5 10 Use of a Chenmically Mdified Starch Product This application clains
benefit of provisional -applications 60/591, 983 and 60/591, 997, both filed
29 July 2004. 15 BACKGROUND OF THE | NVENTI ON The present invention rel ates
to the use of a chemcally nodified starch to control and/or regulate the
bl ood gl ucose I evel of manmmals after consunption and post prandi al

absorption. Also included in this invention are starches treated wth heat
and/or acid (dextrinization), thermal or 20 hydrothermal (heat and

noi sture), or other physical processes to inpart the desired digestibility.
The treatnent is applied at a level and type to control and/or regulate the
bl ood gl ucose | evel of manmals when used as a food or feed source by

nodi fying the time and rate of post-prandial absorption. Starch is a mjor
source of energy in the typical western diet. Refined starches (for a
description of refined starches see Inberty at al. Die Starke, 43 (10),
375-84 (1991)) are nostly eaten 25 in the cooked form which generally
provi des a high and rapid rise in blood glucose, being quickly and

conpl etely digested. 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 is defined as resistant starch or
RS). Englyst (Englyst, HN et al. Eur. J. din. Nutr. 46 (suppi.2):S33-S50
(1992&% defined three different categories 30 of resistant starch related to
their origin and neans ofUse etd Ghemieally Madified $tai¢hPygsictof RS was | at er
descri bed by Bromm (Brown et al. Food Australia, 43(6), 272-75 (1995))
relating to c t h r and
cross- bonded o 6}Jcat¥> {nsablgggllg Cé sprc?‘fs?bn% afagl%arﬂloﬁé g'd/{{lq 9@& r?J (?O/E{Q?%g'}a h rm
avallablémﬁéﬁﬁﬁh?Wﬁate |s defined as the total anount of carbohydrate |n a
food 1835 m nus the anobunt of carbohydrate that is non-digestible.

Non- di gestj d%ﬁbQﬁhMﬁ%ﬁ%éﬁﬂbﬁC|Ude dietary fiber, sugar al cohols and

non-di gesti bl e sugars etary fiber includes the group of starches defined
above by Engl y5¢ p?fﬁ‘ﬂ“ BVEHAD ( 1 dheqyse of g CE%W%@"){)UB% CholRfRpIb andrasi st ant
st ar ch i sregubatartha dloved gluase guelt mhinmels ater dbrestiaptipn fand) postpfandigl. abSbrptionatAlsat . US
Pat. # 51|9<§1%e<ﬂ4rpﬁusu|§\'/eﬂ%nsaf@'1%hgs tr@aﬁéd WIEFPE&?)Q%/&S&:% (%%zggbﬁ 2:%@91%991 42)
and pé pvi dgro'(herma, (ﬁeat gndnrgm&urg)ogr oaher phyg)lca? pl}gcr:easgesltc?' lmpgrt #ne desured ngestlblhty The
treatment is applied at a level and type to control and/or regulate the blood glucose level of mammals
when used as a food or feed source by modifying the time and rate of post-prandial absorption.
Starch is a major source of energy in the typical western diet. Refined starches (for a
description of refined starches see Imbenrty et al. Die Starke, 43 (10), 375-84 (1991)) are mostly eaten
25  in the cooked form, which generally provides a high and rapid rise in blood glucose, being quickly and
completely digested. However, some 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 microorganisms (this is defined as resistant starch or RS). Englyst
(Englyst, H.N; et al. Eur. J. Clin. Nutr. 46 (suppl.2):S33-S50 (1992)) defined three different categories
30  of resistant starch related to their origin and 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
35 minus the 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 anount of available carbohydrates in the food serving in
the sane way as dietary fiber (e.g., cellulose, inulin, 5 bran, psylium
affects the quantity of avail abl e carbohydrates. G ycem c response (GR)
refers to the differential effects of foods on bl ood glucose | evels over

the time period of O to 120 m nutes (NI H Publication Nunber 99-3892, 1999).
It is neasured as the increnental area under the blood glucose response
curve in an i-ndividual subject for a particular food sanple on a specific
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25  necessitate a larger serving size in order to ingest the required 50g of available carbohydrate.

As the food is ingested, the amount of glucose in the blood is subject to two basic
mechanisms.  The first is the rate of absorption into the blood stream of glucose as the food is
digested. The second mechanism is the rate of absorption of the glucose from the bloodstream into
the body tissue. Although this is a simplified view of these two mechanisms, one skilled in the art

30  would recognize the complex and multifaceted nature of the mechanisms, reactions and processes
involved. In normal healthy individuals, the body has mechanisms for regulating the blood glucose
levels within certain specific ranges (fasting plasma glucose levels of 3.9 to 6.1 mmol/L as specified
by the American Diabetes Association, Diabetes Care, 24(suppl), 1-9 (2001)). For example,
increases in blood glucose levels stimulate the production of insulin, which amongst other functions

35 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 a rapid (but offset) rise in serum insulin levels, which leads to the
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I ncreases in blood glucose |levels stinulate 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 nmetabolism of fats and
proteins. Therefore, foods that cause an acute elevation in blood glucose
concentration, have been shown to produce a rapid (but offset) rise in
seruminsulin levels, which |eads to the 2 uptake, storage and use of

gl ucose by the nuscle cells, adipose tissue and the liver, consequently

bal anci ng the bl ood gl ucose concentration in the "normal"” range. d ucose
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increased insulin levels facilitate unnecessary fat storage. Experts have long recommended eating
many small meals over the course of a day to attempt to regulate blood giucose (and the
corresponding energy supply) at a constant, uniform level. Additionally, rapidly falling blood glucose
levels (which normally happens after an acute elevation) have been shown to trigger a stimulation of
30 appetite (hunger) in healthy adult humans. Alternatively, research indicates that glucose release over
an extended time period leads to specific benefits which may include increased satiety for longer time
periods (weight management such as weight loss and long term weight stabilization), sustained
energy release (enhanced athletic performance including training), and improvements in mental
concentration and memory.
35 A starch, or starch-rich material, which could provide glucose to the blood over an extended
time would serve to maintain normal/healthy blood glucose levels (i.e. normoglycemia) and
reduce/eliminate rapid changes in blood glucose level. It would potentially be an excellent
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many small meals over the course of a day to attenpt to regul ate bl ood
glucose (and the corresponding energy supply) at a constant, uniformlevel.
Additionally, rapidly falling blood glucose |I|evels (which normally happens
after an acute el evation) have been shown to trigger a stimulation of 30
appetite (hunger) in healthy adult humans. Alternatively, research indicates
that glucose release over an extended tine period |leads to specific
benefits which may include increased satiety for |longer tine periods
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epichlorohydrin, adipic acetic anhydnde, phosphorylating reagents such as sodium tripolyphosphate
25 (STPP) or ortho phosphates, oxidizing reagents such as sodium hypochiorite or peroxide or other
food approved starch modifying reagents, enzymes or physical processes such as heat/acid
(dextrinization) thermal or hydrothermal (heat and moisture), or other physical processes and
combinations thereof in order to alter the digestibility and rate of postprandial absorption.
Granular, as used herein, is intended to mean non-gelatinized or dispersed by any chemical
30  or physical process. Granular starches can be determined using microscopy by the presence of
birefringence (Maltese cross) under polarized light. Granular starches are also not significantly
soluble in water below their gelatinization temperature. Non-granular starches are those that have
been treated or processed to be readily soluble in water (CWS) below their gelatinization temperature
(typically about 65°C). Some starches can be processed to become soluble and then are allowed to
35 retrograde so as to form particles (crystallites) 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.




known in the art of starch, including without Iimtation starch treated with
acetic anhydride (AA), propylene oxide (PO, succinic anhydride (SA),
octenyl succinic anhydride (OSA), crosslinking reagents such as sodium
trimetaphosphate (STMP), phosphorus oxychloride (POC 3), epichlorohydrin,
adi pi c acetic anhydride, phosphorylating reagents such as sodi um

tri pol yphosphate 25 (STPP) or ortho phosphates, oxidizing reagents such as
sodi um hypochl orite or peroxide or other food approved starch nodifying
reagents, enzynes or physical processes such as heat/acid (dextrinization)
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As used herein, water fluidity (WF) is intended to mean a starch measurement using a

25 Thomas Rotational Shear-type Viscometer (commercially available from Arthur A. Thomas CO.,
Philadelphia, PA), standardized at 30°C with a standard oil having a viscosity of 24.73 cps, which oil
requires 23.124+0.05 sec for 100 revolutions. Accurate and reproducible measurements of water
fluidity are obtained by determining the time which elapses for 100 revolutions at different solids levels
depending on the starch’s degree of conversion: as conversion increases, the viscosity decreases.

30  Water fluidity is a term known in the art.




15 over the entire length of the stomach and small intestine (typically
between 20 m nutes and 240 mnutes in humans). For a simlar and nore

conpl ete description of these starches see Englyst et al., European Journal
of Cinical Nutrition, 1992, 46, 533-550. (Note: Englyst describes slowy
digestible starches as those that release their glucose between 20 and 120
m nutes as opposed to between 20 and 240 m nutes.) 20 As used herein,
anhydrous borax fluidity (ABF) is defined as the ratio of the anount of
water to the anount of anhydrous dextrin when the latter is cooked for 5
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gratn, those from chemical mutagens) and variations of the above genenc composmon which may be

produced by known standard methods of mutation breeding, are also suitable herein.
Typical sources for the starches are cereals, tubers, roots, legumes and fruits. The native
source can be corn (maize), pea, potato, sweet potato, banana, barley, wheat, rice, oat, sago,
25 amaranth, tapioca (cassava), arrowroot, canna, triticale, and sorghum as well as waxy or high
amylose varieties thereof. As used herein, the term “waxy” or “low amylose” is intended to inciude a
starch containing no more than about 10%, particularly no more than about 5%, most particularly no
more than about 2%, by weight amylose. Also used herein, the term “high amylose” is intended to
include a starch containing at least about 40%, particularly at least about 70%, most particularly at
30 least about 80%, by weight amylose. The invention embodied within relates to all starches
regardless of amylose content and is intended to include all starch sources, including those which are
natural, genetically altered 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
35 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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and 25 Additionally, reagents and processes capable of altering the chemical structure, conformation
or crystallinity of the starch to render it less susceptible to digestion in the body are also included in
the invention. Such reagents include oxidative reagents and processes, the action of heat and/or acid
such as dextrinization, the action of enzymes and combinations of these with or without chemical
modifications.

30 Other modification that may not affect the digestion profile, but may provide desirable textural
and/or physical properties are also included in the scope of this application. The additional
modification may be accomplished before or after the chemical modification using for example thermal
inhibition or chemical cross-linking to toughen the starch and provide shear resistance during
processing. It would be within the knowledge of the skilled artisan as to what combinations are

35 possible and in what order such modification may be accomplished. Additional modifications may
include certain types of molecular weight reduction (for viscosity control) such as acid conversion or
enzyme degradation.
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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
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in aqueouglorgeg sgnmze 1ﬁ'nt]:ro%%rrc!%ntammatlon to insure food safety or other undesirable components that
are native to the starch or created during processing. Suitable purification processes for treating
25  starches are disclosed in the family of patents represented by EP 554 818 (Kasica, et al.). Alkali
washing techniques are also useful and described in the family of patents represented by U.S.
4,477,480 (Seidel) and 5,187,272 (Bertalan et al.). The starch may be purified by enzymatic removal
of proteins. Reaction impurities and by-products may be removed by dialysis, filtration, centrifugation
or any other method known in the art for isolating and concentrating starch compositions. The starch
30 may be washed using techniques known in the art to remove soluble low molecular weight fractions,
such as mono- and di-saccharides and/or oligosaccharides.

In one embodiment, the starch is modified by a process selected from the group consisting of
propylene oxidation in the range of 3-10% bound, OSA modification in the range of 1.5-3.0% bound,
acetylation in the range of 0.5 to 3.0% bound, dexirinization to a canary or white dextrin in the range of

35 less than 10 ABF, and combinations thereof. In another embodiment, the starch is further modified by a
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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and/or adipic-acetic acid; and/or increased substitution with propylene oxide, OSA, or acetylation. If
25  glucose release is too low, chemical modifications which will help increase glucose release include
without limitation lower crosslinking level using STMP, STPP, phosphorus oxychloride and/or adipic-
acetic acid; and/or hypochloride treatment, manganese oxidation conversion, and or other oxidation
treatments. Combinations of chemistries have to be adjusted to a starch base and consider the effect
of complementary treatments.
30 It would be apparent to one skilled in the art that cooking a starch will affect the digestibility and
rate of absorption of the glucose into the blood stream. For a review of the effect of cooking see Brown,
M.A,, et al. British Journal of Nutrition, 90, 823-27 (2003).
In a recent patent application, Brown et al., US 2003/0045504A1 published March 6, 2003
incorporated herein by reference, shows the relationship between resistant starch and other
35 components in the foods (such as various lipids) and their affect on the digestibility, GI, glucose
response (GR) and blood glucose levels after ingestion of such foods containing resistant starch.
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creams; beverages, including dairy-based beverages; glazes; condiments; confectioneries and gums;
and soups.

25 Edible products also are intended to include nutritional foods and beverages, including dietary
supplements, diabetic products, products for sustained energy release such as sports drinks,
nutritional bars and energy bars.

The chemically modified starch may be also used in a variety of animal feed products,
weaning formulations affording desirable growth and development of the post weaned animal,

30 pharmaceutical formulations, nutriceuticals, over the counter (OTC) preparations, tablets, capsules
and other known drug delivery vehicles for human and/or animal consumption and/or any other
applications that can benefit from constant release of glucose from the formulation.

The chemically modified starches of this invention may be added in any amount desired or
necessary to obtain the functionality of the composition. In one embodiment, the starch may be

35  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 Iimtation | ower crosslinking |evel using STMP, STPP, phosphorus
oxychl oride and/or adipic- acetic acid; and/or hypochloride treatnent,
manganese oxi dation conversion, and or other oxidation treatnents.

Conmbi nations of chem stries have to be adjusted to a starch base and
consider the effect of conplenentary treatnents. 30 It would be apparent to
one skilled in the art that cooking a starch will affect the digestibility
and rate of absorption of the glucose into the blood stream For a review
of the effect of cooking see Brown, MA., et al. British Journal of

Nut ri ti ofddeddn thgfopd p7bgvorRgin the $pmg Masp 96 apk PR tSIaighplyPieally P RIXNB iRl et al . |
US 2003/ ofvkboftéditt gpaddingstiietle Mem ofta HIuticd003 i ncor por ated herein by reference,

shows the rel l')IQBr%QuoE rhg}wersmmra?e%lu%e% b & radh G ﬂrsh%m.oﬁ% gepgRepents in
thefoodsgbg as various |i hei r affect estibility,

G, gluch aP‘?%‘b’n?r‘&% q &ioss aB? EZ?d d?*lﬂf?i’é’&‘s F‘éY/B’P‘é'deatf?? ‘é?"sﬁ"?%é’g? PEISDf such
foods5contmamexnsgmdecesnesieamangmre@hnstan9b|®tdamc¢$e|lesels arely consuned on its own,

but is typi cabﬂoauc&qméﬁ%ﬂn@%nm re@u&reeﬂé ?d?é a,honm nft&@d:f gmédasllaesorpnarmmgy f ood
product gt ucose rte ase curves. In

0. resu
e e e ot hEisndsh e b3t s B 5Bl BSs B E TRY Pl B Ser o
or der gI Reovide systdined saergy) rajaase, tapd tpys pphatee aﬁle@se%mtnilaapq ipcludinss raining, andl
sust ai Negn@demeaEin telceragfonniditenaite 2hdhehorgr starch rich materials (e.g.,

il Our1 or gri t‘?l)e gr?% cgem%)pgéyr}ggugé }h!ar‘n%ci‘;ﬁégl r%t‘n@ m? md %ductl pl'hgaszIL ot consuned

after cookln I ot I nven |on I'S 1 ntended
to incl Gﬂ@'@'ﬁ%g'éb%qsaﬁ’%aﬂ@s“’\ﬁﬁWéHCh W’{‘@Wh'dﬂﬁé’d we@htfnafaageawat Pidorevertig of have t he
advant ageeaihg hypamgiytanty, inkiilie ralstac@s kyperdl@iassia, dystipieemib, and ayefigintigthi ment , t he
food containing the processed starch provides a substantially zero order

gl ucose re curve, to provide an essentially constant and sustained 10
gl ucose Féf‘@g rate. Such foods are nodel ed by the nethods described in the
Exanpbes sect Twfollowing éxampled re preentdddaiuitiyer ifestfate iaadiexpleintiepretem invertion pr oduce a

| ar ge r aphdlsHoll§ h& 86 Rkérhshin@Rgin GhHeQFE Aulpeeéahssusw%@abw@igndwegh padig.cen ¢ i ndex
starches, such as nobst native starches. Instead, these nodified starches

provide a nore noderate increase above the baseline which is sustained for a
| onger t iTh@follosringdqst pyecedyres 3re used dvoughqytiee examglegir ant in that there is no large
and rapid increase in blood glucose |evels after ingestion of food

cont ghni %&rﬁaﬁbg D?gieé‘tfoﬁh sttt S, EldBEAS BulniloF@RiRalNBHb, MopPlsaRalsas and/ or

processe ed starches
descri bed nay 994 SaeRies 3re,graundiminced gs ibasieatest Bovslepsiaeh semples,ale 3erPengd taut ot
i mted tpaticidsikeed 260 otns onlessu dionHOTma e Karmg oftsampld s weighbd ambaddeditpethes
bi scui t S sample tube. 10 mli of a pepsin (0.5%), guar gum (0.5%), and HCI (0.05 M) solution are added to
each tube. ;
25 Blank and glucose standard tubes are prepared. The blank is 20 ml of a buffer containing
0.25 M sodium acetate and 0.02% calcium chloride. Glucose standards are prepared by mixing 10 mi
sodium acetate buffer (described above) and 10ml of 50 mg/ml glucose solution. Standards are
prepared in duplicate.
The enzyme mix is prepared by adding 18 g of porcine pancreatin (Sigma P-7545) to 120 mi
30 of deionized water, mixing well, then centrifuging at 3000g for 10 minutes. The supernatant is
collected and 48mg of dry invertase (Sigma 1-4504) and 0.5 ml AMG E (Novo Nordisk) are added.
The sample tubes are pre-incubated at 37°C for 30 min, then removed from the bath and 10
ml of sodium acetate buffer is added along with glass balls/marbles (to aid in physical breakdown of
the sample during shaking).
35 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, pizza, pasta, dressings,

i ncl udi ng pourabl e dressi ngs 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 soups. 25 Edi bl e products
al so are intended to include nutritional foods and beverages, including
dietary supplenents, diabetic products, products for sustained energy

rel ease such &ter8pded andiP40rkinutes, Gt dlidicdhaip ramered feomdhesineubglipg lsameies aTde

chem cal lgjchprdbd @G separ4t6 ibBBY20REEERS SFandSEbtdpihereXditn) € ifferathoaan@ibudt eed

product s, n s affording desirable growth and devel opnent
of the po‘?wﬁﬁ§%5%3&8§gprﬁ%$§%; har maceuti cal formul ations, nutriceuticals,

over the counfd gigcorecyonpanEption dt ?%‘J‘hé“bet'sa’BF"ét‘@d ugingthe oleose RYSRsERRUIPXidaBWN dr ug
del i vér y metod (Megazyne IGilabiseaass 8/ RidceduraGlLeeeds). Clnisssaaidrimntriaprdéedareany ot her

appl i cations fiag Fé@@t fhecndegn hlsocmemn&t@raacm f%%lu&ise %nu&m%ﬁ*on abarg t he
formul ati on. The Chem ca r

tarch eUrslll ‘_‘:H rT?X be added
in any ar‘n’iﬁﬂ'i{c“ﬁééaf‘?aé‘éf ¢ing arf@&"é?é"arf%‘fmfﬁfoc?bt‘aﬁf f"ﬁ@"’?%“r‘r"cﬁ% | gceff‘e% Yhe
conposi t ineight biasis)afier 28, Mi3o.dnd@4tmindtése st arch nmay be 35 added in an am)unt of

from0.01%t OESe‘Py/csmméNswgis tsatchtnmcnseoanaaaeﬁdeogampienofame&dn@or cOhdpeh. meat , the
star Y wei ght of the conposition.

The gp ar c?ﬁceﬁlﬁgg AégeStTB V%'éfﬁg(ﬁ c?rBSt?rﬁh arg]é%eg 'ﬁa%%é\/bgr 4ge in the same manner as
any ot her starch typically by mxing directly into the product or adding
it in thehﬂ@rn1of a solutlon Edi bl e products may be fornul ated using the
nodi fi ed Stareh tHhi-s pyert+oen—+o Pravi de—a—-=subst "'"";ally Zet+o—or der

gl ucose ggwgasgmgéte Such products may provide the ¢ ﬁghnﬁr with gljucose 5
over an |SmEadé&antdne peli®H4and nore gdfstdant bl ood §PUtHse | evel s.
Pr oduct s "MédgePst@enidornetbrcradotimartially egilkbiatreén Kdtienar Sidrdd aad1Chefiagd CorbpaeleBraevgleticO0S e
adsorpti qp yggy increase satiety for |longer time periods, and thus be useful
in mq%ght managenent. They may al so provide sustained energy rel ease, and
t hus ‘enhance athletic gerfornance including training, and inprovenents in
concentr hggph & and nenory. 10 The products nmay al so provide

phar maceut i caPrep@&aef7rd Syrryi dh elattd iim 6% IEETAGolngpntdne stiri faksntd andliétee| Wwpshnge

di abet es’sar%ﬁl@@ﬁ 'ﬂ@%lt&b\ﬁﬁ' %}Oﬁ rﬁ‘ll’b? IaelgrﬁzeWagmfou ﬁrﬁéﬁ %II: mpghét rgg?rﬂﬁe%ggrgﬁ“e and

prevent|n treatin cema, 1nsulin reS|stance r|nsul|nema
dysl i pi d pare qa%taa\gpgff /bﬁtg ﬁIE)Ply@i |§ 4N%,ﬁg§mg stones, and boil the' sample for 7min,

20  cool to room temperature, quantitatively dilute with deionized water, centrifuge to remove any possible

particulate. The sample is then analyzed by Inductively Coupled Plasma Spectrometry (ICP) for
phosphorus using standard analytical procedures to obtain total bound phosphorus. Added bound
phosphorus is determined by subtracting total bound phosphorus of the unmodified starch from that of
the modified starch.

25
Model Cookie / Biscuit Food System
Measure moisture of experimental starch gravimetrically.
Calculate amount of additional water required to adjust the starch to a moisture content of 25% (w/w)
which is a typical moisture level for cookie and biscuit dough.

30  Weigh 50g of starch into a mixing bowl of a Sunbeam Mixmaster, lower mixing blades into a 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 should not be taken as limting in any regard.
Al'l percents used are on a wei ght/weight basis. The follow ng test
procedures are used throughout the exanples: 20 Sinmulated Digestion -
(Engl yst et al, European Journal of Cinical Nutrition, 1992, 46, S33-S50)
Food sanples are ground/mnced as if masticated. Powder starch sanples are
screened to a particle size of 250 mcrons or less. 500-600 ngy 0.1 ng of
sanple is weighed and added to the sanple tube. 10 mM of a pepsin (0.5%,
guar gum {ransBog0g chihg hydrated targipntppn algnipgm BHh(145mn ééﬁ?@tﬂ"t@m"ééeqqsﬁrﬁﬂe 25 Bl ank
and gl ucoseniploan@ahd eitidiionbRhgpadpar ed. The bl ank is 20 m of a buffer
contai ni ng hegt%%vé\{ltgq m acetate and 0.02% cal cium chl oride. d ucose
standards_are prepare m xing 10 mM sodium acetate buffer (described
above) an%Fkiﬁ‘ﬁﬂV%?te%ﬁarﬂb‘?‘ﬁ?o E]F‘hg%@@ sol ution. Standards are prepared in
dupl i cat eTakd the stareh yurgromithe dven, plaeimmediatély ingidzl{1mg)3 b8 pigstiofar pat alisatheidncr eat i n

(Sigma P-dafid stsreh &2&%mp§£lu@fandi€étmw ﬁlglst%to%akemt%bﬂ"@a\)ﬂﬁétrlwallyt &8

centrifug 0 r nat ol | ect ed and 48ng
of dry |n’\’7‘§$fr8§‘§“?‘§?f3}‘?€ edzf‘o"ffﬂ)sp‘ﬁ“ﬁ?&ed’ %5'%? apo t}%‘?‘a@f’sﬁg? %289 added.
The sanpl@scuitsbes are pre-incubated at 37C for 30 mn, then renoved fromthe
bath and 'ﬂe@t gIJEBsé}EIeéi:@(ﬂ'bM Harth Fhradditdiir EiBfe itliParcdtdigst carhtélm foMekkhg@Heass

bal | s{nqm es to aid in physical breakdown of the sanple during shaking).
35 5 of YHe @hzyrre mxture is added to the sanmples, blank, and standards.
The tubes are shaken horizontally in a 37C waterbath at approxi mately 180
st r okes/ nExampi€i1 FEPrepailiéh 'of CReMiCAEMbdfied Staechéd r st addi tion of the enzyne

mxture to t heI'h]:e f&l%\gmé %ﬁlflﬁa}ilon]s & 1ilv%Ir kn%gm u?‘?h% Qr% g\é%r&&&# ef'aé%aa

aliquots are re into a
separate guirgecegp therifiedsBtizant ﬁé‘r’ﬂ?l‘t ﬂ%“‘%ﬁb‘bbﬁsﬁ%mﬁé%ﬂaﬂ%" t°AF'1"%YP diffeg8lur , an
al i quti medifcatioh revdisiged at 3000g for 10 minutes. The gl ucose concent ration

in each tubg 'ﬁod*%ﬁ&bwcﬁqndbﬁ/bﬂlanfb@oﬂédﬂ&%nﬁ#ﬁ:@ﬁé@ér@@&%egmsoﬁ &ethod

(Megazyne d uc or.

procedur e. Thewazeédﬁz" 8%?JD'B?‘%er@H' Ca'i“é;‘q? B?f)veg e} & Sﬁ?%aa% '%ﬁerb?ddﬁ?f ng the
gl ucose conceribe watérand sixad LAYl disgotyed. gThedariasa sta@;h@ath@sadd%mglyap beatrensi on
factor of 0.9, aqE&ﬁyhtxﬁueadne nibied @Rkl @iford. O/aRbLRN&vBIs B @'x}temoxude@feyaddwio@m basi s)

aft er2(?0 120, ﬁta?ch ﬁjurr angﬂm%% ?o? 1 tc@é%%teﬁ,a%%u%nls 1 e%'trsans?erreg 1ntc|> Q(él_ l’p')?ja% ic a

referénce sa ed corn
bottle and sealed. The bottle and contents are then placed into a preheated mixing cabinet

set to 40°C and agitated for 18 hours. After the reaction is complete, the slurry is adjusted to
pH 3 with dilute sulfuric acid and then allowed to mix for 30 minutes. The pH is then adjusted
to between 5.5 and 6.0 with dilute sodium hydroxide solution. The starch is recovered by

25 filtration and the starch cake is washed with water (3 x 250 ml), spread out on the bench top
and allowed to air dry. The example is repeated using sago starch.

b) Octenyl! succinic anhydride modification - A total of 500 grams of waxy maize starch was
placed in a 2L plastic beaker and slurried in 750 ml tap water. The slurry was mixed with an
overhead stirrer while the pH was adjusted to 7.5 using 3% sodium hydroxide. The agitation

30 of the reaction was continued while 3 aliquots of 5 grams (for a total of 15 grams) of
octenylsuccinic anhydride (OSA) were added at thirty minute increments. 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 ml of tap water. The starch

35 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 additionat 750 ml water, and air dried to less
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10 accepted % digestion values for cornstarch are listed in Table I, bel ow
Table I Time (mnutes) 20 120 240 Sanple 1 (control)184 804 904 1Mel ogel
starch, cornstarch comrercially available from National Starch and Chem cal
Conmpany, Bridgewater, NJ, USA. 15 Bound Phosphorus Analysis Prepare 1.7%
slurry of starch in 5% EDTA solution and stir for 5min and filter. Wash the
sanple on the filter with 200 ml of deionized water four tines. Dry sanple
at roomtenperature. Prepare quantitatively 3% starch slurry in 4N HCl, add
boiling stones, and boil the sanple for 7mn, 20 cool to roomtenperature,
quanti t ati vel shadilb%treoisnre tp preduseiar XPAnarel. | Theepample wge rengated neinga diglh

possi bl e par binptdedl ®9%) ddi@staenpl € | sht hen anal yzed by | nduct : vel y Coupl ed

Pl asma Spect,r try, ( osp US| t d i

br ocedur es. QoA 4 B! B aREREUBl epd i By MUCHI A dithe Gler |

det er ni ned by aRd,gHrriesdt 7fymitter waterb SimbralRi¥ep RBIRRed with anrvelipadsdireriagdiPEt ar ch
from tshat of niohiRr REEhbE| @ duinatically. adding b dB| sofliom kiyarokiddBs@@ion tto madehinSy St em
Measur e noi st . [k | ' t nmount of
ddi t1 onal v ege ¥ RS ghE b ShtbRe el &Y LI Elat by A EHOA B AT 0
(Ww) which PRUL7Hy E’&?P'WP@FLW%* thateed withy 15 g3BR iob aseic apveldgiand §8ligh. 30
Wei gh 50g of sgélimercthe fulifcbarge oiex aprgoxinatdly ©hown wBilnthe pih wAsxtrelisat 80, withogeed m Xi ng
bldgdte_s Int]? aaafaw&nl. aﬂ‘ﬁ;r gﬁeﬁédaitiérh@fttﬂé;éﬁ{yd%r\&ég c%m'pltsgltgén rqutﬁgtwagag?vﬁggbg he
addi tjion of pre-calcul a unt of wat.e S ,

Star i | e Ao oairod Fanatesrat pl Loa b B by bleteaniSuob et Ve e
addi ti on in 5pagenand washad withé xH0Rimhg oldap Witerl dhe eyitingiegke ig atolvpd totaiirddiodoes not
sti ckf to vvgl I &fsthhﬁﬁ higosindibting daewéoo\r/]«emetot aorl thiéristé}ongac&tht_aﬁ 'i('rfjéA%aﬂ:QBivg&;OlZ
Transfer 50g rated starch into an alum numtin mm X mm X
50mm and sprgea?agteagvgﬁﬁaﬁa%achaé%%r the entire bottomof the pan. Preheat an
oven to 190¢. SEMRETPRe&oeltionwwbiechingn at 3390 @' Pbiar p@tefrivas measured into a

15 reaction vessel. 110g Na,SO, were added with agitation and stirred until dissolved. With
good agitation, 2,200g high amylose (~70%) corn starch were added and then 3% NaOH was
added drop-wise to the slurry as needed to reach 40mi alkalinity (733g NaOH for 44.14mi
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

20 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 HCI (pH 5.49 using 285.38g HCl). The resultant 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

25 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

30 with dilute HC! 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 imediately in 40z (118.3 m)
plastic jar and close the lid. Cool the starch to roomtenperature and
determ ne noi sture of baked starch gravinmetrically. The noisture content of
t he baked starch should be in a 5-8% (ww range which is typical for
cookies and biscuits. Test glucose release fromstarch i medi ately or store
It inan air-tight container for testing the 10 follow ng day. Exanple 1 -
Preparation of Chem cally Mdified Starches The follow ng nodifications are
wel | -known in the art and t he procedures are nmeant as guidance to the

skill ed d&xemeies - PRpaatis aesliked Staigheshases may be changed to achi eve

di fferentSamJ:51mdmtfo|cb&tstmsh MGMQHIQSstar@) cdtmepydienailabkifide Nabehaf Sterefi am@n - 4 g of

solid so igsgdaed into 750 g of tap water at 23C and
m xed unﬁ Pmcgﬁggifgm{d |“§éeglN\s7|e 50 of sodiumsulfate is then added to
m

t he wat erS2gRi§2 fep walg] werp mgasyred reagiPoressest 1P NazS0- ¥eieAfdgdided
qui ckldy twith gilatiavtand stirmad untibdjsselvers Wiihxgber agitationl 21008ge@ rmuatdrehl wannadded eand Var i ous

level's Ofmetarsqméoﬁtnras%amr@r“ﬁsea&m@Qu&,oastne@deaQ>régcﬁasrhr a%wtr Yctpdlde7g xed for 1
to 2 mn n transfe ottle and

u e

boarod " PRDPr e Samatant ot ape AR Eh e et et e BR oL TR i o
cabi net  geteratue WEGdANEd BYRICAL16Q df 6199/ STBISTE blerkf wasraddeand glawed lomeact
c;)lrrr)l e& etforuh@uél e'tiMal bR aﬁéjﬂtrahhﬁér&dremre rsﬂdrd%d Ht .08 hrlmwtz@c Stthd ;wrrvss a%ﬁrbtddS agd t gen
a (0] ut es ust e n an

o e 185 B hriah Sl e dPG b bt sBEth 425 5o alefootafh WS D, © 2
f i I trati owicanth 3,098 "%taalﬂéﬂqf Jakéakpgamgrnféﬂi R eRdigdt er (3 x 250 m), spread out
on the besuepiet3op,00@unbf &b waised t 0was iheadingd intbhRe@Najebs. i1sogrwsaz\mle usi ng sago

starch. %dMutﬁ g%latroﬁr%‘r& Etl? eg @Pélafs%éod %{E%Q&J Jgﬁﬁ%ﬁ %Q)OOg é%‘rr%é?&r we(?é 0?99 grams of

waxy maize urrted in 750 m
tap wat erand *f'ﬁ'é3éINﬁPF'V’aWeM’R@H'SWOt”P? SéH'i"V aﬁ)ﬂ}eéf"ﬂ’éaffa%'t 19 %'l‘a"Wl(‘?eégt he pH was
adj usttbed Na@H7For4 0&miratkaldy) s Otk slumy vgelstiond ter.and the pElgias etordat (BD11089).t Tve r eact i on

was cont 't&h’p’fe%td’r‘@h&eadﬁst@& jody. slGéH ofa Qg’ﬁ @ﬁ"ﬁg@ﬂg Elerﬁd vuagta@njied%frd dRwed Bhdk of

oct enyl s#gcr n te 1ncrenents. The

pH was 1”&‘1’?}?%‘?""#3”%?"#&%? il re&f’rd%q’/bogéa%?ﬂdﬁﬁcﬁ) o]l\:r]e(fé' “afhe reaction
i s al | ow adiysted fo/5.5with 811 HChe@H S5GGnsiun#6i8mHEN. Tha estitapt starehyrasq Wasdilteredand 1 nl i n
10 mi nut egkhed Biigs ﬁfh@r(@blmv\@§w§t9reﬁhé tdké RELAumdIduAY giharal t man #1 paper and

\r’\g: Pﬁél,é)r :M %;nlp% 53%61‘5 rtnf o?p wat?a?o QJ m%_T%Br&gva Io a r%acTor}\e g?s,gﬁrﬁ?%ﬁ’agsﬁa Ser%?gghl oric
acid. THeded with P?‘taﬁ%‘sa”égf&feﬁ U'I“i' Q"%Sé'r"@g W'M@‘PF@Q"‘?WP@ 13,2800 QRENRtar¢hoYREs ad?’?ﬂ’) m
wat er, arid &iefi 3% Na©H wha®addes 8rop-wise to the slurry as needed to reach 40ml alkalinity (733g
NaOH for 44.14ml 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/STP blend was added and allowed to react
25  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 HCI

(pH 5.49 using 285.38g HCI). The resultant starch case 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
30  (45.4kg) Na,SO, were added with agitation and stirred until dissolved. With good agitation, 2,000 Ibs
(907.2kg) of corn starch were added. Then 3% NaOH was added at 4lbs/minute (1.8kg/minute) to the
starch slurry as needed to reach 40ml alkalinity (about 600 Ibs (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
35  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 Ibs. HCI (34kg)). The starch was washed and centrifuged on a Merco
centrifuge and flash dried.
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13 than 15% noi sture to produce an OSA starch. The exanple was repeated
using a high anylose (-70% corn starch. c) Acerylated - A total of 500
grans of waxy nmize starch was placed in a 2L plastic beaker and slurried
in 750 mM tap water. The beaker was equi pped with an overhead stirrer and pH
5 nonitor capable of automatically adding a 3% sodi um hydroxi de solution to
mai ntain a predeterm ned set point. The pH controller was set at 8.0 and the
slurry adjusted to a pH of about 7.8. A dropping funnel was charged with 15
grans of acetic anhydride and set to deliver the full charge over

appr oxi mat el y Sampled InHi 1% 14, Hé apd- 6pese pienagpday the semepresedy 38 sampifl ¢ ahPon.

Af t er t herraodbfdonrsTefP/STiPe bl yal ddfiletetV@SesuBsTp b @éstred braind grephoan lewels al | owed to

10 continue f%mg%ﬁﬁ%tzb%/ modAlidh 5o otRlgher MAPmedstiel hio il R8sl ! 1 ¢ €1 ed

t hrough Wat er and wa The
resul ti ng-9gkkaG! wery qd jthagitatipry ang stirred yntil digsalved. ;500 91%%%?’%?%35"’ Shtgh
r ecoveér eoverepadedéd tottek shiheplgibrar 3% Na@hé vag aldedldrep-eisa@iophesiurg wvith stegpe agitetibniasi ng

tapoca stkdedo r‘élch%ﬂvﬁl ﬁEPHh@QIdW \lvé%%rtlirm M‘atnﬁ' gl av@@'rélﬂrded §>H3IQQ>) ”d) 020f tap

wat er was act i d with
bl Lot 1 PP RPE e i frd MvECR RoRa AFRRTIS wamo SyPRE Brbr T S8 oh
anyl ose (wap@Jiysteddp §-5ith BHWe Tee rgekited starel C@'ﬁé'rﬁsﬁ%fﬁh{ndl waahed tieRiwith BPop- wi se
to the slhkdpyvaie® THReEIRAvaEuMBRE ndiidlieal kal i nity (733g NaCH for 44. 14ni

The. t1 e ai urie st ot Buckblohloiy he By PG ol BILAVER P RHaARGy o 1 ™)
added ancpagll qfﬂ\ﬁ/é’ﬂcopkﬁdrs@é@tsa'f‘ﬂ?s Jbe ’.’F?”“ﬁé[fr’@ted rAabIpi bRIRY: mai ntai ned with a

controller and 3% NaOH (556. 6g consuned). The final pH and tenperature were

recorded {pkl;11. 19 and 42C). The pH was adjusted to 5.5 wth 3:1 HC (pH
5.49 using 285 .38q HCI) The resultant starch cake was filtered and shed

twi ce wilt hSBresoo| Semela[P \arSEMP/SIBBg [of BMEd st 4r ch Gleesa FRa3sed QT (Fded iln wat er
at 40% dol imdse and pl aced in a 2L pl ai?h(nsphdmaker and slurri ed in 750 |m tap

wat er . re—beaker—s—egut I(%Eh‘st:‘:i\"cﬁ)” 35 ANy Vel e "mmtl f |1—.20mﬂ1||u pélmﬁd'ﬂ n a

constant| tenperafure bathh pre-warnmed to 40 and the pH 1S adjusted t
bet ween [R¥MFoEnd| 11. 2 wi th 3M&8di um hy@®¥xi dd. A7totlal & 4.p gBans |of
sodi um hymﬁdainor te 2s adlded and thd pHoqlaecked t1o cdnfrwm 10[ 8 8011.]2. The
reactio Hpetsto—gtT—fpr—twghet5—at 406G —Affrer— two—pet t+He
slurry ils Deﬂt Plstld 10 a megative Ki te;otﬁwtr % Jodi G‘?n et a- g?sul fi
sol ut i on.DeWR@mst ar ch4slufry i 9% hen |pH &§'ust 4d tb 5.5 3B with ditfutd HCl
and fi | t|aFeatkofdT pUghs Vhaj nan #2 papdr arsowashed gu t il an ;addi fional 450 nlL

15 As can be seen from Table I, 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 3 — Glucose Release from Chemically modified Starches
20 A variety of base starches were modified using PO, OSA, Acetic Anhydride reagents

according to the general procedures described in the above examples to obtain a variety of
modification levels. The digestibility of these starches were tested and the results are listed in Table

11, below.
25 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




of tap water. The wet cake is allowed to air dry to |less than 15% noi sture
to afford the oxidized starch product. 14 Exanple 2 - Preparation of
Crosslinked Starches Sanple 1 - control corn starch; Melogel (r) starch
commercially available from National Starch and Chem cal Conpany,
Bridgewater, NJ, USA Sanple 2- 3,000 ml of tap water were neasured into a
reaction vessel. 100g Na2SO4 were added 5 with agitation and stirred until
di ssolved. Wth good agitation, 2,000g corn starch were added and then 3%
NaOH was. -wise to the slurry as needed to reach 40nf alkalinity
(actual Eg%gffﬂgéﬁpFﬁ$44 00m _AVAQalinityl). Gesies| ufry29as [stived |1 h80 and|
the pH whs _Becoibdetd (pH 1. 68) . OPhe t{enper athe s _adj ustled 20 42C $6Qg
of a 99/ L SIMP/E¢R bl end| was ad@d8 and alll oweebkieo rieactt® far 46hourls, The
final pHLan8 temeatraturel were r@dérded (pH 1CGodB2 anid 42€) . |The4bH was 56
adjusted 10 to 5.5 wth 3:1 HC (pH 5.47 using 164.99g HCl). The resultant
starch case was filtered and washed twice with 3,000 ml tap water. The cake
was crunbled and air dried. Sanple 3 - 3,000 m of tap water was neasured
into a reaction vessel. 1 00g Na2SO4 were added with agitation and stirred
until dissolved. Wth good agitation, 2,000g corn starch were added and
then 3% NaOH was added drop-wi se to the slurry as needed to reach 40nl

al kalinity (667g 15 NaCOH 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 HCO (pH 5.57 using 146.88g HCI). The resultant
starch case was filtered and washed twice with 3,000 mMl tap water. The cake
was crunbled and air dried. 20 Sanple 4 - 3,300 ml of tap water was neasured
into a reaction vessel. 11 0g Na2SO4 were added with agitation and stirred
until dissolved. Wth good agitation, 2,200g corn starch were added and
then 3% NaOH was added drop-wise to the slurry as needed to reach 40nil
alkalinity (733g NaOH for 44.14nml 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% NaCH (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 ml tap

wat er. The cake was crunbled and air dried.
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As can be seen from Table lll, a variety of starch bases may be modified using a combination of

STMP and STPP to result in the altered digestion curve of this invention in model food system.

Example 4 — Glucose Release from Chemically modified Starches
A variety of base starches were modified using PO, OSA, Acetic Anhydride reagents according to the

general procedures described in the above examples to obtain a variety of modification levels. The

digestibility of these starches were tested and the results are listed in Table 1V, below.

18




conbi nati on of STMP and STPP to result
this invention.
Figure 2. Exanple 3 -

The

in the altered digestion curve of
di gestion curves of these starches are depicted in
G ucose Release from Chemically nodified Starches 20 A

vari ety of base starches were nodified using PO OSA Acetic Anhydride
procedures described in the above
The digestibility of

reagents
exanples to obtain a variety of
t hese starches were tested and the results are listed in Table
Sanpl e Base Starch Total

# %1 Dent VA NA 18 80 85 16 2 Dent NN A Cookie 29 73 80 3

25 Table 111
mn T=240 m n

according to the general

nodi fication | evel s.

Bound Phosphorus Model

bel ow.
T=20 mn T=120

Dent 0. 24apkAy 1 27 60 4 Dent 0.12 Cookie 19 65 75 5 Dent 0.14 Cookie 14 47

56 17 Sangleforatshpynd-Phoshorus—d R Sran et b e e —
mn T=2 R High (-/0%| 6 Am | ose 3 H gh (;70% P>Am e
N A Coolie 6 23 4P Byie (|-Matipatign AMadiisation | Mediigations | Mediigtion| gRO( - 70840 9| ARAC
| ose 0.235 Cookie |7 16 18 |10 Tapi oga NAelN A 9 42 52| 1dielapi pca 0. 15 Cooki e
14 46 58—12WaxreorirNFATINFA-35—94—100—13Waxy—cori0—3t—Copkie—17F—56-6
17 Waxy Corn na na na na 35 94 100
0SA 3% bound - - 20 56 69
18 OSA
OSA 3% bound Acid 25s viscosity 22 69 76
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 POClI,
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




14 Waxy corn 0.41 Cookie 12 31 36 15 Rice 0.17 VA 17 55 68 16 Wheat 0.21
NA 22 69 82 As can be seen fromTable |11, a variety of starch bases may
be nodified using a conbination of STMP and STPP to result in the altered

di gestion curve of this invention in nodel food system 5 Exanple 4 -

d ucose Rel ease from Chemcally nodified Starches A variety of base starches
were nodi fied using PO OSA, Acetic Anhydride reagents according to the
general procedures described in the above exanples to obtain a variety of
nodification levels. The digestibility of these starches were tested and

the resylts are Ifisted in |AMPETPV,| 0188%ow. 18BFathing | V:8%BANePICE| # 2Banpl &6 61
Chemi cal| ybdi ficgtions A Uegse Rel ¢asgddt PHtarch Base Modififgation

Modi f i cat-en—ModHiiecati-on‘ModiH-ecati-or—206—3200240-131 1 tevel2 2 tevell -3+
Waxy Corn na na na na 35 94 100 OSA 3% bound -- -- 20 56 69 18 OSA OSA 3%

bound Aci d 25%s gandesesnfipnyiabigy, Feriety of stk basaswray §¢ padifiRdasipy waripen 2% bound
Adi pi ¢ AGéddbmts hdblieatidentsIo AQult id fhe atpddydigeltidb Bilveadi tHahventiodl Tapi oca 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 POClI3 treatnent
Dext r i5ni Z%ﬂ@l&éhﬁgggfmducts Con_’_jgmlya-c_t@g]lcaiﬂgqmgq g@'@%i ty 5.5
The starch samples of the above examples are added at levels of 5-40% to replace flour or
other carbohydrate ingredients in six different food products.
1) White Pan Bread
2) Semolina Pasta
10  3) Nutrition Bar
4)
5) Tea Biscuit

Flavored Yogurt Drink

6) Cereals
All ingredients are listed as weight % of the formulation

15
1) White Pan Bread
Patent Flour 55.6
White Granulated Sugar 43
Shortening 28
20  lodized Salt 1.1
Active Dry Yeast 0.6
Dough Conditioner 35.0
Water 0.6
Total 100.0
25
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
30 at210°C for 22 minutes.

2) Semolina Pasta

Semolina Flour 741
Water 23.3
35  Dried Egg Whites 1.5




ABF 25 Sago na na na na 3 13 19 Hydroxyprop 7% bound Phosphoryla 0.004% 21
69 74 26 ylation PO tion POCI3 treatnent H gh (-70% na na na na 11 26 30
27 Anyl ose OSA 3% bound -- -- 24 64 67 28 OSA ].9 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 and/or treatnents to
result in the altered digestion curve of this invention. 5 Exanple 5 - Food
Products Containing Chemically Mdified Starch The starch sanples of the
above exanpl es are added at |levels of 5-40%to replace flour or other

car bohydrRaugh Conglitien#r ent s in 1 x different food products. 1) Wite Pan Bread
2) Senol ity Pasta 10 3) Nutwobbi on Bar 4) Fl avored Yogurt Drink 5) Tea
Biscuit 6) Cereals Al ingredients are listed as weight % of the fornulation
15 1) Wite Pan Bread Patent Flour 55.6 Wiite G anul ated Sugar 4.3

Shor t eni NyeRR oD | odi zed Salt 1.1 Active Dry Yeast 0.6

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

stirring. Drain water

3) Nutrition Bar

10  Protein Powder 33.6
Brown Rice Syrup 21.3
Dry Oats 10.5
Honey 9.0
Nonfat Dry Milk 9.7

15  Soy Oil 28
Peanut Flour 5.3

Apple Sauce or Raisin Paste 7.8
Total 100.0

20  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.

25  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

30
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.

35




Dough Conditioner 35.0 Water 0.6 Total 100.0 25 Preparation: Conbine all
ingredients and water in Hobart mxer. Mx on |ow speed for 2 mnutes. MXx
on Medium speed for 14 mnutes. Allow dough to rest 5 minutes. Scal e dough
to | oaves (510g for 1/2 kg Loaves). Allow dough to rest 5 mnutes. Mld
| oaves in G inek Dough-nol der. Proof at 90% RH, 80C. Bake 30 at 210C for 22
m nutes. 2) Senolina Pasta Senolina Flour 74.1 Water 23.3 35 Dried Egg
Whites 1.5 20 Dough Conditioner 1.1 Total 100.0 Preparation: 5 Conbine all
ingredients and water in Hobart/Kitchen Aid mxer. Mx on | ow speed for 10
mi nutes. UERBE into sheeter to forminto noodl es. Cook by placing noodles in
boiling Wiater for 5-10 mnut®Ss with stirring. Drain water 3) Nutrition Bar
10 Pr ot ei dirafouneebnc3@0-80 bR O oRi ce Syrup 21.3 Dry Cats 10.5 Honey 9.0
Nonf at Dr8'y MIk 9.7 15 Soy %ipl 2.8 Peanut Flour 5.3 Apple Sauce or Raisin
Paste57. Pr”°1°5'?al 100.0 20 PP8aration:

ectin 2.5

Total 100.0




Conbine all dry ingredients (except oats) in Hobart m xer. Mx on | ow speed
for 5 mnutes, or until blended. Continue mxing while adding liquid
ingredients. Fold in oats while continuing to mx at |ow speed. Form bar
into desired shape by pressing into a form 25 4) Flavored Yogurt Drink
Whole MIk up to 100.0 Starter culture (Danisco's Jo-mx NM 1-20) Nonfat
Dry MIk optional Total 100.0 30 Yogurt Preparation: Preheat mlk to 65C
Honogeni ze at 10. 34 negapascal, then hold for 2 mnutes at 93C. Cool mx to
44C. Inoculate with starter culture. Incubate until pH reaches 4.5 then cool
to 4.5C. WeyberPa#i®) be punped to smooth curd. 35 21 Juice mix: Water 47.5
St r awber rBry tlemidructb<k0anB Pedtin.i Xdd dhOmil, waler, aod siaebdrfy.concentfaectd mbleRdeb Blehddral 100. O
22 Jui ce Rri#Dasah®BectidAry difberied. dbkk@Sk ithikbt RES] dafhr at 648 &1y mifkutes. Wat er, and
strawberry concentrate to a blender. Blender until fructose and pectin are
di sperseoe./%':%'l? ﬁ'ui ce mx in a hot water bath at 80C for 15 m nutes. Cool
to 4.%C. 5 Final Product Preparation: Blend Yogurt and Juice Mx at a ration

of 9:1. GoraHov®m@embgfatiad: nmegapascals of 17.3/3.5 (two stages). Store

finished é?én%%g‘f}n a%g Jlﬁée%x g’t% rgt}on -cl;% . EEE0§I$0"gr§otgeniz<-:‘ at megapascals of 17.3/3.5 (two
stages). Store finished product at 4.5°C

10  5) Tea Biscuit 5 _
Wheat Flour 48.0 o
White Granulated Sugar 205
Whey Powder 1.3
Baking Powder 1.2
15  Salt 0.6
Shortening 9.6
Egg Yolks 20
Water 16.8
Total 100.0
20
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.

25
6) Cereal i
a) Extruded breakfast cereal (maize based)
Modified maize starch or flour 40.0%
30  Maize polenta 45.0%
Sugar 10.0%
Salt 2.0%
Mait 3.0%
100.0%
35




Wheat 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 Water 16.8 Total
100.0 20 Preparation: Conbine all dry ingredients and shortening in a
Hobart m xer. Mx on low for 5 mnutes. Add egg yolks and water. M x on | ow
for 5 mnutes. Roll or sheet dough and out biscuits. Bake at 176C for 12-15
m nutes. 25 6) Cereal a) Extruded breakfast cereal (maize based) Mdified
mai ze starch or flour 40.0% 30 Mai ze polenta 45.0% Sugar 10.0% Salt 2.0%
Malt 3.0% 100.0% 35 23 b) Extruded breakfast cereal (multigrain) Modified
mai ze st & Extrusipd Preaidast pPapiopitigpitle f| our 11.5% Oat flour 11.5%5 Wieat fl our
20. 4% SuwgariePméPdstarch or flour 43.0%

Rice flour 11.5%
Oat flour 11.5%
5  Wheatflour 20.4%
Sugar 9.0%
Malt 2.6%
Salt 2.0%
100.0%

10
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%.

15

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.




Malt 2.6% Salt 2.0% 100.0% 10 Preparation: The cereals are prepared using
nmet hods known in the art. They are extruded, flaked and toasted or extruded
and expanded). The cereals are further dried, if necessary, to a final

noi sture content less than 3% 15 The foods are digested using Englyst

di gestion nethod and gl ucose release is nonitored over 20, 120 and 240m n.
The rel ease of glucose is |inear over the digestion tinme. 24 CLAIMNS W
claim 1. A nethod of controlling the blood glucose Ievel of a mammal
conprising ingesting an edi ble product conprising a chemcally nodified
starch p IMfes | ess than 25% of the glucose 5 release at 20 ninutes,

bet ween 3Meddido at 120 m nutes and greater than 60% at 240 m nutes. 2. A

met hod of py O\A',ﬁétﬁya o@canﬁgmg%eaoo%tbﬂewé 1k ag%mu }o%pﬂs.rggana@lmgfaﬂ WhleSi NY

ingesting an edi lg) nEnsm a chem I g ] el rch

provi des | ess PIAYH CQ'B VS99 2 HemMigRlycBifie @fcga‘g‘é"dﬁf 8 A mrred MHSUREN 30- 70%
at 1206 m nut eslepelat@p ainutes, tetvapn BOPG %t 12000inuienand greateBthaiige at@thoidutes. cl ai m 1
or 2, wherep nAtrh@ho%t@b@hd.% e\fégdafedlsm affgrasbsa@o/a mammecﬂpwege@mg%se 10

?;sgot hmazug_g(;) 8?Ie rﬁ uct cfomé) %réqac m gl' mo%]n{le%réh prOVfdreS ,essst}'n nﬁ15§/o éﬂr}%h r OVI des

°6f claim
1 or 2, wher eiqipashat 2§!1HWI?I§ hemeon %@‘Vbﬁﬂ%@nmﬂﬁ)ﬁfﬂew@f them@0%jat g¢QBiButes. | ease
at 120 m nug.eThe bthéd of dilkigh 1@ 2aibredf the btarciprdvid®s 1eds that2ooe bihd dleositrale s
provisges betwg%#? 0% of the glucose release at 120 minutes. 7. The
met hod of claim1l or 2, wherein the starch provides greater 70% of the
gl ucose r el £adhe mathodf glaif IRf2ewherel therparchprpYidsd lest than X3%pfthegiucose ralgaseei n t he
starch provi des2ognieadser 80% of the gl ucose rel ease

5. The method of claim 1 or 2, wherein the starch provides between 40-60% of the glucose

release at 120 minutes.
15 6. The method of claim 1 or 2, wherein the starch provides between 45-55% of the glucose
release at 120 minutes.

7. The method of claim 1 or 2, wherein the starch provides greater 70% of the glucose release
at 240 minutes.

8. The method of claim 1 or 2, wherein the starch provides greater 80% of the glucose release

20 at 240 minutes.

9. The method of claim 1 or 2, wherein the starch provides greater 90% of the glucose release
at 240 minutes.

10. The method of claim 1 or 2, wherein the starch has been is present in an amount of 5-40%
dry weight based on the edible product.

25 11. The method of claim 1 or 2, wherein the glucose release from the edible product is
substantially zero order.

12. The method of claim 1 or 2, wherein the glucose release rate is substantially constant over
the first 240 minutes.

13. The method of claim 1 or 2, wherein the starch is modified by a process selected from the

30 group consisting of propylene oxidation, octenyl succinic anhydride modification, acetylation,
dextrinization, and combinations thereof.

14. The method of claim 13, wherein the starch is modified by a process selected from the group
consisting of propylene oxidation in the range of 3-10% bound, OSA modification 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

35 white dextrin in the range of less than 10 ABF, and combinations thereof.
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