5 10 Use of a Crosslinked or Inhibited Starch Product This application

cl ai ns -benefit of provisional application 60/591,997 filed 29 July 2004. 15
BAGKGROUND OF THE I NVENTI ON The present invention relates to the use of a
cross-linked or inhibited starch for the control or regulation of blood

gl ucose | evel. Such starches control and/or regulate the bl ood gl ucose |evel
of mammal s when used as a food or feed source by nodifying the tinme and
rate of post-prandial absorption. 20 Starch is a major source of energy in
the typical western diet. Refined starches (for a description of refined
starches see Inberty et al. Die Starke, 43 (10), 375-84 (1991)) are nostly
eaten in the cooked form which generally provides a high and rapid rise in
bl ood gl ucose, being quickly and conpletely digested. However, sone refined
starches can resist enzymatic hydrolysis in the snmall intestine, such that
the starch is not substantially broken down until it reaches the |arge
intestine 25 where it is utilized by resident mcroorganisns (this is
defined as resistant starch or RS). Englyst (Englyst, H N at al. Eur J.
din Rutr 46 (suppl . 2):S33-S50 1992) defined three different categories of
resistant starch related to their origin and neans of resistance. A fourth
type of RS was |ater described by Brown (Brown et al. Food Australi a,

43(6), 272-75 (1995)) relating to chemcally nodified starches containing
ethers, esters and cross-bonded starches that are resistant to enzymatic 30
di gestion. The term avail abl e carbohydrate is defined as the total anmount of
carbghydrate in a food mnus the anmount of carbohydrate that is

non-di gesti bl e. Non-digestible c d ude  dietary fiber, sugar
al cohol s and non- di gesg'i?srfl oga %séﬁ%keg‘i‘?\:'@ag& sdargﬁh?g"%tf di etary fiber
i ncludes the group of starches defined above by Englyst and Brown (RS1 to

4). In some pukd igphrtonemngtersit ofPpovisiesd siphdatiorsdom € o7l ffed @ asysced. or
gquantified as dietary fiber (e.g. Chu! et al. US Pat. # 5,902, 410) using

standard test nethods gsee AQAC 985. 29 and 991. 43) and prOV|de little to no

absor'BablBACKBBPYNRREITHF INMENTKYE, but are fernented in the large intestine.
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ef fect s absofmiods on bl ood gl ucose levels over 5 the tine period of 0 to 120
m nuiogs (NI H Bubhiicathgs HBDer eRRy3RAR P vestbh ded TRARHIERNMES (bNE
description of refined starches see Imberty et al. Die Starke, 43 (10), 375-84 (1991)) are mostly eaten
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
25  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 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
30  digestion.

The term available carbohydrate is defined as the total amount of carbohydrate in a food
minus the amount of carbohydrate that is non-digestible. Non-digestible carbohydrates include
dietary fiber, sugar alcohols and non-digestible sugars. The broad class of dietary fiber includes the
group of starches defined above by Englyst and Brown (RS1 to 4). In some published examples,

35  resistant starch is measured or quantified as dietary fiber (e.g. Chui et al. US Pat. # 5,902,410} using
standard test methods (see AOAC 985.29 and 991.43) and provide little to no absorbable




increnental area under the blood glucose response curve in an individual
subject- for a particular food sanple on a specific day. The magni tude and
duration of the glycem c response to various foods reflects the variability
in the rate and extent of the digestion and absorption of glucose containing
conponents such as starch. This has been used to determ ne the magnitude of
t he postprandial 10 glucose response to an individual food and also to
conpare (relative glycem c response) foods using the sane sanple or serving
size. This is useful in determning the effects on bl ood gl ucose of foods

as consuned by humans and aninmals. As used in this application, glycemc
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Care, 24(®3ppl), 1-9 (2001)). For exanple, increases in blood glucose
| evel s sti nmul aeGitdaeksps quinily the mtepdctions Dbvarioys ivgnedehtsanfooDsid tiat hie thefywizagt | ons

faci lipt anmmﬁmmam%oéohe@ .s%igeawm?e dm&s% afbm%pefd' 85 Léau.r.rlﬁatatsp@é.fﬁg ﬁ?g@:ﬁt S maj or

functions in rot el ns. her efor e

cause an °&%‘@’Haé"eeqa§’\9%ﬁdfaﬂan(599’\ "b]hS(S‘ﬁt (jf"ﬁ@d%'%g&?ﬁ@@'ﬁ? P lggen) B@%aﬁlg‘eﬂéﬂn shown
t o produd®drrayst de (chnsumed. f Séerhativély eted.nfogdsr riem in Miedsi| pratein e diewry filer ioulbeads to

t he upt akgsessitdte 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

25 mechanisms. The first is the rate of absorption into the blood stream of giucose as the food is
digested. The second mechanism is the rate of absorption of the glucose from the bloodstreamn into

the body tissue. Although this is a simplified view of these two mechanisms, one skilled in the art

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 giucose

30 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
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,

35  have been shown to produce rapid (but offset) rises in serum insulin levels, which leads to the uptake,




storage and use of glucose by the nuscle cells, adipose tissue and the
liver, consequently balancing the bl ood glucose concentration in the
"normal " range. G ucose that is absorbed into the tissue can be converted to
gl ycogen as a nmeans of storage for the nuscles. G ycogen is used in tines
of physical activity and replenished in tinmes of rest. Garb 5
(carbohydrate) loading is a process athletes use to increase the store of
energy in the formof glycogen in the nuscle before an athletic activity. It
is "a strategy in which changes to training and nutrition can maxim ze
nmuscl e gl ycogen stores prior to an endur ance conpetition (M chell e M nehan,
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25 2004/0043106) Insulin resistance, necessitating higher levels of serum insulin, is thought to be a
cause of weight gain as the 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
glucose (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
30 trigger a stimulation of 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




increased satiety for longer time periods (weight managenent such as wei ght
| oss and long term weight stabilization), sustained energy rel ease
(enhanced athletic performance including training), and inprovenents in
mental concentration and nmenory. 35 A starch, or starch rich material, which
could provide glucose to the blood over an extended tinme would serve to
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Granular, as used herein, is intended to mean not gelatinized or dispersed by any chemical 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

25  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
retrograde so as to form particles (crystallites) that are no longer soluble below 100°C, but are also
not granular. In one embodiment of this invention, the granular form of starch was used.

30 Most researchers and publications have chosen two points in time to measure the digestibility of
carbohydrates. These points are at 20 and 120 minutes after ingestion or for in vitro techniques after
the enzyme digestion commences, but do not accurately reflect the absorption in the stomach and
small intestines. For purposes of this application, digestion of various samples have been measured
at 20, 120 and 240 minutes to better relate to the true physiological effects these samples will have in

35 the mammalian digestive system,
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BRI EF DESBRFRESCRIPORONMHETDRARKWMESES20 Figure 1 depicts the ideal slow glucose
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from foods con ure depicts the actual gl ucose
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Figure 2 depicts the actual glucose release of uncooked corn starches crosslinked to various
levels with STPP/STMP.

25  DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to the use of a crosslinked or inhibited starch to control and/or
regulate the blood glucose level of mammals and post-prandial absorption. Such starches are
prepared by treating native starch or starch rich materials such as flour or grits using methods known
in the art to crosslink or inhibit starch, specifically with sodium trimetaphosphate (STMP) and/or
30  sodium tripolyphosphate (STPP). Such crosslinked or inhibited starches, when properly formuiated
into foods or taken as a supplement, may be used to provide the consumer with more constant blood
glucose (prevent/minimize acute elevation) levels over an extended time period (corresponding to the
time the material is in the stomach/small intestine) than would be possible with other types of
starches. Such starches and foods containing these starches will help the consumer regulate and
35  maintain normal and healthy blood glucose levels.
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40% any| deewn tg_p@dtpp@tmhlbltlon In one embodiment, the reagent is selected from the group consisting of
sodium trimetaphosphate, sodium tripolyphosphate, and combinations thereof. Such crosslinking
modifications are known in the art and are described for example in Modified Starches: Properties
25  and Uses, Ed. Wurzburg, CRC Press, Inc., Florida (1986). One skilled in the art would recognize that
by varying the reaction conditions and reagents, it may be possible to vary the level and ratio of di-
substitution vs. mono-substitution. How this ratic affects the rate of digestions and absorption into the
body is dependent upon many factors including starch type, amylose content, and granular
composition/conformation as well as reagent type, and reaction conditions. The rate of digestion is
30 also dependent on the way or manner in which the food is prepared and the reaction of the individual
to such foods, including variations in each individual's biochemistry and physiology.
The amount of crosslinking is dependent, inter alia, upon the starch, the crosslinking reagent
and whether the starch will be cooked out prior to ingestion. When crosslinking reagent such as
STMP is used, the amount of crosslinking is measured by the bound phosphorous content and, in this
35 invention, is present in a slowly digestible effective amount. In one embodiment, the amount of bound

phosphorous is in the range of 0.10 to 0.35% bound phosphorous. if different means of starch




suitable for use in this invention. 20 The starch of this invention may be
prepared by treating native starch or starch rich materials wth

mul tifunctional (i.e., difunctional) crosslinking reagents or by subjecting
the starch to a process known to produce inhibition. In one enbodi nent, the
reagent is selected fromthe group consisting of sodiumtrinetaphosphate,
sodi um tri pol yphosphate, and conbi nati ons thereof. Such crosslinking

nodi fications are known in the art and are described for exanple in Mdified
Starches: Properties 25 and Uses, Ed. Wirzburg, CRC Press, Inc., Florida
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processes are well known in the art.
25 The starch may be purified by any method known in the art to remove starch off-flavors,
colors, or sanitize microbial contamination to insure food safety or other undesirable components that
are native to the starch or created during processing. Suitable purification processes for treating
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.
30 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
may be washed using techniques known in the art to remove soluble jfow molecular weight fractions,
such as mono- and di-saccharides and/or oligosaccharides.




see Modified Starches: Properties and Uses, Ed. Wirzburg, CRC Press, Inc.,
Florida (1986), chapter 4. O her reaction nedia and conditions may be
utilized and will provide materials under the scope of 15 the invention.
These include, but are not limted to, dry heat reactions, solvent
reactions, supercritical fluid reactions and gaseous conditions. The
starches may be nodified in the granular state or after gelatinization using
techniques known in the art. Such techniques include those disclosed for
exanple in U S. Patent Nos. 4,465,702, 5,6037,929, 5,131,953, and 5, 149, 799.
Al so see, Chapter XXl I- "Production and Use of 20 Pregel atinized Starch",
Starch: Chem stry and Technology, Vol. 111- Industrial Aspects, R L.
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within t Fp@dq, Fch @s %'O‘I'ﬁhﬁ'ﬂ% @gv_e an effect on the digestibility, glycemic index (Gl), glycemic responsé
(GR) and blood glucose levels.
Starch is rarely consumed on its own, but is typically consumed as an ingredient in a food
product. This food product may be manipulated to result in desired glucose release curves. In one
25 embodiment, the food is manipulated to provide a substantially zero order glucose release curve, to
provide an essentially constant and sustained glucose release rate.
Starch and starch rich materials such as flours may be consumed in their raw state, but are
typically consumed after cooking and/or other processing. Therefore, the invention is intended to
include those starches which, when added to food and processed, have the advantage of changing
30 the glucose release curve. In one embodiment, the food containing the processed starch provides a
substantially zero order glucose release curve, to provide an essentially constant and sustained
glucose release rate. Such foods are modeled by the methods described in the Examples section,
infra.
The crosslinked starch of this invention does not produce a large rapid increase in blood
35 glucose levels typical of a high glycemic index starch, such as most native starches, but instead
provides a more moderate increase above the baseline which is sustained for a longer time period. It




Further, the resultant starch is 30 to 70% digested wthin 120 m nutes of

i ngestion. In one 10 enbodinent, the starch is at |east 40-60% di gested
within 120 mnutes of ingestion and in another enbodinent, at |east 45-55%
is digested within 120 m nutes. In addition, the resultant starch is at

| east 60% di gested within 240 m nutes of ingestion. In one enbodinent, the
starch is at least 70% di gested within 240 m nutes of ingestion and in

anot her enbodinment, is at |east 80% digested within 240 m nutes and in yet
anot her enbodinent, is at least 15 90% digested within 240 mnutes. It
woul d be apparent to one skilled in the art that cooki ng a starch wi ||

af fect the digestibil %/ and rate abs ibE) d@ ucose r}%o t he

bl ood st FBLATO '?90‘?’°°§ssrt8'9 g B‘ta”t“ﬂ%'sé‘f’taé%eta” @d'bck‘?aﬁ@'n 8¢ BHERA Veﬁ\/f et al.
British hoestieradf fepid chinjeining the starcB@nd B2 Flugope (r@eBom the p@pﬁ@@emlorm&pwd

appl i cat iRAis BeuMaiflcordtant. US 2003/ 0045504A1 published March 6, 2003 20

| ncor por at ed Ber ehaubyy L LELAN Gt HpE LG TROLR Beh P GoLEba00 ot arch
on thé dpgdésts ib¢iudingy butgnoy imitdctos brikesk 99@)'"°'@4"‘,®c¢é@ﬁk€fs1r‘é§%h§'éﬁ'"s( &agelsand bl ood
gl ucose beaRY, cookBsApi6 tris, Bty @lkys; coBaLPERS| pfa,i dasta OdMssings)tinduGing Yppureé | y

consured d%%s r@@ ahé1 %o?gab?én&r%?sﬂPsa g{ﬁq(ﬂlﬂ S 915198’ {runt a-m'cﬁeahwqflmgso %gsc‘tnclngtég be

mani pul ate O resu tose rel ease curves
enbodi meMite sayeest gslddqiny-bagef i?ﬂ‘?%t%'é‘ £8 ChPesvisaes HaMiRst ARt SYRIPF\PUSERE or der
gl ucose ra®sS goguts: \s6yr draamspbaywiagke, mbiudhgs exiy-badel \beerayst; Qyiizesarohddwesitsai ned

gl ucgge E&Jf&%gr,gs%@gun.gtg,{d(‘sguﬁ'gnd starch rich materials such as flours may be
consuned suned aft%%(n[gcookl ng

0
S RURSBI S A e R A
t hose st awplemsntovhdiatietic whedwrtsa ddwidets dorf siistdinech @ngsgyo céeasse duchhapy eparthalrigkbv ant age
of changhmgt,oagbgrggmggngggsg}sreI ease curve. |In one enbodi rrent, t he food

containing t [OCess tar rQvi subst an l ro ord gl ucose
rel ease cur ve?h%péoss" de%[ i tﬁe‘g}é%'ghfn a‘égf a|S° snessit"aﬁtw’"ar?'daf aﬁ‘.%%ée)amd“ﬁ Yucose
rel ed8e maening fsm#hmoef@rdawedmt@l @rewtbyantﬂrr@vcﬁwotjgf UJ%SF@PH weeded ﬁntnhle

Exanpl es pr&mbdeltital formfatichs, nlft@ceGicas Sdvenise dousted (BIT) @fepirhtions, i tibie) tapgrilesloes not
produce g4 gtéaeksntapldﬁug'atweﬁa\%eﬁ.ctepfotb'h%gn oty AP ShelrftBh Snd Pl e’ @ 1 0D

glycemc in provi des a
mor e mpd@PRigaionsibat eandienalibibRmm ot FriRaes 9f gluoqkp frerh thedoraylationi ned for a | onger
time period. The créssimiyd al isitbibbe sfarch Ciey detadlier ianby binounhadsireder eecéssammao | ar ge

and pgpi @bts.nqmeeaﬁaoaamymf %dcogtpbt%ﬁe It E¥ELRoRiHeR thel SABShHAPEL Qdded @0n

cont ai ni n% he starch and t eg cose rel ease fromthe prepared and/ or
pr ocessed ount of from 0.01% to 99% by welght of the composition. In another embodlme t, the starch is

added in an amount of from 1 to 50%, by weight of the composition. The starch may be added to the

food or beverage in the same manner as any other starch, typically by mixing directly into the product

or adding it in the form of a sol. The edible product may contain additional components, for example
25  water.

Edible products may be formulated using crosslinked or inhibited starch which will provide a
substantially zero order glucose release rate. Such products may provide the consumer with glucose
over an extended time period and more constant blood glucose levels.

Products which control and/or regulate the rate and magnitude of glucose adsorption may

30 increase satiety for longer time periods, and thus be useful in weight management. They may also
provide sustained energy release, and thus enhance athletic performance including training), and
improvements in concentration maintenance and memory.

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

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




food is substantially constant. The crosslinked or inhibited starch of this
invention nmay be used in a variety of edible 5 products including, but not
limted to: baked goods, Including crackers, breads, nuffins, bagels,

bi scuits, cookies, pie crusts, and cakes; cereal, bars, pizza, pasta,
dressings, including pourable dressings and spoonabl e dressings; pie
fillings, including fruit and creamfillings; sauces, including white
sauces and dairy-based sauces such as cheese sauces; gravies; lite syrups;
puddi ngs; custards; yogurts; sour creans; beverages, including dairy-based
beverages; gl azes; condinents, 10 confectioneries and guns; and soups.

Edi bl e products also is |ntended to include nutritional foods and beverages,
|nclud|n5 ﬁwéf§ry suppl ements, diabetic products, products for sustained
ener gy r el easthedelohingexagples are prsénteddo furthren tlvstrate andiéxplarthe rgsdntéverigy bars. The
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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.

25 After 20, 120, and 240 minutes, 0.5-ml aliquots are removed from the incubating samples and
placed into a separate tube of 20ml 66% ethanol (1o stop the reaction). After 1 hour, an aliquot is
centrifuged at 3000g for 10 minutes.

The glucose concentration in each tube is measured using the glucose oxidase/peroxidase
method (Megazyme Glucose Assay Procedure GLC9/96). This is a colorimetric procedure.

30 The degree of starch digestion is determined by calculating the glucose concentration against
the glucose standards, using a conversion factor of 0.9. Resuilts are given as “% starch digested” (dry
weight basis) after 20, 120, and 240 minutes. The experimental error of the test was determined to be
+4.
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devel opi ng di abetes, treating obesity such as wei ght |oss or weight
managenent, and preventing or 35 treating hyperglycema, insulin

resi stance, hyperinsulinem a, dyslipidema, and dysfibrinolysis. 9 EXAVPLES
The follow ng exanples are presented to further illustrate and explain the
present invention and should not be taken as limting in any regard. Al
percents used are on a wei ght/weight basis. 5 The follow ng test procedures
are used throughout the exanples: Sinulated Digestion - (Englyst et al.,

Eur opean Journal of Cinical Nutrition, 1992, 46, S33-S50) Food sanples are
ground/ m nced as if masticated. Powder starch sarrpl es are screened to a
particle size_of 250 mcr els

wei ghed and ad@¥d¥B'e: Wéys'i%a%%rﬂﬁfge ﬁﬁ%ere'fﬁ Sﬁtn panOf an Oé)lﬁ%g?tontst? r% ®guar gum
(0.5% , adveptedTRNge®f BBlgeytion walugsifesrormareirded t o each tube Bl ank and gl ucose
standard tubes are prepared. The blank is 20 mMl of a buffer containing O0.25
M sodi um at-e—and—0—02%calcium-chi cr' ge—aueose—sLandards—atre—pr epar ed
by m xi I ESm'r

n#’t )SOdI um pcetate buffer ( escribed above) and 10m_of} 50
mg/ m gl 6@@@@1 coitigli on. Stéartlards are |B8zpArepared in|#mticate. The enzyne
mx is tmma@qmy @208 coBmacidlly RIablE [TRmP Nhiohd edtirdh 4ndl Oielick- Codgay, t 0 120
m og dﬁnl‘% geguveﬁt\er m xi ng well, then centrifuging at 3000g for 10

m nut es e sdpernat ant is collected and 48ng of dry invertase (Sigma
1-4504) and 0.5 mM AMS E (Novo Nordi sk) are added. The sanple tubes are

pr e- i ncubainé@hephdudhrbsis 30 m n, then renoved fromthe bath and 10 20 m of
sodi um acet AL Mt% élu? %@'Qtsghﬂt WQDWSQU@M%s@%rwﬁdalusﬁ Wish @b d in

physi cal brea urin akin enzyme

mi Xt ure F%“%%feﬁ‘etf’ge’t"ﬂte 2§8r‘f‘ﬂl°gge'°’meﬁrﬂ?te bl“’E"tSaﬂ%Y yagele atioem 1?5‘8%"”‘5[' % shaken
hor [ zant &lepgre iqnanditaB/eIg dxastariheltrty im#N HOH rdX baitap eloyesl 881 il thelsemplerfan. 7, me

t zgr 0" , g 86y RISUA tambétaurefduaa.tan%tﬂhuttb Qfth montzmwaaszuaa WlréHdve b ﬂogﬁb% [ ][ st
upe. S are rom
L hesi nouBalcRle- 2 hie et 5 on ideay B iiehendle Balegndarirafrsist JCBLES o hanol

(t o st opPhdsehorusasing glaldardafinalyticall praeadures iprpbidin tgiablound phaseherusi fAdgrsidoqand 30009
ff)r 10 mpRdébidTus .Jdt&rrguhmd %Bbtfa@tihﬁ@:gdl ?@Jnﬂﬁlﬁbsbl’(brtg@ﬁ?theDrhhlﬂﬁifibdisté'f&ﬁf&iﬁtgdt dfisi ng t he
g ucqse oxi dase netho Megazyne ucose Assay Procedure
?36) %fﬁgﬁgﬁ(%ﬁé colorinmetric procedure. 30 The degree of starch
d| gestion is determ ned by cal cul ati ng the gl ucose concentrati on agai nst
Model Cookie / Biscuit Food System

A procedure described below was followed to model preparation of cookies.
Measure moisture of experimental starch gravimetrically.
20  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.
Weigh 50g of starch into a mixing bow! 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
25  ensure even moisture distribution. Complete water addition in 5 min.; continue mixing on “fold’ setting
until starch does not stick to walls of the mixing bowl. The total mixing time is 8-10min.
Transfer 50g of the hydrated starch into an aluminum tin (145mm x 120mm x 50mm) and spread
evenly to cover the entire bottom of the pan.
Preheat an oven to 190°C.
30  Bake the hydrated starch at 190°C for 20 min.
Take the starch out from the oven, place immediately in 40z (118.3 mi) plastic jar and close the lid.
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the glucose standards, using a conversion factor of 0.9. Results are given
as "%starch digested" (dry weight basis) after 20, 120, and 240 m nutes.
The experinental error of the test was determined to be +4. 10 Every sanple
anal ysis batch includes a reference sanpl e of uncooked cornstarch. The
accepted range of % di gestion values for cornstarch are: Tinme (mnutes) 20
120 240 Sanple 1 (control) 18t 4 80t 4 90:E 4 Mel ogel starch, cornstarch
comercially available from National Starch and Chem cal Conpany, 5
Bridgewater, NJ, USA. 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 nl of deionized wa r tinmes, Dry sanple at room

t enper at &P@J\.me Sfff%lﬁ? BRI PG e?"f’g?treweﬁn%%}ér%%g?@ﬂ rsrigfcﬂ IQW'XFWC% ﬁf@l , add

boi | i ng stoshieontamaf thebdked sterclsshapil be hars-87nfivv) range Whiclois hyelgatiar eanjsies atdur e,
quantitapjsmmby dilute W|th dei oni zed water, centrifuge to renove any

possi bl e 8§tg %or?%{elleﬁse( oa._.,jtar?h lmrredl elg or sttorel m%rq %L-’é&?&a@%e fgrq&%q 'M% ly COUpl ed

Pl asma Sp ndard ana
pr oce8ur édlowieg ¢yt ai n t ot al bound phosphor us Added bound phosphor us is
determ ned by subtracting total bound phosphorus of the unnodified starch

fromthat, %ﬁ e 11_5E,IEE§ @Wér&s@%k?&?%r@ﬁbs Model Cookie / Biscuit Food System A
pr ocedur d to nodel preparation of cookies.
Measur e rFBMeiedr B! s anpleesl secr Mgl arateple dap NpiondBlae & at e amount
of addi t iCheratal @ampdny rBeidgewated NUAJS#d] ust the starch to a noisture content of

25% (o Wsam chod)oSml%f tra}{ wa&%me&hu& ﬁ'ltol aerxfck.onwassep oe ﬁazgactvebé &gyt dough.
Wi gh 50%‘? st ar c G?‘ W §5|$)C n M 2 | ower m xi ng
ol addes. | AGRSIGR AN SHES SOk Ho Wi Rer? Bl 2000 BT 8 B n
addi ti on theh SPﬁrP@O(t'aﬂa@ alided dobpauiee tmihe gfirrneanesdethip reqoh 49miatsaliniye(agtet 6679ont o t he
starch Whabe 16ruX il alkQinity? STHIMEMY RaLMRE mlaﬁ& 6 BH dh@kédr&udt@mﬂ easiomal ete water
2‘??2}(' ,?g t%,r\'gquaturrg vpa aﬁjgsqrétog%g H](S)av(al OQQ#PS'{ l?/%ﬂ’Prﬁﬁeer{[dtwlaggddeH Jall gr ch does not
Tr andPer r&ggordrhoe ThafialRHaad temasratireiwetegespried (Al 9d #nd 4%10( Iﬂ%?HTW%S 120nm X
50Mm anddigferad.s wak eniHE! (bR 5aovstg 16ReoEnt). rmae keiitamttatdh chkvavag Aifered and
washed twice with 3,000 ml tap water. The cake was crumbled and air dried.
Sample 3 - 3,000 ml of tap water was measured into a reaction vesse!. 100g Na,SO, were added
with agitation and stirred until dissolved. With good agitation, 2,000g corn starch were added and
20  then 3% NaOH was added drop-wise to the slurry as needed to reach 40mi alkalinity (667g NaOH for
44.00ml alkalinity). The slurry was stirred 1 hr and the pH was recorded (pH 11.69). The temperature
was adjusted to 42°C. 160g of a 99/1 STMP/STPP blend was added and allowed to react for 17
hours. The final pH and temperature were recorded (pH 11.32 and 42°C). The pH was adjusted to
5.5 with 3:1 HCI (pH 5.57 using 146.88g HCI). The resultant starch cake was filtered and washed
25  twice with 3,000 ml tap water. The cake was crumbled and air dried.
Sample 4 - 3,300 mi of tap water was measured into a reaction vessel. 110g Na,SO, were added
with agitation and stirred until dissolved. With good agitation, 2,200g corn starch were added and
then 3% NaOH was added drop-wise to the slurry as needed to reach 40mi alkalinity (733g NaOH for
44 14ml alkalinity). The slurry was stirred 1 hr and the pH was recorded (pH 11.71). The temperature
30  was adjusted to 42°C. 220g of a 99/1 STMP/STPP blend was added and allowed to react for 17
hours. The pH was maintained with a controlier 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 cake was filtered and washed twice with 3,300 ml tap water.
The cake was crumbled and air dried.
35 Sample 5 - 2,500 pounds (1134kg) of tap water were measured into a reaction vessel. 100 Ibs
(45.4kg) Na,SO, were added with agitation and stirred until dissolved. With good agitation, 2,000 Ibs

12




Preheat an oven to 190C. 30 Bake the hydrated starch at 190C for 20 m n.
Take the starch out fromthe oven, place imediately in 40z (118.3 m)
plastic jar and close the Iid. 11 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 imedi ately or store
it in an air-tight container for testing the 5 follow ng day. Exanple 1 -
Preparation of Crosslinked Starches Sanple 1- control corn starch;

Mel ogel (r) starch, comrercially available from National Starch and Chem cal

Conpany, dé'} '2%9 ng@Fnes'Ea’rch%re a\‘c}géad llq)ler%"’m!a(gH %as gﬁdQ@Q 4‘5‘5/51 ugt @ngmﬁﬁé té(\ﬁé €

rreasured I nto t1 on vessel aél%lt ti on and

stirred SAEM F'”EN %%’Zﬂe@@op "SAPR ﬁo’ﬂﬁl'iﬂ'”ﬁyg(ia?%‘f ?Q?Hbs 3720%@)9“'?9” W’ éﬁ T e added
and t helh&8ixNeCkds\stirseddetdedl aol b phreserdecoipt N&6)s | Tampsratare wae edjestedtto 1088 ch 40mil

al kal i ni {ape d a@écuael (98 PGP of MBI TMRISTEB HIRRMhera bRl 'hrnu' rteyaed f&rhea h&lrd! MThié FiMAS

stirr %?-1 ded r.at S
stirrsd b and it SNes Losplded i ol ey Semenchuts as
react foms deddeditrsl, 5.4T¢ringf 15rikd. HEH34keH. (Tearplarctrvas washed endr@euﬂium@don(qoMem. 02 and
420) . Th@e,-mﬂ,dy@ﬁdﬂa@ﬁlhmt ed to 5.5 with 3:1 HO (pH 5.47 using 164.99g HCl).
The resul tant st arg i]rere n hed t 0 tap
wat er. The caEa J19 ﬁnﬁ’l \é%%é dJ 1t6wereg)r& %d bymsﬁgs‘?me %‘ggeéﬁﬁg%éaﬁ*pégf thR%p wat er
was neas@ment piePd SJMP@IBF pisrd wasedlippted ‘SP.O??@”SN&?%@WP@ REERRBRIUS IgFelh agitation
and d0i r rsagipiang 1 1506 & watemed.medédréd igto adctag vdsadli BBg of NaOlMkge aldedwisit ar ch wer e

added anq m&?k Q@ﬁhe@%tl\‘é@dlv\é\@%oégg%r&rv@?e YaSro i sEIh?olu‘ﬁWrs'@/yNél‘ﬁ-' Wgeded to

reach4 al i ni %gf‘ I ni urry was
T rred 0% OBl S FET AT 5000 570k PHA 1 LA BN K% vins

adj ust ed stired4 2Candig0g wes recoied (PHSTNE). ST3H POICE mes adiisd ardicitialved nadreadt Foowed t o

r egct fC ;J 3orkif whikQfrifg at T tfa,haﬁéture Hri i a8 'mﬁ‘sﬁe'ﬂttb's € WS € HEE aRE RSGhahP T4é1832
an S g
fo) 8T e gk P p i bty Pt Wi, e i, oo 3, 000
m tap watesk . The cake was crunbled and air dried. Sanple 4- 3,300 m of tap
wat ter t was measwy buntidt Bbuad Srdeshbiu® BndMRSSRunt olgxmsé\l@%%aé t\n)é@rdﬁteizhdrﬁ%ggor with
agitatio s ation g corn
starch mg?@%g‘éigwaﬁ% sg{ghclsa;m%% médgﬁqwaarw'%% '9? rdg&mse to the slurry as
needed to reach 40n1 al kalinity (733g NaCH for

20 Tablel
Starch Sample ID STMP/STPP Bound Glucose Released O/T (%)
Base Phosphorus
(% on starch) (%) 20min 120min 240min

Dent corn 1 Native 0.04 17 75 85
Dent corn 2 8 0.12 17 71 80
Dent corn 3 8 0.21 9 48 62
Dent corn 4 10 0.31 1 8 15
Dent corn 5 12 0.40 0 2 4

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

25

Example 2 - Glucose Belease in Model Food Systems
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Q P7(%
16

9

High (~70%)
Amylose

0.25

Cookie

16

18

10

10

Tapioca

N/A

N/A

42

52

11

Tapioca

0.15

Cookie

46

58

12

Waxy corn

N/A

N/A

35

94

100

13

Waxy corn

0.31

Cookie

17

50

60

14

Waxy corn

0.41

Cookie

12

31

36

15

Rice

0.17

N/A

17

55

68

16

Wheat

0.21

N/A

22

69

82

As can be seen from Table Il, a variety of starch bases may be crosslinked using a

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

systems.

Example 3 - Comparison of Crosslinking Reagents
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Dent corn 1 Native 0.04 17 75 85 Dent corn 2 8 0.12 17 71 80 Dent corn 3 8
0.21 9 48 62 Dent corn 4 10 0.31 1 8 15 Dent corn 5 12 0.40 0 2 4 As can
be seen from Table |, Sanple 3 shows that starch nay be crosslinked using a
conbi nation 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. 25 Exanple 2 - d ucose Release in Mddel Food Systens 13 A variety
of base starches were nodified using STMP/ STPP according to the general
procedure of Exanple 1 to obtain a variety of total bound phosphorus | evels.
The digestibility of these starches wer e tested, either as is or in nodel
food systens. results ar o el ow.  Sanmpl ase Starch
Total Bound P osﬁg?°ﬂ§J%%?d' &%FJ/#I'P}E pllegﬂﬁs ComﬁareqRﬁgtPl%oﬁl/A N A 18
80 85 ZC%H‘PC"WN“EBWP@WE@XYPB'O% The Mﬁaf@?wnr{vﬁ?blﬁ hpelg® 4 Dent 0.12
Cookie 19 65 75 5 Dent 0.14 Cookie 14 47 56 5 Sanple Total Bound
Phosphorus # Base Starch % Model T=20 mn T=120 min T=240 mn H gh (-70% 6
Am|lose VA NA 11 26 30 High (-70%9 7 Am|lose N A Cookie 9 23 27 High
(-70%9 8 Amlose 0.23 VA 6 13 16 High (-70%
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9 Am | ose 0.25 Cookie 7 16 18 10 Tapioca VA NA 9 42 52 11 Tapioca 0.15
Cookie 14 46 58 12 Waxy corn VA N A 35 94 100 13 Waxy corn 0. 31 Cookie 17
50 60 14 Waxy corn 0.41 Cookie 12 31 36 15 Rice 0.17 NNA 17 55 68 16
Wheat 0.21 NV A 22 69 82 As can be seen fromTable I, a variety of starch
bases may be crosslinked using a conbination of STMP and STPP to result in
the altered digestion curve of this invention in nodel food 10 systens.
Exanpl e 3 - Conparison of Crosslinking Reagents 14 The digestion of corn
nodified with STMP/ STPP from Exanple 1 was conpared with that of corn

nodi fied with phosphorus oxychloride. The results are shown in Table |11,
below. 1 PI e |1l Bound T=20 T=120 T=240 Sanple No. Sanple P(% (, GGR)
(%R (/&LGRANULAR STARCH 1 Dent Corn na 18 80 90 17 Dent Corn 0.26 1 27
58 STMPLSTPP 18 Dent _Corn 0 Q2 PQCI I\/r]')FI COKIE 19 Dent Corn 0. 26

5 39 63 | STMRhsNRP 20 Degatm Cor 1 @;?7 3 ﬁéio 16 iged TPEE] 3 5(T=?!1§ dan be seen from
Tabl e || l—+the—dent al nroduc . %Mviu"gﬁ Hh {.ﬁ.e’ ipdel cookie, did
not obtafm GRANULAR STARCH T
1 Dent Corn na 18 80 90
Dent Corn
17 STMP/STPP 0.26 1 27 58
Dent Corn
18 POCh 0.27 0 2 2
MODEL COOKIE |
Dent Corn
19 STMPISTPP 0.26 5 39 63
Dent Corn
20 POCI; 0.27 3 11 16

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

Example 4 — Food Products Containing Starch

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

1) White Pan Bread
15  2) Semolina Pasta
3) Nutrition Bar
4) Flavored Yogurt Drink
5) Tea Biscuit
6) Cereals
20
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t he digestion curves of the present invention when nodified wth phosphorus
oxychloride in the range of bound phosphorus cl ai ned. Exanple 4 - Food
Products Containing Starch 10 The starch sanples of Exanple 1 are added to
at levels of 5-40%to replace flour or other carbohydrate ingredients in
six different food products. Al ingredients are |isted as weight % of the
formulation. 1) White Pan Bread 15 2) Senpblina Pasta 3) Nutrition Bar 4)
Fl avored Yogurt Drink 5) Tea Biscuit 6) Cereals 20 16 1) Wite Pan Bread
Patent Flour 55.6 Wite Ganulated Sugar 4.3 5 Shortening 2.8 lodized Salt
1.1 Active Dry Yeast 0.6 Dough Conditioner 35.0 Water 0.6 10 Total 100.0
Preparation: Conbine all ingredients and water in Hobart mxer. Mx on | ow
speed for 2 mnutes. Mx on Medium speed for 14 mnutes. Allow dough to
rest 5 milhWhitePandregde dough to | oaves (51 Og for /s kg Loaves). 15 Allow
dough t o pagstridar M nut es. Modgk | oaves in G i nek Dough-nol der. Proof at 90%
RH, 80C. for m nutes. 2) Senolina Pasta Senolina Flour 74.1
20 vaer VRt Branfibiod 8 T OF £3

Shortening 28
lodized Salt 1.1
Active Dry Yeast 0.6
Dough Conditioner 35.0
Water 0.6

10  Total 100.0
Preparation:

Combine alt 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).

15  Allow dough to rest 5 minutes. Mold loaves in Glimek Dough-molder. Proof at 90% RH, 80°C. Bake
at 210°C for 22 minutes.

2) Semolina Pasta

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

25  Preparation:
Combine alf 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 noodies in boiling water for 5-10 minutes with
stirring. Drain water

17




Dried Egg Wiites 1.5 Dough Conditioner 1.1 Total 100.0 25 Preparation:
Conbi ne all ingredients and water in Hobart/Kitchen Aid m xer. M xon | ow
speed for 10 m nutes. Feed into sheeter to forminto noodles. Cook by

pl aci ng noodles in boiling water for 5-10 minutes with stirring. Drain
water 17 3) Nutrition Bar Protein Powder 33.6 Brown R ce Syrup 21.3 Dry
Cats 10.5 5 Honey 9.0 Nonfat Dry MIk 9.7 Soy Ol 2.8 Peanut Flour 5.3
Appl e Sauce or Raisin Paste 7.8 10 Total 100.0 Preparation: Conbine all dry
i ngredients (except oats) in Hobart mxer. Mx on |ow speed for 5 m nutes,
or until blended. Continue mxing while adding liquid ingredients. Fold in

oats whil ntLnuing to mx at low 15 speed. Form bar into desired shape
by pressisﬁhé‘ﬁ@%% form 4) Flavored Yogurt Drink Whole MIk up to 100.0

Starter EARMUFRdEDani sco's F88mi x NM 1-20) 20 Nonfat Dry M Ik optional
Tot al 10@rdwn R¥e@ytup Prepar akion: Preheat m |k to 65C. Honobgeni ze at 10. 34
megapasc@ryogtpen hold for 2,gknutes at 93C. Cool mx to 25 44C. Inocul ate
with starter culture. Incubate until pH reaches 4.5 then cool to 4.5C
Yogur ® méP™¥e punped to snddth curd.

Nonfat Dry Milk 9.7
Soy Oil 2.8
Peanut Flour 53

Apple Sauce or Raisin Paste 7.8
10  Total 100.0

Preparation:

Combine all dry ingredients (except oats) in Hobart mixer. Mix on low speed for 5 minutes, or until

blended. Continue mixing while adding liquid ingredients. Fold in oats while continuing to mix at low
15  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)
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
25  44°C. Inoculate with starter culture. Incubate until pH reaches 4.5 then cool to 4.5°C. Yogurt may be

pumped to smooth curd.

Juice mix

Water 47.5
30  Strawberry conc. (40-60 brix)  40.0

Fructose 10.0

Pectin 25

Total 100.0
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Juice mx Water 47.5 30 Strawberry conc. (40-60 brix) 40.0 Fructose 10.0
Pectin 2.5 Total 100.0 18 Juice Preparation: Dry blend fructose and
pectin, Add dry m x, water, and strawberry concentrate to a bl ender. Bl ender
until fructose and pectin are dispersed. Cook juice mx in a hot water bath
at ‘80C for 15 mnutes. Cool to 4.5C. 5 Final Product Preparation: Blend
Yogurt and Juice Mx at a ration of 9:1. Co-Honbgeni ze at negapascal s of
17.3/3.5 (two stages). Store finished product at 4.5C 10 5) Tea Biscuit
Wheat Flour 48.0 Wite G anul ated Sugar 20.5 Wey Powder 1.3 Baking
Powder 1.2 15 Salt 0.6 Shortening 9.6 Egg Yolks 2.0 Witer 16.8 Total

100. 0 29ui£rF;argara%ri,on: Conbi ne all dry ingredients and shortening in a
Hobart miXer. “Hf™°6n 1 ow for 5 ninutes. Add egg yolks and water. M x on | ow
for 5 m ROtkiesd fragiasp agst peste ddd ey itrh WalREH ard ftrawiesy geneantragiablgnden Blstdef or  12- 15

m nut es. urtfbfructose and pectin are dispersed. Cook juice mix in a hot water bath at 80°C for 15 minutes.
Cool to 4.5°C.

Final Product Preparation:
Blend Yogurt and Juice Mix at a ration of 9:1. Co-Homogenize at megapascals of 17.3/3.5 (two

stages). Store finished product at 4.5°C

10  5) Tea Biscuit

Wheat Flour 48.0
White Granulated Sugar 20.5
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
a) Extruded breakfast cereal (maize based)
Modified maize starch or flour 40.0%
30  Maize polenta 45.0%
Sugar 10.0%
Salt 2.0%
Malt 3.0%
100.0%
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6) Cereal a) Extruded breakfast cereal (naize based) Modified maize starch
or flour 40.0% 30 Mai ze polenta 45.0% Sugar 10.0% Salt 2.0% Mlt 3.0%
100. 0% 19 b) Extruded breakfast cereal (nultigrain) Modified nmaize starch
or flour 43.0% Rice flour 11.5% QGat flour 11.5%5 Weat flour 20.4% Sugar
9.0% Malt 2.6% Salt 2.0% 100.0% 10 Preparation: The cereals are prepared
usi ng met 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 nositure content less than 3% 15 The foods are digested using

Engl yst di gesti on met hod and gI ucose release is nmonitored over 20, 120 and
240m n. a C s substantially linear over the digestion
tinme. 20b)CE)3\rlu§f§eb ?szasme Nm@ gr%ﬁ edi bl e product conprising a crosslinked

st ar ch wVedifiedinaizg g@eehisoiiayt HHOsphate content of 0.10 to 0.35% wherein said
starch prevides | ess than 25%%f the glucose rel ease at 20

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 mositure 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 substantially linear over the digestion time.
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5 m nutes, between 30-70% at 120 m nutes and greater than 60% at 240

m nutes, and wherein said starch is not a high anylose starch. 2. The
product of claim11, wherein the starch provides |ess than 20% of the gl ucose
rel ease at 20 minutes. 3. The product of claim1, wherein the starch

provi des | ess than 10% of the glucose release at 10 20 m nutes. 4. The
product of claim1, wherein the starch provi des between 40-60% of the

gl ucose release at 120 m nutes. 5. The product of claim1, wherein the
starch provi des between 45-55% of the glucose release at 120 mnutes. 15 6.
The product of claim1l, wherein the starch provides greater 70% of the

gl ucose release at 240 mnutes. 7. The product of claim1l, wherein the
starch pF%OW@Es greater 80% of the glucose release at 240 mnutes. 8. The
product o¥eddiai m 1, wherein the starch provides greater 90% of the glucose

rel ease at 24Q@, e@@e Brodlidt &mhprishg aldi@siRk&Auedn vith aﬁ 'aé’degbaund\bh& Katd aﬂteﬁitﬂr chis

crosslinked u ent selected fromso o nnS0di Um
trlp0|yphOSph§Ig%)§ﬁ%2a B Fﬁghp?ngeﬁth ’%ﬂ{%%988%8fa§? ?gpﬁll

wher ePn t he stminuteh batreerhdei9%da A£G Minitesehd greptpr thirm60°/pat(?d@mtnum apfl wherein

wherein the sgggggmhgﬁmga@naggbggggmﬂ 25 12. The product of claim1, wherein

the starch {' a?heb[fergcn.lctl ciclgr e‘? %vrﬂgreljn t e star(% LPF(%\II%tes e tﬁan4 Q)é’ cc>jf I¥e %tlg_lc &?Q eape Is. 13.

The product Wher'e rel ease
substantlally2Q@méw%rder 14. The product of cla|n11, mhereln t he gl ucose

rel ease rat® ihe srodist @Bkl , Whersia it siiidh ovRIes lebethén 1034 of t2AGldIbeMdle@Se at30 15. A
met hgg of congéghg pg the blood glucose I evel of a mammal conprising
|ngest|ng t he uct of claim1l. 16. A method of providing a regul ated

supply of gt-udbssrrequgt °<iC'ﬁ'HHTd"IherEBﬁ'i?rsitaa“fhrﬂj°"i'dﬁ§€%“f’?%g‘otsﬂé of the glyGese rYFase| ai m 1.

35 21 at 120 minutes.
5. The product of claim 1, wherein the starch provides between 45-55% of the glucose release
at 120 minutes.
15 6. The product of claim 1, wherein the starch provides greater 70% of the glucose release at 240
minutes.
7. The product of claim 1, wherein the starch provides greater 80% of the glucose release at 240
minutes.
8. The product of claim 1, wherein the starch provides greater 90% of the glucose release at 240
20 minutes.
9. The product of claim 1, where the starch is crosslinked using a reagent selected from sodium
trimetaphosphate, sodium tripolyphosphate, and a combination thereof.
10. The product of claim 1, wherein the starch has been dextrinized.
11. The product of claim 1, wherein the starch has been oxidized.
25 12. The product of claim 1, wherein the starch has been is present in an amount of 5-40% dry
weight basis.
13. The product of claim 1, wherein the glucose release from the food is substantially zero order.
14. The product of claim 1, wherein the glucose release rate is substantially constant over the first
240 minutes.
30 15. A method of controlling the blood glucose level of a mammal comprising ingesting the product
of claim 1.
16. A method of providing a regulated supply of glucose to a mammal comprising ingesting the
product of claim 1.
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