hieabldretion okthe alkgesetronyyiha dlogdstreasn into
thettld@y fise@d ABougHities tatfhplifiddtricweds tese MRGHRAANEHs] Shetskifed in the art

woul@te@og%fzg %30%51?& My rmltlfgcgfd ggth'rg %?ﬁﬁfn{eQﬁQnFsRE r?éc%gﬁhé grgggsses

VG 1BOTTEREN R 475 ‘§’H%é hanPPéh%‘!éf‘F |f%d99“ﬁ"ftgﬁ%e bippd:gfyicose
levelpwithih cegain gpeciie ranges (fastinp blesmaagiatosalbteisf 6 8ttt 1 matoldr es specified

by ttltbe AH&%Q@%&E&%S Afs%ﬁﬁdno abaBd cafe0 Q%l%§ 1- rl!édﬂfedFor | Xample,

bad
mcnieasies f”ela?ﬂd ‘,ﬂqc?% '?Vﬁ‘é smlg%%thalp[?gtbcg@ ofl %\L}I@r g{hlgae ?r'?ﬂnﬂst other functions
facititales thie ﬁbwgﬂ ¢f|g®lc¢sg_mgetge (ISSQ% lbptrﬂ‘}o pkm m]ogtumglgmn the yretapolism

of ﬁtfs a3d SrofeRs. 6Tr§leré?6@|féobs that cfa@é%(anfabtﬂg elexl%)iont iRBlo ﬁdogeaébncentratuon
abet es Asso

hav<ezt66rl)st)10wn 0 rpro uce rﬁ) agl'd (Rﬂ oPse‘i ) Tise in serdm msSIm lfé)vels)wmcjh leads to the

brea
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i ncreases in blood glucose |evels stinmulate the
production of insulin, which anongst other functions
35 facilitates the absorption of glucose into the

ti ssue, but also exerts major functions in the

nmet abolism of fats and proteins. Therefore, foods

t hat cause an acute elevation in blood glucose
concentration, have been shown to produce a rapid
(but offset) rise in seruminsulin levels, which Ieads

t or.a nd use, of Iuco
o sie o7 B8 S Sfibost b B R Celcrtpfe fHpdpnd e Her, Bfsequenty
balapeingstbe)bleqditalupose sericarttationgn thi@otmal ;a1degl ucose
COIEIRBEd thdt iisCHbsdrIdetlrl'l@the 0E0EBN belcaiveted téhIyogstastaadans & storage

for f%Q %er geesd élpcog Q%séd %%H\% %\apwggal %8”er£r¥de%>lénq)sh% ¥1 %@%f rest.

Ca’?@é‘ﬂ"‘“? I‘Pafb? I‘?E@ngdf a[ﬁf?ﬁ%sﬁ alileteg ¥pq tpiincipagaife pt@rmoémegy é'ﬂ tl]er{orm of
glycbgemein tiaf miuselss befor® afCathbhaveitattes ‘aamatdyy in @bicH ¢hgndes tetraining and

nutr?BrP&ﬁ%%XI?ﬁzg ln%gtges%\ﬁ: @ents%r% %ﬁ&@@%leenﬁmgn P g&s}ﬁ[%gli% mﬁélgmmehan

e Mmusc
AlS PRl Nytptiog Fsegram q)s '¥§E°@I." re8P @§§ PP ragirpiad fﬁq'ThW@ é@‘s‘f"b to the

bloddstesamitalgcreesel blootiglucbdel l@vals ¢ &Ry falkéion aaiissad.e gl ycogen

St CK rﬁﬁ"nbgrr df %ngﬁl&s%% £§%er§%# o&ggﬂaggréduaﬂn 1( i uﬁh&ltﬂeereactlon of

orts Nutrition
Ce"%'f‘;}’ted’@%‘°é'§r?cﬁ‘{"§6°’B‘é"yt"?"éﬁtf‘é’|6’é5|"15\§6 f’FHJ'I’h“ESr?é’“ﬁ%J ligthg gendition in
whi¢hhtee bixlydiesietbeeames tless ireteptiea seindlined rghuireoBigher davels ® achieve the

sanfetbﬁ}’swio@'cﬁl eh@t OWecbﬁﬁdipﬁl é?feét?Uth ﬁave%@erﬁdéh%‘ga%g de(reased utlllzatlon of

o BN oo B Bl (R da R e ool & Y 1B B siicp reas, and
deptetien Arateimis throtissess| of therbiody Euigion, IAC.i Fiexibdok of Medieal Pirysiology (7"

Ed. )r YBBSEANGSs (doFﬁbarin Pﬁllé&elﬁﬁnq”'at [ @'3 36y OM%I' %hdttlbr% Bamy from the
rece i n. and

oveHun%ﬁr eci;oqb %t \?erg'"f%“ |n8IH11e lvggql %mla o P%arﬁ%n?' &pgéed quli%ose regulatlon
insugin fr@@tancerpb@drpmp nwpg@pulleefmlgcqyghp@ﬁmnp RAysEbyipolysése metabolic syndrome,
syndré@& i dnldefhbass eheme agRdl bbd kriokatak @Bn-Mulin gbm@@eddwtet fellitus

le%n? ﬁ'll lpﬁ)ﬁiofog %IJ l:éndlg&s ﬂBt an:{rgggu%ﬁi ag%ga Ada§?1%|l c%gas% ?etlnopathy

nepbrpgqﬂ@f, 'PF"P'??’%' ﬂ@rqpptggy@§e@pl dtyﬁ’éncwdy (Guyton, A C
" Teatbibercitfed bitdvizdsacialed Ritty soue| etegatiof @nd' raplEdmbgs lr\MIEbd glucose levels

is téﬂHA(} @lrt(? cgﬂ'U%GYnamP iﬁ' tlo@}d@h&n' ﬂrsuliﬁawhlc%zp?‘ayg’%ny geg%rthe Pody is
It ons ari

con Sl ng

el GG i FROVITION fyEHETe i g8t i s Bat OO Oppinsuln
resigthnee o®eessitating leghedenels of seaun insulin, ésthatnecise Sanskr @ weight gain as the

incrB¥BE rngm.ﬁ Wybi§ ?amllﬁt-e u@lye%bgsaaydaemo@age dz chdhdve @Anzsécammended eating

marde B heis, B R iiieead? RORY (i Hh o RRATS Hoe Abispedine te
corrggrionding gerp SYPRYDIR)coRatAIt tpitempleyeldi Addbighalialraridhfeliing kineg glucose
levdls\@hichTBYmally ihgspeRddiar @SacGidleRlLDiud havs bakn SHowR &StBgger a stimulation of

app'éﬁé thUﬁ’g@QH\%@althy%@MuﬂQr?st I'llﬁerné? 6&9 @3@4}@1' mcﬂ:%*ég %%ldwsear%gase over

sexual unction er affect ten assoc] ate
an Wﬁ“ﬂeda{'glﬁtpé"@l"@\‘?%&"l SBRriia ARNeHta e B 'PFé”é’e inArepted safielyI' ey time
peribgsy @eight manapéreent nachidsi wejght s emt load teamohveighli stétdlizatioto dystained
eneY@' rGIgﬁse lemﬁHée'dnathlé’i@'p@horHLﬂ SndilRIRY tfaﬂ’n@s ahd il JRReRHY in mental

ctive in the conversion of glucose to fats

°°”E‘7&Hf‘f°ﬂ§%%m%’?°“él US Pat# 2004/ 0043106) Insulin 25

r esh stargin oe stamedehgrateriak whigh ¢oulgineavidé glvenise toghe geqdipver an extended
timd WoUbi &rvel ® Fnaﬁidlhﬁon’h&l/h@@h)a b@wsg@o&y‘e WediO fite. GBindgiddemia) and

red@ce%hml{mqg rragn‘gdS %%(IB Sr l)lﬂ%?lvgl\d osg' Ieva1CI IItI \;vg"i {_5} SI ye§<-,§’ %ny xcellent

reconmend
3



c

10

15

20

25

30

35

many small neals over the course of a day to attenpt

to regul ate bl ood glucose (and the correspondi ng

energy supply) at a constant, uniformlevel.

Additionally, rapidly falling blood glucose |evels

(which normal |y happens after an acute el evation) have

been shown to trigger a stinmulation of 30 appetite

(hunger) in healthy adult humans. Alternatively,

research indicates that glucose rel ease over an
cart%,ﬁ%ﬁat% sr?urc%leurr:nmtheo ree\gagg%l? an%dtrea{menlfS 8e cr:wlp/ folf (t:he r%{r'n]g {long Sc’irswpsseohabove
Heafthieingjtidualsavishije teentre awppsasel%ér grhrtegq'%%ge &PRI9Y r@ﬁgsetf@ﬁhfpods as
welViRitighdrev@hidRiot irdairhér® Bf) many Wk Ab$ &ociRUeNiBYrdgla@dS B blood glucose

andgr%glm%gr?c%graﬁ&@ ?Jld &.ni%%&‘a?&}’ﬁ%%g tHe@é’été’rQHe'Qg training),

entration and nenory.
35 %“'B’P@B'& hit hasrnowt bepr Hisgoverpd Hat %‘PF‘QF"V aifiech starghy may beé used to
confodi Gvid/drereglilate deeblécd dluveseblecd df orammalanaft@xdoesuthptbn dndnmstprandial

absWBHJn TREFfndnPis ra@ﬁlr@& ﬁ'ar]e\fépa(nHWpé W&hﬁ&Xn%r%@la@ltﬁ%@ glucose
eve . nornogl ycem a) reduce/

v TRt R SSR A BB EHSRCU G RTINS 14 IR o of posprandia

absprpticantli fzes| fyrthbebezn disxayerietl #1at sucB commidatsh ;adifEd estasabes, oden properly

forrﬁJh?edmt@f()@&tdr deq @y Q‘prlfaﬁéﬁtmgl béjlfse@@brd@fde i %or%@rﬂ?'vdith 9 Bshtrolled
s wshing to

e RIS SpOL g ohorea e BBt o S LR rePolith, oy rel case

fromfoods as well as the prevention or treatnent of
summmdksagmm@\pm ated with irregularities in blood

?Lﬁgspgegﬁr? rllrg/erht%§ lﬂ% %%gs t%qr%f ngq:] %tclhg@ C(r)nl‘loldli‘jedu gtér%:h t% coPtroI and/or
regyigte "\‘?CNO°EJ@@?PSG|'9§@0(/@F'§'63‘§ Ra C@lﬁé’ﬁﬁ"@’aﬁm PC’FﬁB@P '?'é’ésorpt'O" Such
cheficallyGiodiiBy sta@hdss egpabi® of euRing Ge imitidl /aarte ele@tidradt ldot Qlucose, and

wh& Q@erﬂgﬁ%fgfeg rrltcgf\ég&s r%y lgmgﬁo%{o@{d cSr%UﬁWﬁw'c?ﬂro@aﬁ?gulated

eat nen
9'“‘&59 é‘(?é RN 8¥endeq fae P?)"Oé GPR pssist i mepviging F%’Q‘GVQ&P'E‘VPE’@" BlHeos® levels,
evef inugid&idals Wso/ey/ootid mmmlnmhmm:stamed as a food or feed

SO U/{sCJ%ePb(eréTP %e tﬁﬁr{]&?rﬁrgﬁl’y‘ HEeoqy mtgﬁé)e'ﬂ % ﬂga ?Eﬁﬂlépmhd’%lcaﬂon

absorption. een al scovere
knowp érhfhe A cg} sm’ Pléﬁngswlg}o&tHggtanow.?&rphrjfeaﬁg mrtp agejic anhydride (AA),
profytenengxide ¢BIO), rsuwinfcoatigdride (8Aedctersy! suppipkc eambytirids (PR, bresslinking

reagb%@d dubh pésOVéOQﬁmt hﬁn&&dﬂ&éﬁﬂaé Ymm) a ,ﬁ@@h&@d | 8gchicBd/ @octy),
oo Bt e Pl Rl ted e R R pgyoncsona
(STBPleereantho pwmqsmwzagamsnts suchipe sodiiem bypoghlasiteeeri Reepitg or other
foocﬂTQﬂbrfJ\reGdstéTr&raﬁﬁbBlfytng e&yehts Obnzgel oF phydieall REdeksak &sut@s heat/acid

demln%gong tl%?rﬂ eorlhggrglherﬂrfal %wsma tBrE{ o?%lﬂizpﬁg%sﬁc nprg& ses and

°°"ébt“é?°@h ggreotingy %I“éa“é'f‘her deRFEaHyRe e of H‘P%H%‘F'”&?@Eﬂ@m
el eGrabulaprasakedtensd isghtersies ®, mean tlon-gdtetinizqairad Piepdrged by any chemical

or PHOSiER b@&&g 'dﬂa‘n@laf QQIGI%S dgﬁy)e Q@temq uts@j; ch%ébéw bl R presence of

bweinngenﬁ d I}galttese m%ross r pglarcfe%iéﬂfl rimﬁ”abg {}:g%s ?]r aYso no?srgmfrcantly
solybier inpMaren below }ﬁ\yrr mlqj@gatgp mgr@turee\,@qngranulew@qqcheﬁ are those that have

bedndatyd Shpadcsssvdio barbiyGuilisle @Rl @WS) BAW ihbir feRBihisdtiaieMperature
typ‘?cgl alH %g‘%&hg&ﬁe éa'archeL1 gzﬁ b%rp%cgggmgcb?één% sB'BEIé anjxaetgen a§e allowed to
retrograde so as to form partlcles (crystallrtes) that are no longed soluble in water below 100°C, but

are also not granular. In an embodiment of this invention, the granular form of starch was used.
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known in the art of starch, including wthout
l[imtation starch treated wth acetic anhydride (AA),
propyl ene oxide (PO 1 succinic anhydride (SA), octenyl
succi ni ¢ anhydride (OSA), crosslinking reagents such
as sodiumtrimetaphosphate (STMP), phosphorus
oxychloride (POCI3), epichlorohydrin, adipic acetic
anhydri de, phosphorylating reagents such as sodi um
tripol yphosphate 25 (STPP) or ortho phosphates,

Onfbedl] l’e%éa'?tﬂerrs %ﬁ@ﬁﬁﬁéﬂ&wg nge%ﬁosgﬁmo%ﬁymb RHehduf® tRY digestibility of

carEiaiian nese AL S iy 2D Biion, b deb-Rek et e breakoun
to, dr@bsofptien @, glucokexn the mtornadhi aot ihe et Irrdth of therpprdl otebtime g purposes

of tr(lshﬁs%ﬁca%dd@@h&\tdﬁﬁ easorp%n atvmns wmb&g ade n@ém@a%a:eg ad0d120 and
240 mlggt ?Cb %{é{ relaq?]&o %e lrue Phy6|° ?%ﬂ? n%és [he%.aoé‘%mple(s wnll have in the

maf@“%{ﬁmﬂlaﬁs’“veﬁﬁ%ed her e| n, is intended to nean
NOMsgRbdihdrélh, 28tetl rasaids,p@bsievé shiychasimteadeRntd @@bn a 3frcAlor portions

ther@g}m,cﬁ: s fLm%QD%gl%gd \%lﬁn%lﬂr&% ﬁ%@l@gmf’ &%ﬂ)r be determ ned

m cr presence o efri ngence
(I\/bﬁst wee hé’lekﬁs?.‘f ‘EFHU@F'S‘&BI%W?“Z'@G hepry Hefinedsag e g¢m of starch and
producRIoC §1@8h aigetial R0 aboibed in @it driad awdsling of Bedithibihd@vidualsWEIEN, 1992,
46&?;!)]9‘@ } heir gel atinization tenperature. Non-granul ar
arches are those that have been treated or

pr oB8 8B gloyiy digestivia siarrh | InsprRfip Bean skt tediagon Hereghwhich is
neitbdyeapidlygadideatiblenstarett map mests@aniostarekt LAlternat{vely piated diowiyadigestible starch is

any%% (Em noh aIaﬁJlﬁsorGé\Fngaeedeh%@ﬁ%%Q itd Qu&@@@rﬁ?e rﬁmm&e body

oveb B o liF deeBh &y Die, St 889 SpaLfeiPe g oy 2B BT g 240
minyis ie hurassloVForDTlar engtmoregagnpigiesiesaripsion gitease starchesisee Bnglyst et al.
Eur@d@b@gﬂuﬂ‘ﬁmf ci cat mtﬁloh rm@més @33- SI')(h GNGE: %Qbﬁﬁesfcﬁtfe@s@@ly digestible

starﬁhes as l?1 g\@ﬁ'at re?ease thg:r glg\](b cose be%{e%ﬁrzg ?r?dr 1%8 %anjte lé? ﬂpg)%gletdlto Qe%ween 20

Rosen asur
a“dcﬁ“@]@@t“ieﬁ] lity of car bohydr ates. These points are at
20 mndedikinTlafytiegs bopaxtiiuidiey (ABK) idefinbdak @leYratiork the Gnodri6f water

to ttt‘rlar %ﬁﬁ%\f\@nh&&rgﬁ &&mﬁ&ﬁre%{?é P ﬁ(&?ke? Lo\" 8 Qrﬁ‘n%fels o §J“PC v¥|th 15% borax

baSF‘bP" 1heiWpgE @b the gextriny fesastp |B!°P"€°a? digpersiaf;hgyag 2 H?FOQWGWhe" °°°'ed to
25°@bsmrcps. irolydohis hegaxifloidity isart eswhave daeen neasur ed at

20, Aslesgd %@Qm watépﬂm.tp WV?)SIS iRerfd84 ﬁoeﬁegnes @taﬁchtrweamsnénﬁ WEing a

0 cts ese sa have I n
R e §Foacivd el SR SIS ke Mo e 0O,
Philadgtrih@l HA)d$tereisidizéd & 381Cawitbla stapdare bitlredieg a tviecasityaah 2473 ¢par witich oil
req@nfes QQﬁiJOQBSsec tdh Qb@ @Jvol\Mth h Agdufitd BHdl tépradie@ic NRghsitbrhdhtsof water

flu1q§t¥]gre obtalﬁéd an tgqﬁ'ef tlme |cﬂ eg ‘%or (g) ?VAFutl%Ps a{j dlfpe{eﬁ{s sor'ds Ievels

arc Beeh
depé'l“’"@t%r“&‘*lws't%{?lt? de}!t?eﬁf MR oﬁs C8RVAISOn ingiegeest tho risaaelly demases
Watbuaiitpied térmn kbdwa isth@bt. | nt esti ne of heal t hy
i ndi vidual s" (EJCN, 1992, 46 suppl.2 Si). The term
slowy digestible starch is intended to nmean a starch,
or the fraction thereof, which is neither rapidly
di gesti ble starch nor resistant starch. Alternatively
stated, slowy digestible starch is any starch
(granul ar, non-granular, or retrograded) that rel eases
its glucose to the manmal i an body
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15 over the entire length of the stomach and snall
intestine (typically between 20 m nutes and 240
mnutes in humans). For a simlar and nore conplete
description of these starches see Englyst et al.

Eur opean Journal of Cdinical Nutrition, 1992, 46,
S33-S50. (Note: Englyst describes slowy digestible
starches as those that release their glucose between
20 and 120 minutes as opposed to between 20 and 240

Bm?&@%cﬁaﬁpﬁgﬁ% ng{,"t,‘@g ei n, anhydrous borax fl ui di ty

as the ratlo of the anount of

wat e
t o AgHE 1a?'i‘8‘0ﬁﬁhe @Fa'éﬁww???ﬁée'%fé%mmpﬁ’e%ﬁatt% 80’1"%&5{3&%“6% &nd the
ideatg@hsedeléase from fobdsuwbmainiag su@stdhes.t h 15% borax based on

t h%ld@%‘ Ibic thelddfial dR¥ Sk irdleasd 8 RSookdd B QYArGies a'ossléné%i tofvarlous

rS|on having a viscosity, when cooled to
'e"e‘fd‘”tgﬁ PRy dr ous borax fluidity is a termknown in
the art. As used herein, water fluidity (W) is
Deimtegmé%@ntpmcfm@mnac Nvambwrreasur enent using a 25
;—Cgf:ﬁgz%«f%%taltnve% er?l?e ak %eﬁmcr?& ?re%?edt ﬁ‘l?sadn\mn then B/roperly
fomFUR)ed iR{Q éﬂ%ﬁa?fdﬁ‘@éés AtSUBTRTAR, 118y &e ssedriel aroddpihe OHWF‘H'QW'BJ more
conthrf GBS tglucete (BrévehBmidipfize ablite Cateverioh) lelds|dver @B eX@ndedCtintkb period

cor?e%&onglgito:h%q n{qu( oljn:&{%#iaplg?r‘( tpéq&%H{cﬁ;srﬁalﬂmg%l §Qﬁaﬂ g}églh lBL} Sossmle with

othel §iPes 9fistRIchep: t RchisiarrBesIddpde PR these S*ifebﬁsw@\mfpdt'? eAqgumer
regidte shdfria@tairiorrs hrhcﬂ&allhebledeglucdﬁpﬁﬁldJ ng on the starch's

degsigsh, at uQé?j”Ne‘?&r?'@mten@e% t‘c}‘?ﬁb\ﬁﬁé &C ‘il&?ss %ﬁrs Jnﬁ%ther starch

vi scosity decr eases. ?'l
conRHBRAEITAR FEvesr o (BT '@Emnéﬁ Y Pt nBRRTP e o
whidhi rgpyrbe sditablia donvese Heeein. dlerdtivesstayoh ayl usedegein, &l cpaseit Bdegpdingtiture.
AIsJ Qut&lﬂa&re Qfarcﬂé)sr Jéﬁ\l/edsfrtoﬁrapglﬂﬁ obt@R tIyl'E?anddréI ﬁéladlr%l teéhRRGes mcludmg

F
crotyi TR rHERUEY (=i N BOR e BH08 B TFNE katre dof forosome
engiseering lie inclode sarialignk éfdereob whigh jageutypicaly |referesidstogist genetically modified

organismE/ (SM’MD In Bakidh,LelnLdamfetRlirbrh laCHMnQ!ﬁoJHEorﬂ &Mﬁl‘alﬂn@%oﬁb @ncluding

ese 1 nve

tho£ from %emlcal mﬂmgéq?gahang vana?onsrci? the ? ove nﬁ?ng aom %l{lonf whu(;P may be
Pf°Q§FeqbdlKW“§§“@?f%mﬁ‘b?dé wtavonayem ye aep Al heiAiInde t he

C OIypicas soundet for Y tarchkd aea®hig tibek, @od, BhuIReBAd fruits. The native
soufcB'c§ g@%éam (aiZd) ZSeaagUt fo, ﬁke%VB&téthQanLr%V%Lrﬁeowr‘?erat %@% oat, sago,

ext en time period (correspondin I me
aMHRAYNa (13RICR (@SFRYr AEOVERB R é’ﬁ*ﬁ?'? %“%t%@f“i'“héﬁ WehR WasY Iog high
amytose pastidsiiegeohi Asusedbdnan, teyigreswafy’ gt'law @mgese” Sirgdnded to include a

starsﬂ &ﬁ\ﬁlﬁ% nanﬂreft%%o& ao% %aﬂlctﬂﬂlytnb PR tﬁirﬁéb@m%‘% %Ltlpamahamy no

morBI &gouﬁ'ucbéy %gu ose S? g? 8%% heremu{splg éeorrhgt?%h ?]m ﬁjosg 1 |n¥en¥ed to

'nclqutaeﬁﬁéucqn@'nlna @t Eeﬁé agut 40, &ﬁ@ﬁ@%ly af Ipast plzout @9% tmpsippdiculary at
leasbtab@t 85¥%AbE WeightSamyiidk.ai Mihe gnvaltib remdbdiedd @ithiny Rxthtdsr tOMall starches

reg&r&ﬂpﬁ ?amﬁs@b&%enl %m&@@g |r§:ﬁ:§g§ll @a[rch%)frc&t ’Hﬁudﬂ&%&sg fhich are
natural genetlcally al¥ered or obtained from hybrid breeding.

The starch of this invention is chemically modified using methods known in the art. In one
embodiment, the starch is treated with acetic anhydride (AA), propylene oxide (PO), succinic
anhydride (SA), octenyl succinic anhydride (OSA), crosslinking reagents such as STMP, POCI,,
epichlorohydrin or adipic acetic anhydride, phosphorylating reagents such as sodium tripolyphosphate
(STPP) or ortho phosphates, oxidizing reagents such as sodium hypochlorite or peroxide or other
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whi ch may be suitable for use herein. A native starch
as used herein, is one as it is found in nature. Also
suitable are starches derived froma plant obtained by
standard breedi ng techni ques including crossbreeding,
transl ocation, inversion, transformation or any other
nmet hod of gene or chronbsonme engineering to include
vari ations thereof which are typically referred to as
genetically nodified 20 organisnms (GVO). In addition,

fooc?ta rG\J@d A4rn/ ﬁgdlfyrne r?eé’geF?tE a@rtzyrgéé'-’wn pﬁyfs@m ﬁf&tebsfeb CduBl as heavacid

R L A L S
combpingtiope thefrob d Saehdchemickinoedifications ararkiowre inhibel art fnd e descihed for

exakﬁble wmed @fa%hé’d FoopHibd U%eé’l &H BN fitzbullg) BRC ®res§ ah., GR%ida (1986).

st arches ar cerea t uber.s roots
Itis an(l)sg pf)ss%le 10 useﬁ]nzymes aone or ln combmatlon W|trb0ther chemuial Jreagn

ITE to obtain
sour ?

starpr@a of st |a‘fe@t|onsVﬁg@ym%oqr%lplessm%h)afyactlob avdhedp, thqg,ﬁétgﬁ alter molecular
weifiHit @Bd otfé@ thabér@fge chdhicalrmamhitebiural At JuEHASEAWE) include, but not

Im%ﬁ (9 erooﬂgtaméﬁég] ﬁ)@]fwa‘n&l‘ag a:ﬁﬁilu as@n?ﬁ%as g%g%@m’&s&ﬁermg m@e‘?‘tases and
vargamdsse. € K 3 RIS S VP GO §1FBs e Siesshi g i e @ high

amfi@eistachude a starch containing no nore than about
OO/@neps@fléd |Ff lt”e%ﬁlv%ulﬂ Qecgg'rz% tﬁalﬂ Qynv l{ﬁe éa@lor{%?{tlons and reagents it

parti cul ar
a5 AP Pt 0GP e SRR vl B tavn el
The mesdvatiens foodigdstianl andebspripa derdend oprinadarious dackors, linsladieg starch type,
amﬁ&@%nt@ﬁ%ndpﬁéﬂulﬁ lébrﬂﬁdsyon%ont’o%%n a@%ﬁ aZQe/agem%e and reactlon

a
ooy T, e o SRR o6 Staelhkon B wpnd el e el pfadeo and
the w@gtaan@r 1:5 g\dwmmﬁue@@o@ow@m vagtiorisdn eagh indiiderl's biochemistry and
phykiBI6gyt! e AbdhaSiénbyolhichQ@taFdh@Sprodested Mmel"t@d)t D ASIENGdM 6 heakte

nat'le aalmou ecwe Qalll od‘ﬁ aﬁ %gy % v % gtqhé d JFLN tlgn profile.
oo IEY o Ay B B T Q8 AT Ut

I'nven
Ch%‘iﬁ' WP@ &amumb*dmwﬂ@a@ "veﬁ@&mnv wasqﬁbknaw'a n ﬂrenarb%eab'e of roducing
a sambadnemretster whieh Hab asenlor Wil berapgrtved by\/lﬁel'apaﬁp?bieOegulatory agency for

co = dr| %fam 85\ subt @Qéélnlﬁré?e Bﬁ(t'nglq nﬂtacqil) H:Céhh ri e p?b%ylene oxide,

Succl ni c
SucEPE IR U TS BHeg ST o as) STMP, POCL,
epiehfrabidrior ohyadipic naeetic abhylride zoét pr'ospandylynjm da(agents such as sodium

tnp?ﬂﬁgﬁhaé ¥l BliilA tgwe{aﬁlﬂﬂ %%n@ b&%nr@ﬁon%@ﬂééém

ri at e

ot SRR P g biirnses Pati BlbRy BE BT gt contormation
or guystedirityché therstagahte rendeg itflese dusagntible toedinestioarircthe hesttiafeyaligpgincluded in
the lir@3iem t Such RAFEERILAE oftA)\BI rEFbntPERAIPRIBERSS, $id @BtioA Bf heat and/or acid

sucgeagtdgﬂﬁrl zgt»on( 91(3 Xa\tcﬁon rUf %ﬁzfthgy Endt Q) MIonso f)f tné/sg rv&L h;? (Nmut chemical

ysical processes and
at i ons thereof Such chenlcal nodi fi cati ons are
k no@iheri nmodifibagiorathat neay ahoteaffect the sigestibe profile but nesyprpide désivable textural

ﬁ?h élé%\d %bél’ﬁé%hﬁ‘fé alf r ﬁ@&fe& 11§ $he2 BdpdISE $his E&bhca‘%ﬂ ZBYE Gdditional
[

S 8 RGPSl 1k P ST R R v Eagmee el
inhibitiemoc alemicak groseelinking tot tpuglien dien starsh zand Hpeayide fshedti resistance during

proiséa;y.sgwt \tGiduld EJaZthﬂﬁ&heﬁlkr%w(éH@S&i thd &lie®YrtiEdinast to ihasebatbinafons are
possrt])% and tmh at % ucmlog ﬁ alu}n m?y a?%hgr?p?sri\%g O%Q&t{o Itnbo%rfications may

n1ca| or ar
'"C!éﬁﬁzg‘m‘é'g MPPFc?fLWGP@CU'Hme'QHb'?dUCI'QnrﬁOf WeFosity COQi'IOb ﬁ%héﬁw'%@vefs'on or
enfymeaggadatiamse, pul | ul anase, beta anyl ase, i sonerases,
i nvertases, and

mo
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transam dases. If the starch is nodified with STWP
and/ or STPP, the starch base nust be a high 10

anyl ose starch. One skilled in the art woul d recogni ze
that by varying the reaction conditions and reagents
it may be possible to vary the |evel of substitution
and possibly the location within the starch nol ecul e.
The nmechani sns for digestion and absorption depend
upon various factors, including starch type, anylose

C 0 %SP Caﬂ(?’{l s%re?cﬂgéda Jc?o&eoyp %I?ﬂcglly%g/:o%gyrg 8{ qugo%%%dwnh some

fombqf ptﬁ cge@d Po P@usar% f éfadcreastitiopsr vioMle roadlfy enpresigierbe variety of
matdriale afld)ékﬁnph@ntﬁéreﬂﬁy‘ recbudihese rédetons e ot & aviewfof thbs@ reaction conditions

see 'M'agfie\é' 1=1J<, l.b‘S tﬂ’opcé%ep arﬁoqg’sg§ ’Ed' Wg&tﬂﬂ*} Bﬂc\ﬁ?ersé q“c' Qﬁﬁdd (ﬁ‘gs%f"%lhapter

I ndr vi ochem str
4. Qs h%?ﬁ‘f°§ l’ﬁeﬁﬁ a%‘?%’ﬂ“‘g‘f' qee Ke jtiized FE‘U@'& Q'&‘Jd‘? %atf"f*?é* Yeefyhe; sgope of
the imentionk Mbesa incladd, ha ager ot linitae toadrp beat reedtionsh salveatakactions, supercritical
fdeMﬁan Qﬂda%u@&%dlp&\svar i ed t Y get the desired

i SRS D Y bepdire DERYSFOAGET RIS ot e Pglges B shoarng
hydromgrabl er ttermmat-ntibitiann dor @@mple Styathe rprasedsedesoribeg gn dt-S.whdterty No.
57288%.been or will be approved by the appropriate

r eQ‘He gtt r%lrn Xma <-:e @S%fiefd%& ﬁ%ﬂgééﬂgg | nEnz%?lgpmo%ﬁﬁa?%l %%jlﬂés by exo-

reagents ar
andjgf 6@991997(!(@%){'?0@6'"9 Wﬁfﬁﬁ%ﬁwa&o"ah)h?%%'asea@?@ﬁyw'a% slfasmylase,
malagdnyst; pull@ianacs Afisdobmyiase Gr 4ng agrruationsdfi B absve STMP.  POCI 3,

ep'Tﬁ e%f Xéjrfiéynoe%odﬁiga ﬂ'tﬁé g@éﬁglta} &at@g?ﬁg{éegﬁniﬁﬁgw using techniques

atln reagent s such as s

L u _
oy .'rp@*re o§b‘ﬁ‘a eighess BesnioRer dsoieseh Pa xRy in U-S. Patent Nos.
4,465002)i5/087,0290 5081,95eae. 5,135,79@ dAisd sreaChapter KBihgentigtianahd Use of

Pregféfa%ife%ss?a?ch@ apab. %h@rfust?l dng FTbé’Fﬁol&d}ch? hgﬂgc{igilrnag %tsgég%tr g%gvevrhlsﬂer
and %@F?gggﬂs%@@%pﬂc?qﬂ“&y idiad e&?&@’%ﬁ in the body are al so

i ndheigatthésnof thik énveniore may de corBeartdd, sushgeriiuidity ercthinrtieiling starches

pre;m@dd@tdxluﬁ.oﬁ eRUEYESIyS) AnYe GRS, hdd @ndisrt dcRINdeRHFnAS. These
ch .as dextrinization, the action of

& arf;

yifhations of these W|th or w t hout
ch "¢ etarch may dPefrudfiied iby g8y Mshodnewp imipaiaftite samoys stateh off flavors,

colofsRyr sadiiizeadidretidl cdnkamnirdti@as inswafopd Sfdty & othBiindésiybiPEompbib@ts that
are q?\% rtdama %t Q)tr %Fe@%eﬂ d@r{ﬁg op?JceA%PXS ISﬁi?ajble uﬁ&gﬁoklp‘?&:e?s%_ﬁ for treating

0|ncu

strciie e GRRPS0 et T PERi8press e by GRpTSH B BN o 8horAlal
washifid gachrtidues ateeaisccadefuardi dascrivbd dntheidamily of patedx aeppdsented by U.S.

4 47t7h§ds ldel) aﬁafy b tzmaerman chayi ﬂ@lsta%mbb lpmhbm, énQymat.c removal

o g d el mpy Rttt BV et e e PG b Rl afon el Gaton
or ag)kcpthqrmthaql krown jn thesart for iggtating @@mmcgrg[aprm’péar@rcgmg@nmns The starch

mayRS/Eshddeisiag tohrtuddidiowd hdie artStd edmo@ bl foleQéw mOIBCuRR Weibi? fractions,
sucr@gscr%mlénﬁla%cché%‘ikg d‘/;eyggl godBGkhfidegati ons may include

cer arn (@ ar wei ght reduction (for
vi T8 qRPodment en fard ji Modiied Bx p AroEssA §RSAFRAM dte IUR FHisisting of
proylegy @dtiatiandm the 7angb dii 3-10c@bduod DSasnaddisation bete raiye\oé 1.8830% bound,

acefyidh Githd ¥n@HF 0BR 4 BPBESInY, ReAHHERH o IBHAR oMMHE dSER the range of

less than 10 ABF, and combinations thereof. In another embodiment, the starch is further modified by a

prOCGQS%/S ra,rg weﬂm&wn

process selected from the group consisting of acid or enzyme conversion to a water fluidity of 20-85,
hypochloride treatment at a level of 0.4-5.0%, adipic acetic treatment at a level of 0.1 to 2.0%,
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formof pH control or pH adjustnent. A skilled
practitioner would readily appreciate the variety of
mat eri al s and equi pent for carrying out these
reactions. For a review of these reaction conditions
see Modified Starches: Properties and Uses, Ed.

Wir zburg, CRC Press, Inc., Florida (1986), chapter 5
4. Other reaction nedia and conditions may be utilized
and wi Il provide materials under the scope of the

pho??ﬂc\)/rgsnéxg&%{lde the%t?n%nt gllelﬁllg%f 0. Q(Htto 8[5‘9 tr%&“ne*t' Jnd ?r% rﬁaﬁOnsq{eYeof In

ctions
yet fapejheq ?’@8@‘1"‘?’6 n @eaﬁer C*g a% éfééfgd R oG ngmems@?‘ar {14/opgepdium
tripdyehosiindiefdt @devblyof phyis D.65Rh atdea mSund Physphatabndrmypbichilbrizia ttieatiment at a

Ieveinﬁ@b%d@os/ by shearing, hydrothermal or
ermal -inhibition, for examp le by the (grocess

ded & feprdant S‘ﬁfcm'séyp'cﬁ*%(ta@\‘ﬁ‘edr{b deptiedpHzasBOrdinado itsripiended efdage- In
generaiythé)pﬂ ismdiudtédad 30yo anatyBitatin enerpgdpdimenEnEyahtes adjusted to 3.5 to about

@dhﬁlgjegmwhmﬂ,émtes by exo- and/or endo- enzyrres
ud |n i,mtat

bt ST ek be' Gt Mook Rot it B EPARR . fiatg or b
drylrzemdclmdmaww dreeg, brezafrying ashidniag P dofngt Indhecelieroative, Teestaesh may
be Lﬁ&ﬁﬁﬁ@ﬁﬁmwedmgfmdl f| ed in the gr anul ar state or

af tT‘ﬁe gg tﬁﬁq s{arc aas.t Anoa ere neg.t t ec Ie S Hﬁﬁatl 135 thlénn%\éﬂs dxges‘ielaewithin

tec ques | nc 0se di sclosed
the @gta’.’ﬁ]g]m@tep rin @oger qngnp@mgnt pqgs\;than @%415 gdigested, and inQygi7angther embodiment
IessShaih 30%,95dge stamalithin, tHedist ZOinutdy B dgssesn, Chapt er XXI l -

Png Pttfggﬂasﬁm sH%ﬁ |sO§ to %%Qfdeéuad W%egzo% ﬁJtecé estion n one

t ar c em st echno s ria
embﬂ&'ﬁ‘@&t tge stggeh is Wﬁagtﬁogp dég?aquw%m BRSpgs| of "Eﬁﬁ"f”b?%d in another
embAdimere rat leadPie35%; digdsted Withinkl 24 OButes. The st ar ches of this

' nVr%HdIthrn thEFR6uRRt s%\?dﬂ\(seaﬁ fegd 60% Hiﬁ@;téﬂ%tﬁ h HAOqﬁlﬁL%l’es%f ingestion. In one
oxi dat |

i d
et D8 S dh 3 R 0 HPRY S B4 MHE B gl and h Gt
emhgdinent] 3 ileastt80% rdigeTerbwithin 9P orutes end iaryet anethdr ekheriment, it fedrt 90%

digedled w.thﬂpao aihaesh may be purl fied by any met hod known in
the art gne smng&m Yhe aﬁgvgglmf be a%etcf alteﬂhet%ucbse Sre ?aée f oagramgfa é Plucose

sanitiz
relegse iptopdigh d’r‘?c?é%m'?aémoéf'%h%p dhEmwY help sducesglgcospaeledss to the des"ed
level in@udetvatha@ lirbitatieh’ leghk edlosdlinking Bved LORLSTMA) @TPFSLphés’ﬂbdrﬁs oxychloride,
S
endR hdid 534, & RIS FEs f&"?“&%ﬁ%ﬁ“ Bl fene Sk, 6355 dbdiyaton. 1
gluogse/releqse 'f feqdav 5“9"25\?3“ RPC '}°a"°A? whieh will Rele ¢ I'ﬂcﬁgset Qé‘t?ﬂ?ﬁ fq'e%% include
withaut dimgdtisio lowsredrasklinkinglleckt ssingl $X&4P, STPR, InBospiamasl oxyabforigeadnemt sdipic-
aceliERICHRIY: Bfboborikk Peatméht, Waﬁgé’\&% &x@@ﬁoﬂ%aveér&ﬁl a%d %Bgthgr%%datnon

el G P T P of A0 B b e e
of C@(ﬁdeﬂwiamt@ém@t‘ts may be renoved by dialysis,
f i 11t wioildibe Bppafentb bief suigkatin 08 art Bt cadking @tstarh wnnaﬁdmde Kigsawity and

rate opags&ﬁjoﬁ 'E)F thé &Jc%%sir9$ @IL blgﬂj %ggn %P% %GE\X/ thtﬁe:}qeé B%&H\g see Brown,

wash usin
MAt Q%ﬁf'ﬁﬂég‘r%h%%iﬁt”‘m gphgsguz Q% renove sol ubl e I ow

nolleaube@nt naEnghplidaticac Bioem st al., $18c40034®4500mt publietied March 6, 2003
|nco¢ﬂora‘§efacﬁ$?§ﬁ 'H;er%fe?éﬂéy osrhoﬁg 'trQO%%‘ﬁ&x'aﬁﬁ ifd&en Ir&kisRRE starch and other

cong)grreatétlré (tpeffmﬂ%] flﬁg a@ art?ﬂs 3;&%@ Iagq fhﬁlé E%s/:t gn %\e dc gest%ﬂnty Gl, glucose

response (GR) and blood glucose levels after ingestion of such foods containing resistant starch.
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propyl ene oxidation in the range of 3-10% bound, OSA
nodi fication in the range of 1.5-3.0% bound,
acetylation in the range of 0.5 to 3.0% bound,
dextrinization to a canary or white dextrin in the
range of 35 less than 10 ABF, and conbi nati ons
thereof. In another enbodi nent, the starch is further
nodi fied by a process selected fromthe group
consisting of acid or enzyne conversion to a wat er

Lgééjé{-ut é %I g&atﬁﬁ’ed onh% QQ/E hrlu? [s! tﬂ)‘?caﬁyr &ﬁgu%ﬁna reh ?MQA a food

I c acetic treatnent eve
prodi. 7 higdgod pedb% R 8k HE PASPHRETCAFaSHI 6 o1PE ifin gt Gires. n one
embogient, 1bé fddd B0dantpola@d Eprovide st swbstdntialigizero oolebglnate @legse curve, to

proJlJéeaﬁ %gentlah)pconéﬁﬁ{t arQbRRdd gﬁﬁmdélé@m?ate t hg/ starch | S
an or. sod

tre

{1 T osiat S et elon il Sha e Ty bg SheuBes RdR ey Hate, but s
typigadiy) paohs hegisaitaacaeking endiey ptherhibrogepeing. t Theteforme tite inentipn i$ istepfied to
mcIthe tlQ>s3 sta@heb. vhih, WhehRBAJIAS ol amt prédedded Malsthb Mvahgd o changing

the 8“ C?se re e(gselt c%rvteh?n %% Bgcﬁﬁé% tr%Cfg %rg Qginé fﬂa pFo%esg%s?{?gw ;gov:des a

subgipnialty @“’()Ofd?’rﬂ l{‘iﬂ*‘é @I%i?d‘?%np P't"f'F@ iﬁ‘l—PﬁS%"“a'bn qe8ttany apg sustained
glucdsdrele@seartito UtSuctdfols adssintgieti ®¢ IHai riptieds kavonad inthé Bfangples section,
infraN€ starch nay be r ecovered using nmethods known in the
art particularly by filtration or by drying
i ncl hﬁ &F%C%b F‘Q?‘“‘?ﬂ’r%ﬁ’ﬁg‘be? PRl ueh ?/l'aﬁQj rapif é{‘§f‘?aiﬁ '9I q’?gd Glucose
levegsi typicdl of ihigh glydemid itdex afatceesnach wemodt halive ttarcids. Inaigad, H@sdodified

starH%ggro\nBe b BRrd thatidiath ikASHIE 269 th@%ﬁé@hneﬁﬂﬁchﬁ@ﬂﬂa‘n@@%r a longer time
esti1.on gr of il such

penpéalglstaﬁgﬁro%% °%§ang|"3’éa§?h8 |w1 Iﬁrpel nd[ rﬁ%d {“f:rf"%ﬁe "EHOOd gﬁucose levels
afterringegtiens of fopd gentainingr the sisesti andrite blecpse tréieane X0 thes prepared and/or
pro&k;g;essdoeqi subH@tidig copetntanot her enbodi nent | ess t han

o%heIcﬁemlcaqe%t ?ﬂed\’\@tér?‘Les d%&:ﬁbﬁfdl = 2osem nzlaJ tvarle:tDyO&‘ ed'bjfo'a /)ducts

~ ingestion. e Fesurta ar Ch
inclgflinge Sttt \kﬁ"'feﬁ'l th haked gpadert iBaluding qrwgeret breads, myffingn Bagelpp biscuits,
cookisd) piel ciie)tand tdres; Sérédl, Ohirs) (Bzz&tpadts atssindf3; itdliding b@e&dieatlessings and

spomr?glla g%s;rrﬁ%g ;ﬁg ﬂHPse ‘?hcl%m fﬂﬁ%ﬁ} %Qﬁn fﬁlmgs sghc?ﬂ %Elb@%white sauces and

est
dainipagge esucey f'f"‘%léﬁlf"ﬁﬁe&%saufﬁegrﬁ\é%su Féth'PssP%{’FEW cystagds; yoayds; sour
cre§/balbrgesst iedudigtdairybaetibendraget;axazex, candigestt;icomfectibneriemand gums;
andes diment, the starch is at |least 70% digested wthin
nutes of in estion and in. anqt enbod |
ot oG ey 1 BRRGPVT pRR: asPrlTond eng SRfRaeR Mling cetary
supplperttee rdiabetisoRiPadrsist progicts| tonsustaiBY, en2@y delepsst wich we tsprts drinks,
nutrdiékhl Bar§laHd@sergybtes. Skil 1 ed in the art would be able to
al t'ﬁ'n c‘ﬁgrlﬁcﬂs/ %o(aﬁgd Etg cl??rﬁag be a?sro Lﬁé@ﬂpL %a#iet a%ﬁv?a? ?eed H)roducts

rel ea em ca
weagjng | f°rﬁ7é'|aEP“F efereiag g&Eﬂ@Hg @rovg) ang @e‘ie@p'f‘ﬁ‘é oaé@l P‘@H wepr@g gqnimal,
pharmecbwid® faxintilhtoos, nuirivduticats| over theghetter (OTR)Sirepakationg, fabiete| capsules

and"&hé?g(nﬁdvg)rug QdivEry @m&&p@pﬁ%nmh Eﬂr‘hél%nsu {H?V &d/or any other
I ease ution wth

ce
ol e en e oo e Reel G aes T 14 ?fﬂy "9} ucose
r el Bgshenieally modilieg\gtarabpeefi taia inventien faycke adderdsinighy ahount fidsired or
necB&hiy tb R6tIA ARLIUBHILIEMS f thel BmB&ItibMCInUsHe embodiment, the starch may be

added in an amount of from 0.01% to 99% by weight of the composition. In another embodiment, the

starch is added in an amount of from 1 to 50%, by weight of the composition. The starch may be
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without [imtation |ower crosslinking |evel using
STMP, STPP, phosphorus oxychl ori de and/ or adi pi c-
acetic acid; and/or hypochloride treatnent, nanganese
oxi dation conversion, and or other oxidation
treatnments. Conbi nations of chem stries have to be
adjusted to a starch base and consider the effect of
conplenmentary treatnments. 30 It would be apparent to
one skilled in the art that cooking a starch wll

addéﬁ tt) %t fodd\& bg\lle%gtﬂ" Jﬂé kdrbe/maer as’ A Sthef stakhs Bhdily ) nﬂgng dlrectly

g ucose eP|OdStream For a revi ew of

'"mg‘leip@ ot B'fade'%'f('f‘ﬁﬁf%'@é’ BOW- MA., et al. British
Jordibia| pragiuctiNmgy be foomylat@using 218> Mquifie@ @Y .of this iaventiop dp provide a

subsﬁﬁﬁlﬁmzer@laﬁller' &lﬁbéeqaeasgrréi’é’WS@ﬁ prdbucts mdP pRRide the QdzaR&Avkth glucose

overp anfextFncp nge geﬁlgd and r:hore conftar{t gloo Sgﬁu%[)saet egv\ggLeIr 23 Ib)sl t ant
st &iredety walc*bpmrp' andlgr ©eHFd H@ rietg anqh magpitudedl 4ICEse (ASPPIIign may
incratdé kAL forilghgétImeqaabds, et thuabé esdiul drwdighematiag@sdnt. bTHely tmay also

provae su&g H&Oec’r%rd’yerélg ?Sﬁ'\d( ﬁ@ grg: télth(Pe(Rg p&#o%%g lrlcﬁgla%ﬁ‘almng and

gestron of suc contal ni ng resi st
'mp@i’%iee'ﬁ n °°9°eS'l'aé'P’<‘:'Ha'Ft§"ai"%ﬁaé‘F)’PeE‘BrMsumsd on its own, but
| S Thy pratiadts ynag Oxies Uprexitieashasmmaceutica! endlnedist incladiag femlodng the risk of
derSﬁi}%légbete t §t|n£ Q%nﬂu&ﬁ%&elmst& V\ré%ﬂf rﬁé”a@én?eqt taFPd preventing or

resul esired se rel ease curves.

AR TS T PRI T DR %va"ptdsmﬁr@f)db@bfw'vs's
substantially zero order glucose rel ease curve,

Exmmﬂggde an essentlally constant and sust ai ned glucose

f | ou? %gc}wm ex?ng;?es r?éeypr%sgnt 5 tﬁ ﬁ%r alm?tﬁ\te E{ng e)fpgaw tb& %{fsgfﬁt "E) ?tion
andquou'dtrywed@l@n g lniting A reafre ol REERERP Hpd ATSCHN Grweishtfyeerght basis.

processing. Therefore, the invention is intended to

[ : r ;added to food and
1heg9§@e E%ERQ%§$§E?ﬁg&ﬁ§v&ﬁ%age 0 c anglng t he gl ucose

rel ease curve. I n one enbodi nent, the food containing

Simtilated Pinexties-S (dgigs etrat Burppeaw aletl o CllrﬂdablSdtlallm,HaQZ, Y6, IF3FIB0)
or ¢%5d GiieosR gmhmﬁ@ed%g i WastiokiB PoRYdr gt@rcﬁ@an%?e%%@géc@#&é toa

stapt and sust al ned H% ucose rel ease rat
paﬂﬂg&&g oL MRS °ééesﬁy5‘%°rP8° b HE9 FheaTPeR Yeiphpdiapg added to the
sampleduiel 69 mi @ta pensin (0.b%), gaar gl ¢0.8%ke endCidC! | (§.0m WD sdiutietlare added to
eachiugs.ch does not produce a large rapid i ncrease in
2{ ;gr?ch%l éJ 8|8§o§% stan ard tul%esya[?)et E?r%p';are%{ y-? Ctﬂ nkgs % [nea dbuﬂ? hcgntglnlng
025} gpdiymogpetateran @ ﬁ%é CHPIER FhiRsidey Gispse smm@rﬁaw&awmg 10 mi
sodiaiQacetate baffdd ddaatbribae abdve)Cdndi 19mS vistoaingi@dglficdte solhtiomgStandards are

pmﬁ%#@%nlémﬁér'Od It is also process tolerant in that
ere I's no Iar%e and rapid increase in bl god glucose

eViEP §N2YRP Mirs PR ‘?Vd'ﬁd'EH‘ &G BOCHPUPHKRIG SoRR FEpdy tn! 20 ml
of C&wdlzetch\eatgl mnixing evell ethera sentrfugogn at [3e00g rfgptr Bdutesnd/Tor superatant is

coume@@ﬁ@m d W%vérﬁsé@@%%@@ﬁ&%ddb 5919 mbwhovomed.sk ) are added.

Wl SR RS P Dol BABLFRC o R bl S Tl b 10
mi Qf ispAiume@retats, bubierlierpideb@ieng, with glapuiillsigartlentkaid i, phiicablizieakdown of
the Banipld difng haR).S, Dbiscuits,

5 ml of the enzyme mixture is added to the samples, blank, and standards. The tubes are

shaken horizontally in a 37°C waterbath at approximately 180 strokes/min. Time “zero” represents
the first addition of the enzyme mixture to the first tube.
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20 cookies, pie crusts, and cakes; cereal, bars,

pi zza, pasta, dressings, including pourable dressings
and spoonabl e dressings; pie fillings, including fruit
and creamfillings; sauces, including white sauces and
dai ry-based sauces such as cheese sauces; gravies;
lite syrups; puddings; custards; yogurts; sour

creans; beverages, including dairy-based beverages;

gl azes; condi nents; confectioneries and guns; and

S OUdpay 2021520EQ1'd Qh@mﬂ[ﬂ@é‘j U%tnﬁ aftfus® ad rr&ndv@& mg mh%aﬁrﬁ%!aHﬂ@s and

nutritional

coc o e ] O B GATCTS i ool L Ao
is centrifuggy atr3800gded0 girotes.as sports drinks, nutritiona

barge %ngcisg Q@rﬁ:g&e{rah@{ i eachtBbeCil ﬁl@héﬁﬂe'd' u\émm gfdc@é@ oifdé‘sfeﬁ)gromdase
me PR T PP S 1oBh S P P RN T ARG RBR T

deVidk degreenf stefch diestiongs determppdy calgiiatab the gBigose concentration against
the @lh@l‘sé@&ﬂum @dihg 4 EdnlaisieH thadr %5 0.9) Lﬁdshl&%tétdi\@ab&:% QMEN di§d8Ra” (dry

wa@?ﬁﬂs?&m &Fg%ﬁﬁhgﬁgﬁahégns tabl ets, capsules and

I'Very vehicles for human and/ or
aniBYal seepe Lﬂ’?ﬂﬁ'%ﬁatﬁhkﬂ?' s #nfpfemnpre pameigy il 1ncatked Gerntiaret The
acceaenl % aipestiort vafue i coowiatch afe listed ie dstte 10elogh ucose from t he
formul ation. The chem cally nodified starches of this
|nvent|on may be added in any anmount desired or
cessary to obtain the functionality of the

ﬂmeOnpmsbtlon [{[re0one enbodlnenum the starch @y be 35

WMOI'{"H| dallt di L“Blil4 UI I ron© 80"':1:470 t0—999% Uy 96@[49”[ UI

r‘nrmnm tigan._ ln another mhodi nent the starch is

1""9%"6 SR §OrBEHoR MBI VR i NEEna Biars™ 5 ClamcgTemesry. Pigewater
NJ. B¥hposi tion. The starch may be 1n added to the food

or beverage in the sane manner as any other starch,
Bo&ypg&gﬁolr%,\pmvsrg Xi ng directly into the product or

) Edj ble product

" LR BT R SRR i <Gt i G - Wasn the
samptevasnthé diter wish Be M dfedeinizen tyaderafpuritiies.\Dry @araple pideem temperature.
premryamﬁatrvay Q%%%rcfh%tuﬂy .nSmcnmpsdacwmgsstme aRd il thkesdntpR for 7min,

coo S TFtpa B35 st o 5 ROk BB e
pariicgiater oThe 2ATPIS s hem analred bm@dqca\te@y %maleq*rﬁgwm Selestreetry (ICP) for
phoghd i SiEinstsraiat dn@iticaneyoce dufaI t6 @btein S6d| ibbiing pheyphdrad) g&dded bound

pho. hafas g%{at'eﬁ’rﬁﬁed b?%trgéﬂ togpboHﬁquhU hbrns We%%?émﬂéﬁr%mﬁ that of

é} a provi e Sust ai ned energy release, an
the fad déﬁﬁﬁnce athl etic performance including training,
and inprovenments in concentration maintenance and

ModBRORVki , B.l&an&ic&gt@,qucts may al so provide
di ng reducing the risk

MePsFre mdms?urﬁ of expenmt—a‘ff\al Btar{.:h grhvu{v]gncgt[ll ng obesit y suc h as
Ca'wéﬁtegmountd%@ddtypnabmtgmqurﬁ%@awwéﬁh? stargihi@ 3ol RONiaRE 0HRS% (WiW)
whitH i€ atypitd) moRRNEk)Mereddk, ant Bisdlt dsugh.esi st ance,

Wewl_%%ﬂll\ nfoS Rhiffng B3V b RLASEh RrxrBAEH, B¥& o' b8 itb § bow! and

turn the mixer on to a fold’ position.

Begin addition of pre-calculated 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.
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15 The foll owi ng exanples are presented to further
illustrate and explain the present invention and
shoul d not be taken as limting in any regard. Al
percents used are on a wei ght/weight basis. The
foll ow ng test procedures are used throughout the
exanples: 20 Sinul ated Digestion - (Englyst et al,

Eur opean Journal of dinical Nutrition, 1992,

46, S33- S50) Food sanpl es are ground/ mnced as if

Tramkégco%@ @lydrfga@aeéh b 8F SbmiRGHTH @&5nif £1 2%%@%%% bRy froa

m crons or |less. 500-6

sl z .
e"eﬁlﬁw&f"’eég pige ?°§°’R/8156?1%aﬂ and added to the sarrpl e tube.
Pretle(atarﬂoveftoa9q3@p3| n (0.5%, guar gum (0.5%, and HC
Bak@%eﬁ%?dr%d§Q&HJ£H19U‘*C&UrQoﬁHded to each tube. 25 Bl ank

Takggw ﬁ{%mg Puﬁrow t%efaog/? nar %c t.ube ateay 'ndgé@Pﬁ mg .Iasjl;ﬁ,{ar andacpotse {he lid.
Cochihel starch Rysaalempaipiie hanmﬂreme wpigieie Stbakechsiatelr gaviregtrisally. The

moiftlre Révitétloflie taked stigeh bRound be ir5H$HBYA MV /AL @hgrivwhich isftfpal for cookies and

blscqjqﬁescri bed above) and 10m of 50 ng/nl gl ucose

ution. Standards are prepared in duplicate. The
TespglyopraTelRfse e sigral ﬁ%{P%’&tebSP’ slagitingnag- t'@“‘&?"‘%’%ﬂ' & ggting the
follgpémaciaeat i n (Si gma P-7545) to 120 ml 30 of dei onized

water, mxing well, then centri fuging at 3000g for 10
m nutes. The s er. nat n ol l ected and 48ng of dry
Exampleod,+Fyeparal i 85 M AMG E (Novo

Nor Thee Siilowiag encdifickdions aFé @Ielﬂktmph én thebaets arglr e progedures L@ imednt as

gu.@hce%%ef KlileBEhigkh N nesgéﬁmnﬁo%m@\éﬁ@béswm B@crﬁagéa taa@h ev8 different

ium acetate buffer is added along with gl ass

m°‘iri[}§f“f°§/’er¥ﬁ?bl es (to aid in physical breakdown of the

shnfpbrylede pxiqegnaedifiagition g} 9 oB®lig sqdfumgfydrokide erp digenivediniat 190 of tap
I S wslatedo ahd1ixsaumpl Bmpletaly aRoive@nsh § biabdlah ddfate TdWBen added to
t Uk%ﬁéc’ wibS a}nd mggé}n Q?Jo\véé) n'h‘@'t r{yoc%_gtar%h ?‘s ﬁ:en%hgor (%?C‘(Ig toatile stirring

appr oxi nat e

t he?H¢qu8 f“'%?’ldlnﬂ’f?d et ’E”Hfémé ﬁ‘?ﬂ?ﬂé‘ 'W'ﬁf’tﬂr@y'ﬁ‘f’ P98 af¢ 3ddqd to the
t ubs&rchlsltﬁry/ﬁ\d atixe@ @or 112 Q, micuted. 246 sininnidtties , trabsfdretlinto a 2L plastic

al i %wataﬁd éJda%dr SRONRE dnb esnténtgearé msypeéeh% égmz £ rﬁbﬁﬁjg cabinet
eac % et hano

(& LB e aplang o I pourAerha o  CFPlp, Mg Ty gisted t
cenH 3 Withgiiate adlfu@Ce0gnd then dlower th oixder. 301?mytegl mms then adjusted

CO%%@M@&I 5, erand é‘ogﬁ%g hmﬁ@gﬁ.uh@ H@ﬂ@éﬁoﬁ%mﬁrégstéraﬁs recovered by
s 0% S PR wET RS wi u O e 0 SRRy 5 1S B o

pr o@édtﬂ“@d topifEryd dge eempif isgengpiethusiiogasga staseh. i s
dpt ecwhynettchy aadsl mddifitdiot he 1ghl WE TDE gReB e WhXyahdiZRtarch was

ag a;&d?:%& in at%epéagl %Qﬁe‘?aﬁé AR50 i g%%ﬁsft%;‘é\éﬁp %hORixed with an

are given a ‘ ) o
d| g?é’éi“é%ﬂ’ S"(’%JN‘”G RR%P'@' Hes W&@ieg Jo a3 vene Bpsodymdvdraxige- Theagitation
m nefttes reatfipe mas Santphel winilal 3y gliggotb at & lyramsclfande®tahof 15 grams) of
r ef &ERN&RCISATM Bridel (OSRS QB EAdELENBHA G Ute FBBments. The pH was

maintained at 7.5 by addition of 3% sodium hydroxide. The reaction is allow to stir until the
consumption of caustic stops (less than 1 mL in 10 minutes). The starch was then filtered
through Waltman #1 paper and washed with an additional 750 mi of tap water. The starch
was then reslurried in 500 ml water and the pH adjusted to 5.5 with 3:1 hydrochloric acid.

The slurry was again filtered, washed with an additional 750 ml water, and air dried to less
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10 accepted % di gestion values for cornstarch are

listed in Table 1, below. Table |I Tinme (m nutes) 20

120 240 Sanple 1 (control) 18 4 804 904 Mel oge

starch, cornstarch commercially avail able from

Nati onal Starch and Chem cal Conpany, Bridgewater,

NJ, USA. 15 Bound Phosphorus Analysis Prepare 1. 7%
slurry of starch in 5% EDTA solution and stir for 5mn
and filter. Wash the sanple on the filter with 200 m

Of tﬁa%l 1%9' %\9gur\égs groducgtﬁrn 5éﬁfT§§rch Dﬂ( %@Ig%agtreq;gtggusm%/a high

tenperature. re quantitative Yo st ar ¢ urr
in MN°%7°/§&6'”B@|'CP1 ng stones, and boil the sanple for
8 Avety/dfed € 8 ddtaltob 500 gramt efrpexyarhaizesstarcueast placed in\agdLyplastic beaker

di a4 @m:WéJ H 78€ PR ¢S, vm Séakerqﬁaeteaa.édég ith &h Jﬁmgé/oestlﬁ&)énd pH
possi

matrolr e Ay Ao At FE: P CFOR PG fo mabtain o
ph asgohiemined seii nogt. sthamt@pairoban alay s4t ead.0 pddtedlurryedijusted to a pH of
obtzabi 7t80t,ﬁ|dr09 wﬂ@nw&%&w& w.tﬁdgigséniaweebuc ahgamcgnu%et to
B S o B PTRAT A S8 i I BERRL 4 oo
st eagitaiion. 2 Bfteygbie Rdditigp lef the /anBidede vas m&tesygv@mmuﬁ*wed to
rmi OhtiiSfoPan KMEHal SRIALEY atPHATRsIG IS fRh Filtetaal thiyugh Whatman #1
It r

a dj p%g% %bﬁw%&‘l@&m@% 5&%5 ok BF ﬁ%tg%g tes[llfr%bgta{ezlg @o?«\t/avc]it air dry to
whi'ess thap 1% Jpistusg a’l‘i’o‘?%"c"ﬁr’?% 1q P the lardhiogriale: ame examp'e was
bi sepsiated donggpocBQartéi gh 50g of starch into a m xing

QPV%TWS#PWB%EH Mh’%@&%@r | °:¥\&fo rﬁT‘foﬁ‘ o Gvakdh %@%eééﬂFe@ into a

Xer on

bowl
BedF‘??"%{U‘t?r"*‘ﬁ' o?ﬂ OSfNafﬁoé A %‘19?%1”%"“% A0 ﬁPd 6¥’£MP‘5F'SB%/V9d With
S praayd agifatioh,e2,208¢ Bigh amose (~e2e)stoarstanchwierd agided aod thgn 8% NaOH was

eNSYIG&) GYERisdTRI A LR 45 @Eéédhb”féaanmmmlnﬁ}t f?s@!@gﬁ:ﬁH for 44.14ml
a1 B e s s e Pl bl a7 P jborane
bowas afiiged to #C. R296i0heg 991 REMR/STRR @diwas added Fndafiewasito react for
5091 70hburs hend prow Rt reshtsied Wik a céHtrollef BndedAINADH! (ssf.is@co@alﬁ{éam The

L o A B
hydlyngtaéd-l(gfpglr\%ﬁ usipg 485389 HEY- g resplifant starch cake was filtered and washed

twice with 3,300 ml tap water. 500g of the starch was then slurried in water at 40% solids and

placed in a 2L plastic beaker and slurried in 750 ml tap water. The beaker is equipped with
an overhead stirrer and placed in a constant temperature bath pre-warmed to 40° and the pH
is adjusted to between 10.8 and 11.2 with 3% sodium hydroxide. A total of 4.0 grams of
sodium hypochlorite is added and the pH checked to confirm 10.8 — 11.2. The reaction is
allowed to stir for two hours at 40°C. After two hours the slurry is adjusted to a negative Ki
test with a 5% Sodium meta-bisulfite solution. The starch slurry is then pH adjusted to 5.5
with dilute HCI and filtered through Whatman #1 paper and washed with an additional 750 mL
of tap water. The wet cake is allowed to air dry to less than 15% moisture to afford the
oxidized starch product.
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5 Take the starch out fromthe oven, place innmedi ately
in 4oz (118.3 m) plastic jar and close the lid. Coo
the starch to roomtenperature and determ ne noisture
of baked starch gravinetrically. The noisture content
of the baked starch should be in a 5-8% (ww) range
which is typical for cookies and biscuits. Test

gl ucose release fromstarch inmediately or store it in
an air-tight container for testing the 10 follow ng

gz_gﬁglw@\ O%CrOFﬂ!@Qg{a%éFon of Chemi call y l\/bd| fied
ifications are no

wn in
Sa"ip{f’e’ ~FOPLrohERIN $PTEN: Mel‘}%% e CaerFRlkR1aiaRle from. Na{j?ﬂab%?f ghpand
ChemizaltGoenparly BridgelvagariNJsd®A Reagent anounts and bases may

San% £hang ﬁwdofttéb wakeh W& e Suf B o eactidmvedBili 1fob§ ﬁ&gsgﬂvere added

w1th§8é$mﬁnﬂ§%|;eg%ptﬁélssgl:\]/%d %bﬁ?g%ﬂatﬁopféaoto%@m st%tfh%{:eé aosded and
then@h ¥aOthvaseRdednep-wisede the gty 4s ’19@1?9 teerpach ytomluaﬁgwtw@elual 50/9

NaCBH f0rf 442061 didiritidl fred Surlyvat Biped RAIARAE the @H wak écUhBJdG(bH #016B). The
tem%eé%ura wap adél.k‘eg ko &Q’% Vi%g%?fl;'@@n tsﬁ‘Hbf%‘%B blg;lc? wa% ad?e% ang]gpnged to react

for §honsd T'emft“P'I PHLﬂﬂi’ fempwﬁtuva«ferede@rqeéw 1§ Oéﬁncb‘r?o@y Tamrt 3§ agivsted
to 53with 3:d thed(pH 8.47 beng21®4 SOAMTN THé LeBliltgnt3tacth Baseads filRfedandl Washed

tmebvh% 80% iyl Eg%va Ufh@ alJe%va% E}gﬂbléﬁ]&@%ﬂ 8 erded into a 2L

sea bott e and contents
ee3 tal'Pé? mhof éﬂf’é@‘%’ nto ¥2HPEITEE P arpactionyessshi1qeg Naz-g@ewere
addemlm&@taamdaragtlrteamw difsoived. 8Vithayeodsagitation, 000w rm stact wepeadded

andltffen @%m?ﬁtmﬁs alides dl%b gWSE Yo dth@sltﬁ@]ah' Adaey tB Qeacrpl'drr?P al\(\éllﬁ R/ 667g

NaGH o el TRES 3RS sbePoe pikpe T G sld rsureciSy a%a The
tempergurgivahadilisted toe42§<b diGmemﬂs/ﬁ GXMBSTE bleur wasraddeTiraad glowedth react
for 179nonr§ CTHeahA QHRNd 18Mpdrathirb waleir&Braad@Ht ng2 &tdau@fda mlﬁﬂ was

adjus E)hesd!} V\Mh 3hIaI¥@ p‘?—{ﬁ 4731’1&89 f g%g?hblarﬁ% reFﬁﬁjant slflarch ﬁa%e wag filtered and

washedyuise y@h 30y tag Agtr- stha FakR Wawmf('ﬁ%deaﬁ? ir éf!ﬁécu ni c
Sarspndwy-drdod el sl iate at | Ofvas méasti@t ato arbachtilvegen MB o, 9@ e re

addgﬁjuﬁeagﬁag&{ i @@e‘% n{ﬂﬁ ligRdy IWlth%O%hadﬂLt@ﬁ i Z%O%ﬂ'l(s%rcr@v@aqe added

rrre

and,fep H‘V%OHMPé PFP@QGWQWSP F°éPe Hiiyiag needed 1y W%@O"&a’j‘%@'wé@fﬂs 0
NaGH for 4£s1|4mgall&%lt3 0 dhesturtyynels sticied & hr ahl ¢he afiwaatecated3pH of.71).nEhe
temp& &G Wah adM%f%d GABb . N84l or'ittio)s %TﬁlP)%'T p gl‘éﬁ’é wasQhided 288 AldRed to react
for &&HV& a]ﬂ}fé) (vt% K)aln\wregw%bau‘éatrog?r ap& Z {\% H?Srffg.p%consumed The final
PH anddereneeatireswerd reeorpdd (Rl $1.19anid AZ°§). Nidvd Pl vagadistey toeffalwithi SoinHC
(pHGfa9 al%gszwssgmd:\y dnhe)@'sdam stHRA ch Mk hiRfediahd ﬁdn@d\twtcg T él,soo ml

o) caustic stops ess than

tap%y Th%ga%ewgs‘? E {ar ch was then filtered

Sargig 609%509\&?‘6’}‘?&&1 1#‘1“9}) afp‘éfr’ WalRWela SFadHresi IPtR aaRacdiervaspin PO Ibs
(45.4Kkg) NadSOp vert agidedaitie agitafibh @nd stiared imtiBHssoiesi. Wit ryosdogitation,i2@@0 tbs

(90%.5k ﬁ&gor%ta?eﬁtvgﬂé 280, TR PRI w3 h8Ed bPat/manid ¢ Brgdmitute) to the
stargty aurry as neeJeg to reac?n 40ml alkalinity (about 600 lbs (272.2kg) NaOH for 46 ml alkalinity).
The mixture was stirred for 1 hr and the pH recorded (pH 11.6). Temperature was adjusted to 108°F
(42°C). 200 Ibs (90.7kg) of a 99/1 STMP/STP blend were added and reacted for 17 hours. The final
pH and temperature were recorded (pH 11.4 and 108 °F (42°C)). pH was adjusted to 5.5 with 3:1 HCI
as needed (pH 5.4 using 75 lbs. HCI (34kg)). The starch was washed and centrifuged on a Merco

centrifuge and flash dried.
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The slurry was again filtered, washed with an
additional 750 ml water, and air dried to less 13
than 15% noi sture to produce an OSA starch. The
exanpl e was repeated using a high anylose (-70% com
starch. c) Acetylated - A total of 500 granms of waxy
mai ze starch was placed in a 2L plastic beaker and
slurried in 750 m tap water. The beaker was equi pped
with an overhead stirrer and pH 5 nonitor capabl e of

auts%maies saé by 15\@9' 1%9.”@1&@@&954@@ bk)smé QPﬁé gr%ce%Q e% gfmué £ The

contro
am%@f %gél SENP/ g”ff’ bé%‘?& WF?]%""@PG I‘°r'§5”5?j'}“ aéf%rad P%’“%\p*t?PP"t?f”s level.
abdiamplés 83 arl 281 BQGEs mepification e V50mhf valea wgetieasuted intdregptionesssel.
2. Schtf Nﬁéﬁﬁér&ad@é@%ﬂlmrdg%o@m Hedd Unf disSiRlel.V Sd0 d?ﬁy(fréi(lyéropylated starch

ove i]
werk £t 'l R0 Sk SR E e AecsRbrien e g ity e Seipfion oo
neegaelig chabiieH Was!-% ol lstutrewashairede hbt 4nd thevidswas | réaotded] (Ho! 15D  0.02-
0.2§£8 POCRURs TaBdedARd ARAED fo a1 forBOMINTWHIE Siirritly aPidom Tdvetutl. Mite pH
oo BG4 4 66, R S M 8 B0 AR 7o
ml tap waiRte fhe qgkevas cmpledl gnd 3iidsied.t han 15% noi st ure and
I eCroy amewht bf@owidphdsghdrizeins tha ambunheieiuadse relcbB& vetadgidr@ined for

oock s SRR ! RO, PRRERRTRBEn e 100y 11 of 1 ap

wat er was neasured into a 15 react| on vessel. 110g
_a_bMIZSOZL wer e added Wi th agltatlon and stirred until

DU' coﬁfs TPRTpROT I at Bbﬂr\g thwu&g),el\gdﬁwaxéwﬂ)

O% rc were a ded
Ged drop-wi de to the sluff§PA¥Uhededed to reach 40n

alkal[nity (7_.":3gohla@dh)f or| 44. @4 [al20ain Nfi t ydOminThE 240min

| EEPEPERETIR PR P r—ad—Lall
Dot EE T Y Was— st et —ant—tdig pHjwassecordeg—(pr 5
e’li r571 The tdnper Allre as adj] ustied Yo _dbC 5200 of 8

Denfcayn/ 1 STRP/ STPP bl 8nd wals add®d and al’l owed 74 rehct 89

Det&dm 20 1/ 3hour|s. The pH wWas nmintal neCJQWI {h a4s 62

caont &Ml or ——an 20 NoaOWl (EIEGS & ononclh Tho finhl
J /70T \A 1 J U -y

lllll

\JIILI rll | I | ATl \ \J\JII\JUIIL' TITCO
Denfﬁ’r tenperdture were rlecor gaed (pH 1}: and8 42Q) . 15

Dentfpasn pH wa$ adjlusted?2to 5.5 wW4th 3:|1 HCl (pH % 49 4

u3| ng 2385. dag HCr ). The resurtant starcit cake was
ere with 3 300 ml tap water,

S5 54 8" LU THE INSEREaout (pieiald Tl P APRINRE] Soris,

CO@@M'OG of AP and|SABR td rpsylt i ) altpredidigdstionseark efrthigiingentitnu The ed

digdstion €2Reddf tHeddlstakeHe€ bre ddfiedoemli@E 21 S equi pped with 25 an
overhead stirrer and placed in a constant tenperature
bath pre- vvarrred to 40 and the pH is adjusted to

Exaggie\ded] delogs ! e Slarchas hydroxi de. A

t ot/a‘lraneltl of4aa§)a @ara‘m waie mosmmﬂlualng hg plﬁrhhcntlc Ahydriie aeddeths

accBrgifl {ol?f% Hargl %%&ﬁ%s H%c%e fn‘ tﬁéﬁblge é?lampléls]to 8btaid & eaneté of
modieh e, Tho ibes IR Sty Forcles Wats s I rasd retltieg & Tabl

I, befow. t est with a 5% Sodi um net a- blsulflte sol ution. The
starch slurry is then pH adjusted to 5.5

Table lll
Sample | Base Starch | Total Bound Phosphorus Model T=20 min | T=120 min | T=240 min
# (%)
1 Dent N/A N/A 18 80 85

16




30 wth dilute HCl and filtered through Wat man #1
paper and washed with an additional 750 nL of tap
water. The wet cake is allowed to air dry to | ess than
15% noi sture to afford the oxidized starch product.
14 Exanple 2 - Preparation of Crosslinked Starches
Sanple 1- control corn starch; Ml ogel (r) starch,
commercially available from National Starch and

Chem cal Conpany, Bridgemater ~NJ, USA Sanple 2- 3,000

s 5 [\ oyt B odkiel CAFTT gy v bbEl73 80
1Poy b&aﬁau'—wvc e addc\b245 Wttt Rfar on ATd—stTTred,; 50
thlti De LM;:.DUI v&:(j'. Y-t i.b géuud agi at 6"0%&2’ JE}S}Q%LUI L 75
?l al ¥ T a‘l‘:cu CulLb14l ||C|| O/) | Alu Okle S QUUj;I:M 47 56
Ul UH V‘m 9O l \9) e S0 uUrl y Ao LILAYA Y2 \v) moavtl =TUITLL

al kalinity (actual 667g NaOH for 44, 00mM alkalinity).
The slurry was stirred 1 hr and the pH was recorded
(pH 11.68). The tenperature was adjusted to 42C. 1608
of a 99/1 STMP/ STP bl end was added and all owed to
react for 4 hours. The final pH and tenperature were
recorded (pH 11.02 and 42C). The pH was adjusted 10 to
5.5 with 3:1 HO (pH 5.47 using 164.99g HCl). The
resultant starch case was filtered and washed tw ce
wth 3,000 M tap water. The cake was crunbled and air
dried. Sanple 3 - 3,000 ml of tap water was neasured
into a reaction vessel. 100g Na2504 were added with
agitation and stirred until dissolved. Wth good
agitation, 2,000g corn starch were added and then 3%
NaOH was added drop-wise to the slurry as needed to
reach 40mL alkalinity (667g 15 NaOH for 44.00m
alkalinity). The slurry was stirred 1 hr and the pH
was recorded (pH 11.69). The tenperature was adjusted
to 42C. 160g of a 99/1 STMP/ STP bl end was added and
allowed to react for 17 hours. The final pH and
tenperature were recorded (pH 11.32 and 42C). The pH
was adjusted to 5.5 with 3:1 HCl (pH 5.57 using
146.88g HCl). The resultant starch case was filtered
and washed twice with 3,000 Ml tap water. The cake
was crunbled and air dried. 20 Sanple 4 - 3,300 m of
tap water was neasured into a reaction vessel. 1 10g
Na2SO4 were added with agitation and stirred until

di ssol ved. Wth good agitation, 2,200g corn starch
were added and then 3% NaOH was added drop-wise to
the slurry as needed to reach 40m alkalinity (7339
NaOH for 44.14m alkalinity). The slurry was stirred 1
hr and the pH was recorded (pH 11.71). The

tenperature was adjusted to 42C. 220g of a 99/1

STMP/ STP bl end was added and all owed to react 25 for
17 hours. The pH was maintained with a controller and
3% NaOH (556. 69 consuned). The final pH and
tenperature were recorded (pH 11.19 and 42C). The pH
was adjusted to 5.5 with 3:1 HC (pH 5.49 using
285.38g HCl). The resultant starch case was filtered
and washed twice with 3,300 n

17




tap water
5 -

4 bs/ mnute (1.8kg/ mnute) to the

2,000 I bs

100 I bs

The cake was crunbled and air dried. Sanple
2,500 pounds (1134kg) of tap water were neasured

into a reaction vessel.
were added with agitation and stirred until
Wth good agitation,

30 (45.4kg) Na2sO™4
di ssol ved.

(907. 2kg) of corn
starch were added. Then 3% NaOH was added at

needed to reach 40nl al kalinity (about 600 |bs

(272 2kg) thH for 46 n1 alkallnlty)

Lol £ ok

L

1.4 Val\

starch slurry as

The m Xt ure was

Qt Iel U CUI LEAYAl J. Jlulotaleoun plh s Oru Ul UTU \Pl L L. U)
S rrasal Ylen WS 0 US‘E & TOEF,N(OQQC)- 208 hib'S) T=120 min | T=240 min
(90-T7KY) of 9971 DINPIDIH bt enmd—wWere apded an
reac H@ho#ﬁ%yL- trours—The fimar—35pHang tenperature
WEr e} Ayfdag ded| (pH 11.aand 108 OF 4A2C))| phhwag 26 30
ad] usHigt~t®e)o]5 wth 3:1 HCl @as needed [ pH 5.4 [using
75 | bsuyldsell  (B4kq)) . NAe st arch wasokisashed ahd 23 27
cent rliighugéde)on a Merco centrifuge and f]ash drijed. 15
Amylgge cyQ 11, 1309284 15 and 1WAwerel prefhardd hys 16
e 2 L el PPl |
shosphetus—tevel— Sanpleb-23—anrd—2+—PROCt
A ktapioed o 1 opang NA oo Tas M cured iSie 42 52
Ahactiayessel— 2 D45¢ NaoH welPeoKddel wilth 46 58
agtati-on—anddstirred—untit—dissolved—5p0—g—of
A%l W pWHV'rLed—sLdﬂéh——s—me o allded th tHE st 9 100
45\1 Ll \.NJ cor‘QéA\ .jagﬁ_mﬂd f=) ob QPQ@ tolt hé7sl 1 rr\lso 60
Wit h itatior: Sachl pHi21_ 1l 531 36
¢ stirred 1 hr an s recorlded
(‘?)I—l 1HiC3-'s) Q. 02-_ 0 ’)rao-ﬁf POC13l wasNAddedl and?al lloweds 68
to.rPact for B0mn while stirr ng-at roomtenperiature
The pWMheahns adlinusted 3941 5 5 with 3NA HOl TR2 69 82

resul tant starch cake was filtered and washed twice

W th

750 nl t

ap water.

The cake was crunbled and air

As egnibe geen from Thfde W reo\@riety offstalsd bases pravkhesifigd usitgch qombination of

STMRTRHANETPR o rgdult aBcalterRl Gigsshch dRE 6f tAS InGdntidn @ RhodePfood S8ieM.
of the uncooked starch sanpl es.
in Table I

A vi?btyspﬂmsé ktSrche(s%eanncﬂﬁl@d uz;lm); PNGDQ/Q Aetic ARQAIIde re4oms scchding to the

genglgrﬂ?%%d %1 rgﬁiagr%o]\fz gx &gle%lg%gtge%‘%rﬁty%f %2811%1?06%2 1The

corn

mtdegc?ib

The resu

> (N

Its are

Ibelovv Table 11.Starch Sample ID

Base

d|gegth_h§/ of E'jéf’ﬂ starches, weye fested anfhqyesyitgare listed in Table 1V, below.
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L 1 15 As can be seen from Table |1
that starch may be crosslinked using a

STMP and STPP to result

of this invention.
starches are depicted in Figure 2. Exanple 3 -

The

Sanpl e 3 shows
conbi nati on of

in the altered digestion curve
di gestion curves of these

d ucose

Rel ease from Chem cally nodified Starches 20 A variety
of base starches were nodified using PO OSA Acetic

Anhydri de reagents

according to the genera

procedures described in the above exanples to obtain a
The digestibility of
Tabledése starches were tested and the results are |isted

vari ety of

nmodi fi cation | evel s.

Sanfplelab] € Sahplb, Pel ow. 25 Tahdnecal Mbdificatiops € Base St af ch  Glucose Release at
P R e | o | 2w
29 73 B0 3 Dent 0.24 N|A 19169 4 Pent [0.45¥"0oki e
19 65 /5 5 Denf 0.14 Cookie 14 47 56 1-7 Sanple
Tota—BauntpPhosphorus—h—Base—Strareh (99— vodel—F=26

"7 min TOBR Tepa0 min | b dB (- 17096 Amlote nh D | %4 | 19
N A 11| 26 30 H 9% (- 7093%bRRd | gse N A Cdoki e 9 28 2P 56 69

18 High (709 8 Amose 0.23039 A 6 13 16 Hi gh (-70% |9
Amtosep 625 Copki e 103t Boodd TaRigoc e NNy F2 22 59 76
52 11| Tapi oca D 15 Cookis 1446 |25°

19 OSA Conversion

Acetylation 2% bound Adipic Acidic | 0.55% 23 53 60

20 acetyl bound

adipate
21 Tapioca na na na na 9 42 52
Acetylation | 2% bound - - 19 53 64
22 acetyl
Hydroxyprop | 5% bound Phosphoryla | 0.04% 20 58 66
23 ylation PO tion POCI,
treatment
Dextrinizatio | White, - - 21 55 65
24 n viscosity 5.5
ABF
25 Sago na na na na 3 13 19
Hydroxyprop | 7% bound Phosphoryla | 0.004% 21 69 74
26 ylation PO tion POCI;
treatment
High (~70%) na na na na 11 26 30
27 Amylose
OSA 3% bound - - 24 64 67
28 OSA

19
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‘ M'STAF" fri o S BiSheh o ow =5
Anhydrli de reageln R Cor é)l ng to fh |b’acg| el al AR 22
29 procedur es descr¥® Hed i n |PR¥94bove exanpl es to obtaln a

12 Wax corn VA N A 35 94 100 13 Waxy corn 0.31
Cookie 17 50 60 14 Wax corn 0.41 Cookie 12 31 36 15
Rice 0.17 NVA 17 55 68 16 Wieat 0.21 NV A 22 69 82 As
can be seen fromTable I1l, a variety of starch bases
may be nodified using a conbination of STMP and STPP
toresult in the altered digestion curve of this
invention in nodel food system 5 Exanple 4 - d ucose
Rel ease from Chemically m)dl fied St ar ches A variety of

61

variety of nodification levels. The digestibility of

t h@é% rft‘ieasre&hf?o% T’!Efeﬁi/ L %E@@I é'i‘é?% Ja's‘é% nﬁﬁ%b’ Ln%&ifue%ruémé; baib&d

i n

reage's ﬁ‘i“’é%{l"em%rl‘?‘i"é%ﬂ”f 'BHE a@r%f’c%%eé"%éfrgg%f @'%{P"e“’gﬁar ch Base
Modi fi cati on Modification Mdification Mdification

_;&Ml%od Erdficts Chntdini &‘I@Jmic%{lj 2 deffi¥@btarti{ OV\ng gmggna na
oA S IR BBTTAoAC %%ge SHPDRITe 995 50 8 >4 tgpeceTour o

otheCoarhabydrate ingradients/in aix diferer d¢ol oraddtsAdi pi ¢ Aci di ¢ 0. 55% 23
1) Whie P§h Brgdas" 20 acetyl bound adi pate 21 Tapi oca na na

z)ég%olqg 2 42 52 Acetylation 2% bound -- -- 19 53 64 22
et Fﬁ—%/dr oxyprop 5% bound Phosphoryla 0.04% 20 58 66

3) Np B'“%!‘IB&U on PO tion POCl3 treatment

4) Flavored Yogurt Drink

5) Tea Biscuit

6) Cereals

All ingredients are listed as weight % of the formulation

1) White Pan Bread

Patent Flour 55.6
White Granulated Sugar 43
Shortening 2.8
lodized Salt 1.1
Active Dry Yeast 0.6
Dough Conditioner 35.0
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 2 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 741
Water 23.3
Dried Egg Whites 1.5
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Dextrinizatio Wite, -- -- 21 55 65 24 n viscosity
5.5 ABF 25 Sago na na na na 3 13 19 Hydroxyprop 7%
bound Phosphoryla 0.004% 21 69 74 26 ylation PO tion
POC13 treatnment Hi gh (-70%9 na na na na 11 26 30 27
Anyl ose OSA 3% bound -- -- 24 64 67 28 OSA 19
STMP/ STP 0. 35% Bl eachi ng 0. 8% NaOCl 22 56 61 29 99:1
bound P As can be seen from Table V, a variety of
starch bases may be nodified using various reagents
reatnents fo result in the altered digestion
Dougpeénd't'oéerthl S |nve1$1t| on. 5 Exanple 5 - Food Products
Totabont ai ni ng Cheni c@PPy Mdified Starch The starch
sanpl es of the above exanples are added at | evels of
Preéaraﬂ'grﬂ)to replace flour or other car bohydrate
|n redients in six different food products.
afbingragients,3ndaaiehinHbanatiches A'dﬂ}xe&) Mixige PY"tSP‘%‘?H f%é? m )“es-
Feeﬁimemj tovforyuinto nBrdien kCoobhy pPlasing Beasites intboifg vddar &ab-40 minutes with
st,rr|nggjr§,%§5}ts are listed as weight %of the formnul ation
1) White Pan Bread Patent Flour 55.6 White

Granul ated Sugar 4.3 Shortening 2.8
3) Nutrition Bar

Protein Powder 33.6
Brown Rice Syrup 21.3
Dry Oats 10.5
Honey 9.0
Nonfat Dry Milk 9.7
Soy Ol 2.8
Peanut Flour v 5.3

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 fow
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.



e

20 lodized Salt 1.1 Active Dry Yeast 0.6 Dough
Conditioner 35.0 Water 0.6 Total 100.0 ~r 25
Preparation: Conbine all ingredients and water in
Hobart m xer. Mx on | ow speed for 2 mnutes. MXx on
Medi um speed for 14 mnutes. Allow dough to rest 5
m nutes. Scal e dough to | oaves (510g for 12 kg
Loaves). Allow dough to rest 5 minutes. Ml d | oaves
in Ginmek Dough-nol der. Proof at 90% RH, 80C. Bake 30
Juicdimix10C for 22 mnutes. 2) Senolina Pasta Senolina
WEbour 74.1 \Water 72,53 3 35 Dried Egg Wiites 1.5 20
ugh Conditioner I.1 Total 100.0 Preparation: 5
Stfa@bﬁmm@ 40160 ibrvg r e‘tﬂcénts and water in Hobart/Kitchen
Frubgd m xer. M xon {ggv speed for 10 mnutes. Feed into
Pecﬂpeeter to form i? Lo noodl es. Cook by pl aci ng noodl es
I'n boiling water Tor 5-10 minutes with stirring.
Totaly ai n water 3) Nut®i%ion Bar 10 Protein Powder 33.6
Brown Rice Syrup 21.3 Dry CGats 10.5 Honey 9.0
Nonfat Dry Mlk 9.7 15 Soy G| 2.8 Peanut Flour 5.3
Appl e Sauce or Raisin Paste 7.8
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Total 100.0 20 Preparation: Conbine all dry

i ngredients (except oats) in Hobart m xer. Mx on | ow

speed for 5 mnutes, or until blended. Continue

m xing while adding liquid ingredients. Fold in oats

while continuing to mx at |ow speed, Formbar into

desired shape by pressing into a form 25 4) Fl avored

Yogurt Drink Whole MIk up to 100.0 Starter culture

(Danisco's Jo-mix NM 1-20) Nonfat Dry M1k optional
JU,Cg@pegg,agoqo O 30 Yogurt Preparation: Preheat mlk to

e a asc t hen ho 0
Ory RS hogaan. St ol SN REDT SCUPTEF 7 PR er. Blencer
untiftugtpsecand pegtin are gispdrsed Ukr@k wiceimixiin a pdHwatectatnex 80F C Bort1 b emutes.
CodfRQlse¢ 0 4. 5C. Yogurt nmay be punped to snmooth curd. 35
21 Juice mx: Water 47.5 Strawberry conc. (40-60
brix) 40.0 Fructose 10.0 5 Pectin 2.5 Total 100.0 22
Finaj fjogiest Prepgsaiieait i on: Dry bl end fructose and pectin. Add
Blerfl Wogiift ahd JUied ik at svaibn Bt 9: BVEERHdn)bgEideeMtdapistalt 6f 1@.3/3.5 (two

Sta%l;ergj(%fm I%gﬁfctatggxdl fructose and pectin are

I'Sper se urce mx in a hot water bath at 80C
for 15 mnutes. Cool to 4.5C. 5 Final Product
5) TeaBisaitat i on: Bl end Yogurt and Juice Mx at a ration,of
whit BiourCo- Homogeni zg At negapascal s of 17.3/3.5 (two %

White Granulated Sugar 205
Whey Powder 1.3
Baking Powder 1.2
Salt 0.6
Shortening 9.6
Egg Yolks 20
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.

6) 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%



stages). Store finished product at 4.5C 10 5) Tea

Bi scuit Wieat Flour 48.0 Wite G anul ated Sugar 20.5
Whey Powder 1.3 Baking Powder 1.2 15 Salt 0.6
Shortening 9.6 Egg Yolks 2.0 Witer 16.8 Total 100.0
20 Preparation: Conbine all dry ingredients and
shortening in a Hobart mxer. Mx on low for 5

m nutes. Add egg vyolks and water. Mx on low for 5
mnutes. Roll or sheet dough and cut biscuits. Bake at

b) %Zrﬁgﬁgb%akfa&%er&a'? tRHS- 25 6) Cereal a) Extruded

cer ea I ze based) Modified naize starch
Mogjffedmajze ptargth orfoyr3 0%3ds ze pol enta 45. 0% Sugar 10. 0%
RicStdut 2. 0% Malt 31108% 100. 0% 35 23 b) Extruded
oafibgakf ast cereal (g tigrain) Modified naize starch

or flour 43.0% R ce flour 11.5% Gat flour 11.5%
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 moisture 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 linear over the digestion time.



5 Wheat flour 20.4% Sugar 9.0% Mt 2.6% Salt 2. 0%
100. 0% 10 Preparation: The cereals are prepared
usi ng nmet hods known in the art. They are extruded,

fl aked and toasted or extruded and expanded). The
cereals are further dried, if necessary, to a fina
noi sture content less than 3% 15 The foods are

di gest ed usi ng Englyst digestion nmethod and gl ucose
rel ease is nonitored over 20, 120 and 240mr. The
rel ease of glucose is linear over the digestion tine.
24 CLAIM5S We claim 1. Use of starch which is

nodi fied by a process selected fromthe group

consi sting of propyl ene oxide nodification, octenyl
succi ni ¢ anhydri de nodification, acetylation,
dextrini zati on, and conbi nati ons thereof for
controlling the blood glucose |level of a namml
conprising ingesting an edi bl e product wherein the

starch,js in granular formand has an altered
di ?&é{i%ﬁ profile such that |ess than 25% i s digested

within the first 20 m nutes of ingestion, 30 to 70%is
di J¥selamwi t hin 120 minutes of Ingestion and at | east
60 Pb Use ofi tyarsh edichvisthodified 4§ armironeseseleted ifrogethe igooup @nsisting of

U R S U A Y, U,

3. Usdexidrizatidinregpdtcombihations thereafiter edntrotiihe thet igodiglucose level of a

ot Gk iR ot ort Wi Bl Rl BRRE A s WP oranuier

st ar cferprangi biassan elered iigastion profseddf thethiess Hlancabde is digested
rele ; WAl nf i NQy | ai .
wher o EiE e 83 T PHLES of RuekR, JFEEER f3ndel YL 120 minutes

gl ucosfdngestienansd aitleasPd %iisidigested within 240 minutes of ingestion.

2. Use according to claim 1, wherein the starch provides less than 20% of the
glucose release at 20 minutes.

3. Use according to claim 1, wherein the starch provides less than 10% of the

glucose release at 20 minutes.

4, Use according to claim 1, wherein the starch provides less than 40 - 60% of the

glucose release at 120 minutes.

5. Use according to claim 1, wherein the starch provides less than 45 - 55% of the
glucose release at 120 minutes.

6. Use according to claim 1, wherein the starch provides less than 70% of the

glucose release at 240 minutes.

7. Use according to claim 1, wherein the starch provides less than 80% of the
glucose release at 240 minutes.
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6. Use accordlng to cla|n11 mhereln the starch
provides | ess than 70% of the glucose release at 240
mnutes. 7. Use according to claiml1, wherein the
starch provides I ess than 80% of the glucose rel ease
at 240 m nutes. 25 8. Use according to claim1,
wherein the starch provides | ess than 90% of the

gl ucose release at 240 minutes. 9. Use according to
claim1, wherein the starch is present in an anmount of
5 - 40% dry weight based on the edible product. 10.
Use according to claim1, wherein the glucose rel ease

| L R R b SR b R85 of o

rel eaglacosamea'se atsZM)sm;autbs ally constant over the first
240 m nutes. 12. Use according to claim1l, wherein the
starch is nodified by a process selected fromthe

gr odpUsoasbigingrig clafm py wieréie tee stacllés mrsedtini amnamaount bes - 40%

range of 3 10%. un R? dification In the range

of 1. gry eﬂ’é@“{?&?ﬂ fie ngé? g‘ﬁggn in the range of 0.5

to 3.0% bound and conbi nations thereof. 13. Use

acc .cI aim1l2, er e starch is further -
ot Patksty 6 Pt 3 wiERhEaleiPe TBiE b Holoihroduct s

consi sibstagtialy zaoictdeeonver si on, enzyne conver si on,

hydrol ysis, hypochlorlde treatnment, adipic acetic

treatment, phosphorus oxychloride treatnent, and
contli. tise acoording e cleiof 1, whéreinihe glacase releéasg rate iscdubstantibBy constant

wher ej t i.s. further nodified by a process
sel ec?@aE%%g%@hglaé%%p consi sting of acid conversion
to a water fluidity of 20 - 85, hypochloride treatnent

el U Sesofting do s, T Wibeeh R e L Pubtil) FrllneRt sfeceo

at a frawehe gfoup. cﬁﬁm.strhg) of)pr'b%lertermaiermadatlommdthe range of 3 — 10%

conbi n ORs, t her di t,0 a -
V\here}?%%fjhggé tnéord gﬁ&dg Qh 5’?% %?fl% S 032&’[/3 mou(ﬁd $c'<1ly?a’t|on in the
t ri metaaghafShh &t 3 0%rmblod, asd)dmmbmatlnanmbgephosphat e at a

| evel of 0.1 to 0,35% added bound phosphate and

hypochl oride treatnent at a level of 0.3 to 1.0% 26

13. Use according to claim 12, wherein the starch is further modified by a process
selected from the group consisting of acid conversion, enzyme conversion,
hydrolysis, hypochloride treatment, adipic acetic treatment, phosphorus
oxychloride treatment, and combinations thereof,

14. Use according to claim 13, wherein the starch is further modified by a process
selected from the group consisting of acid conversion to a water fluidity of 20 —
85, hypochloride treatment at a level of 0.4 ~ 5.0%, adipic acetic treatment at a
level of 0.1 to 2.0%, phosphorus oxychloride treatment at a leve! of 0.001 to 0.5%

treatment, and combinations thereof.
15.Use according to claim 1, wherein the starch is treated with sodium

trimetaphosphate and/or sodium tripolyphosphate at a level of 0.1 to 0.35%
added bound phosphate and hypochloride treatment at a leve! of 0.3 to 1.0%.
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