STABLE STARCHES FOR CONTRIBUTING DIETARY FIBER TO FOOD COMPOSITIONS
BACKGROUND OF THE INVENTION The present invention relates to the use of a modified starch to
increase the dietary fiber content 5 of food compositions, particularly extruded food compositions, fried
foods, and cultured dairy products. Dietary fiber is an important component of the diet and one in which
many diets aresigfBlegT ARGHESEOR DOKTRIBeniEnDETTRY FBtRIrmagpoansMmressTioNglietary fibers
unpalatable. Resistant starches (RS), which many consumers find more palatable, unfortunately do not
retain their high dietary fiber content under harsh processing conditions, resulting in products with less

dietary fi gﬁj@éﬁ%gﬁgi IM@ﬂWted. Many foods are subjected to harsh processing conditions,
such as homogenization of high moisture food formulations including puddings and yogurts and further

pasteurization atiemrpesatiredo erlnghethdekertng nheiedemperaivceisathbdaforipsotongad period
of time, and/or extrusion of low moisture food products including snacks and breakfast cereals. As harsh

processirt ROt sUaRe HPB RS RIBRBET B L eMTS T RBBIEPES SO i s ey RIS 2 15
major impedimegt{g, i 2JORHAM ANAHSS ALSHERY IREERNLHEALIOGRRFEAIAPLGRMROFIER, In order

to keep the total dietary fiber content high, either alternative sources of fiber have been used, or the
amount abrie sezisunt fstartd dudisidesndanreased naallovndomstcinp rderssfitg o sspaldrioetumatadignt
alternative sources of fiber often do not provide the same health benefits which are recognized for high

fiber resiStaiPetARHe L B hEREYLARMIRS WP BPRIRARR OUTIRTHIAGHOARN B SRR DOYT Briasknt a
need to signifigantly GhaBoRRLACESEGONAARSYENRA'SE BLaish AmAURLS Qfsesisianl siarch can

be deleterious to the organoleptic properties of the food product. Surprisingly, it has now been discovered
thatl Oy usingreexihin amiadbfied. stakties,féoosl aempogktieds wayalsd spifestid tohalisthes, psodessing
conditions while retaining? substantial amounts of dietary fiber. Further, some of these modified starches
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period of time, and/or extrusion of low moisture food products including snacks and breakfast cereals. As
harsh processing is used to produce a number of common food compositions, this has been seen as a
15 major impediment to the adoption and use of dietary fibers in such processed food compositions.

In order to keep the total dietary fiber content high, either alternative sources of fiber have been
used, or the amount of resistant starch has been increased to allow for such processing loss.
Unfortunately, alternative sources of fiber often do not provide the same health benefits which are
recognized for high fiber resistant starches or have a negative effect on final product functional properties

20  or present a need to significantly change processing conditions. Further, use of high amounts of resistant
starch can be deleterious to the organoleptic properties of the food product.

Surprisingly, it has now been discovered that by using certain modified starches, food
compositions may be subjected to harsher processing conditions while retaining substantial amounts of
dietary fiber. Further, some of these modified starches may improve the organoleptic properties of the

25  food composition.



as RS4 to increase the dietary fiber content of processed food compositions. By using certain modified
starches, food compositions may be processed using harsh processing conditions while retaining 5
substantial amounts of the dietary fiber from the RS4. As used herein, the term modified is intended to
mean using methods known in the art including dextrinization selected from the group consisting of
acid/heatsanalikalidrentElextmnizagion, and chemical modification using reagents selected from the
group consisting of propylene oxide/phosphorus oxychloride (PO/ POCI3), propylene oxide/sodium

trimetaphosphatd'¢PEFSTINIS N0 [RA T LKIRI BPS Yl it Mot i ReiApH S5 Hate /88 DR BpBIbRB Sphate
(PO/STMR/ ).-adipi eti [ / [ rted/ le ide (H+ propylene
oxide (PO}, b P e L G R e B O
anhydridet4fsAds Gradutamesitised heyeby, isrdotesete disdgneashnptagelating zethdrdhis perise ddryinaiy
chemical or physical process. Granular starches can be determined using microscopy by the presence of
15 bitefrifiRaRBERERE edssyeiatidiPeblaiz g RGt. Granular starches are also not significantly soluble

in water below their aglatiaizaiandemMpEiALY & NGO HIRL PRI fRuRud RESLASIGHY MG HlRRg that are

no longer granular, such as those that have been treated or processed to be readily soluble in water
(CWS) atibalow-ineirsgetasinizatione tesnp esabistgSo audsteaches e/ beapdoxeszatbto decaraeisnluble
and then are allowed to retrograde so 20 as to form particles (crystallites) that are no longed soluble in
water belBaMfiralog e btz TR BBIrTE Bl darl Rs B P oW YrarfiRxF S usk PREVSHE ey HISER%EUhtended

to mean 9%%@%@&@@%&5\@ ,'b‘r%\&‘wgi?et%%ﬁ}%@&i@rﬂqrir%e%ﬂ@éﬂﬁéﬁéqb’d)%ﬁ%?%@%éﬁ@d%ﬁé%ﬁlﬂ%” of

Analytical Chemists (AOAC) Method 2001.03 (Determination of Total Dietary Fiber in Selected Foods
Containingrieepisispttaidaibodexttindiyp Baspymati® Q5 Bragiteryic ddipit ait etied dniopict€ hraiajogragphy :
Collaborative Study, D.T. Gordon & K. Okuma, J. AOAC, 2002, 85, 435-444). 2 As used herein with
respect t6OBXERRIBFPHRBESKSR (G R EPlRRSHE YRR dAR) 1 R ineee dBAbiitions

having a Sgecific,Mesthianicdl FRSro GMRLA}dRastdA0 Whikg and a

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
15 birefringence (Maltese cross) under polarized light. Granular starches are also not significantly
soluble in water below their gelatinization temperature.

Non-granular starches, as used herein, are those that are no longer granular, such as those that
have been treated or processed to be readily soluble in water (CWS) at below their gelatinization
temperature. Some starches can be processed to become soluble and then are allowed to retrograde so

20  as to form particles (crystallites) that are no longed soluble in water below their gelatinization point, but
are also non-granular.

As used herein, dietary fiber is intended to mean both soluble and insoluble dietary fiber and is
quantitatively measured by the Association of Analytical Chemists (AOAC) Method 2001.03
(Determination of Total Dietary Fiber in Selected Foods Containing Resistant Maltodextrin by Enzymatic-

25  Gravimetric Method and Liquid Chromatography: Collaborative Study, D.T. Gordon & K. Okuma, J.

AOAC, 2002, 85, 435-444).



Product Temperature (PT) of at least 160C. "Harsh processing conditions", as used herein, is intended to
mean high temperature and/or high 5 pressure and/or high shear processing and to include without
limitation extrusion, homogenization, pasteurization, ultra-high temperature (UHT) packaging, frying, and
canning (retorting) and in one embodiment is intended to mean a temperature of greater than 100C

and/or pressuresgresdehthan ditratsapsfhe exttdfdn32mkBaje IOsBUeAloEd3 NG SEARIBIION tndEH E
INVENTION The present invention relates to the use of a modified starch to increase the dietary fiber

content &F piRée foodiiin Pt asSesriliciMyCeriam risemds Sirehas [988d!8BriBYsdidis #nay be
processeﬁ&@ﬂgrg%%pagfrgggﬁm%tqgggqiﬂﬁp& while retaining substantial dietary fiber. Further, such
e thou

modified starches provi letary fiber wi t the negative effects on textural or organoleptic properties
15 of the food preshdatsrycbisihgeeiyipiealyaassecindéeshwimtheled ditiosn o hotheigietaneitersoiuices.
Starch, as used herein, is intended to include all starches, flours, grits and other starch containing
mateYialPRSAYE ARSI t0ISBrEheaiprOREGIfve 8"shiP SBElHCO IR bR X iRt e NARYISP FHIMh may be

suiable for e hatein, AALNE SIRLENAS YSRhNELBINyR0N6AS ILIHTAUNID PalbiR, PR sytahle are

starches derived from a plant obtained by standard bréeding techniques incfuding crossbreeding, 20
translocagiabodmvetsiomiéralesiarnmatiora asraywey anile bingethied tohigene-Oratironessne grgiaewteng to
include variations thereof which are typically referred to as genetically modified organisms (GMO). In
addition, ¥fBPEPNaETNEY 33 F2)plant grown from artificial mutations and variations of the above generic
composition, which may be produced by known standard methods of mutation breeding, are also suitable
herein. 25 Typical sources for the starches are cereals, tubers, roots, legumes and fruits. The native
sourQe CaETAY EOrDEBGRIR)| Q¢ &FOUIALON \$eiTeDNotato, banana, barley, wheat, rice, oat, sago, amaranth,
tapioca (cassava), arrowroot, canna, and sorghum as well as waxy or high amylose varieties thereof. As

used herein, the2RESSPLKYCHONSHRLERH{AER YRS MitBeRoied RRIRIHE LLehO ARSI than
about 3 10%,RAUIGUIBEY BGTPXRRAN BPOE Y 4.dMast RadHeH Aty RN RIS, thBm ARAhE HaaYoweight

amylose.
processed using harsh processing conditions while retaining substantial dietary fiber. Further, such
modified starches provide dietary fiber without the negative effects on textural or organoleptic properties
15 of the food products which are typically associated with the addition of other dietary fiber sources.

Starch, as used herein, is intended to include all starches, flours, grits and other starch containing
materials derived from tubers, grain, legumes and seeds or any other native source, any of which may be
suitable for use herein. A native starch as used herein, is one as it is found in nature. Also suitable are
starches derived from a plant obtained by standard breeding techniques including crossbreeding,

20  translocation, inversion, transformation or any other method of gene or chromosome engineering to
include variations thereof which are typically referred to as genetically modified organisms (GMO). In
addition, starch derived from a plant grown from artificial mutations and variations of the above generic
composition, which may be produced by known standard methods of mutation breeding, are also suitable
herein.

25 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, amaranth, tapioca
(cassava), arrowroot, canna, and sorghum as well as waxy or high amylose varieties thereof. As used

herein, the term “waxy” or “low amylose” is intended to include a starch containing no more than about



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 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
5 sources, including those which are natural, genetically altered or obtained from hybrid breeding. In one
embodime, feisiaichns adigihanynssstiarcst ghecskarchombisthavenionas o disedtusnypdaethods
known in the art including dextrinization selected from the group consisting of acid/heat and alkali/heat

dextrinizAShUaPRIS ERSRAdBI B GAINTCUSICNEEE dhiBUKlR G EHRD AP Bl B ESh 3R 6
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(PO/STMP), propylene oxide/sodium trimetap o}épﬁé%%%s%%@%%%b%@%ﬁ@éi%%%%Porﬁsﬁ%?ﬂﬂg%'ﬁlggP),

adipic acetioaidayalitidie r6tHAR) aheidrcaenvarialiépsopytaniesexisies{tt aiB @ nfereleylenacaxicel(st&)¢h acetic

anhydride (AA), butyric anhydride (BA), and propionic anhydride (PA), and succinic anhydride (SA). In
one emb&RHFFEHNAHEIBEIRIPHMMHE arR/BRIGH iReRsyertle @'1955H P aehip e At PEXIYRTFRBER AL/ O ER2mical

modificaté%&ﬁm&{qﬂggﬁghsglgm&g%@g&tgp&group consisting of propylene oxide/phosphorus
oxychloride (PO/ POCI3), adipic acetic "anhydride (Ad/Ac), acid converted/propylene oxide (H+/PO),

propylene oxideT(rRQjaracefichaninyeltide (AApditdyrtaniyolside(Bywy),iame o picndngrdexdmiat@A), and
succinic anhydride (SA). In another embodiment, the starch of this invention is modified using propylene

oxide. SUREHPFHOIRERHEEMRCOTISINY ] s/ APehRer kAR Rt RS ARBIe i RIERHBA I s
Properties.agd Lgen b Nuebb0, 0GR BiRasninG ElgriA98R)The Amount of nadifieagion may

be varied to get the desired properties while retaining substantial dietary fiber. Starches may be modified
witH @theP@&3g)entpiiapimapact tedderkaldion funicticaal Hoepperties (BHST RN therddylenenhancersetitml he
starches of this invention may be gelatinized before or after modification by using techniques known in

the art. SUBRBERMGEIESHEITuE BREBERIA €S MEARTAR)in BYSICP2ARif RIEYIUI68)705). 35
5,037,928, Rl Ry BBy IBRY idd BHL A \PGh e GRRPIEX KikuicRIRIUHIO AN SRR QhiErge aiyized

Starch”, Starch: Chemistry and Technology, Vol. lll- Industrial Aspects, R.L. Whistler and E.F. Paschall,
Editors, AcddeopioriRrestydices (PAjk 486 gucEmizsardlyididnt ikSige art umel ersbanicheritichenstatificatidis should
preferably be done in the granular or non-granular (gelatinized) state. = ,
invention is modified using acid/heat dextrinization and/or chemical modification using reagents selected
15 from the group consisting of propylene oxide/phosphorus oxychloride (PO/ POCI3), adipic acetic
anhydride (Ad/Ac), acid converted/propylene oxide (H+/PO), propylene oxide (PO), acetic anhydride (AA),
butyric anhydride (BA), and propionic anhydride (PA), and succinic anhydride (SA). In another

embodiment, the starch of this invention is modified using propylene oxide. Such modifications are

known in the art and are described for example in Modified Starches: Properties and Uses, Ed. Wurzburg,

20  CRC Press, Inc., Florida (1986). The amount of modification may be varied to get the desired properties
while retaining substantial dietary fiber. Starches may be modified with other reagents to impact textural
or functional properties other than the TDF enhancement.

The starches of this invention may be gelatinized before or after modification by using techniques
known in the art. Such techniques include those disclosed for example in U.S. Patent Nos. 4,465,702,

25 5,037,929, 5,131,953, and 5,149,799. Also see, Chapter XXII- "Production and Use of Pregelatinized
Starch", Starch: Chemistry and Technology, Vol. lll- Industrial Aspects, R.L. Whistler and E.F. Paschall,
Editors, Academic Press, New York 1967. Those skilled in the art understand which modifications should

preferably be done in the granular or non-granular (gelatinized) state.



4 The starch may be purified by any method known in the art to remove starch off flavors, colors, or other
undesirable components that are native to the starch or created during processing or to sanitize microbial
contamination to ensure food safety. Suitable purification processes for treating starches are disclosed in
the family of patents represented by EP 554 818 (Kasica et al.). Alkali washing techniques 5 are also
useful and descriestdrtiheafassipncicaaipaity representad bytid. St ¥, od8ti{ricieaand, @Id8( 0272
(Bertalan et al.). The starch may be purified by enzymatic removal of proteins. Reaction impurities and
by-produgiRehrid e delmer/Baons thRdiAid FiRAaBAC dehERFGaRioH I o PREsRE KribwRifFthe art for

solating g, OneSURIARSIAdes s estlipLsialsh s el adiusteq. 9, hg deslieg ) gecording

to its inten use. In 10 general, the pH Is adjustedto 3.0 to about 6.0. In one € ment, the pH
is adjustetbt@sed itotied tumilyldb pHtsintg iQabagieeoKERBTABtDeRatichhe starohkaiaybeingeavelqdaising
methods known in the art, particularly by filtration or by drying, including spray drying, freeze drying, flash
dryint or AR ETH tH A HRATe e SRR PhAFTHESSBEF R IR( IS EadS) roTRReDs2TRe

resultantstarchyis addgd 1.0y foprmUAHaN igr IR RTRFERSINGIY ANNAM LIRSS e ROL flfective to

provide the desired dietary fiber content. The amount of dietary fiber added and used in any given food
formulationpmigiysbendaigpaideds tenaygre at extedtdyy diag ssn oitratidhat@arf ke ttolesatad foorer anétinational
standpoint. In other words, the amount of starch used generally may be up to what is acceptable in

organoleM@”@J&Fﬂ%ﬁ&ﬁ%ﬁﬂ%tif@cﬁﬂ‘?:ﬁ?ﬁﬁﬂgfﬁw6?36%{}??)e physiologically tolerated by the 20 consumer. In
one embodiment, the stareh af dhis ﬂW@dﬁQ%{lﬁtﬂﬁ%’ A% AR ANCUNLOLIrany PR 8%y (2B fn another

embodiment from about 15 to 25% by weight of the food formulation. In one embodiment, the resultant
starch is gerestitutedofb issddpagidpars. oftthadfiies.of theonecswientionat, toenptilétiadiusreanotheteabbadiment,
the resultant starch is substituted for at least part of the starch of the conventional formulation. The starch
may be gttt IHERSHRRIERYA IR $5%28ame 25 manner as any other starch, and in one embodiment is

added by mixingfpesirrch Airecthsdniarthe, Japmmlatan RRgD ANAENS! PYARGIE bindbsimg 2
solution or dispersion.
drying, including spray drying, freeze drying, flash drying or air drying. In the alternative, the starch may

be used in the liquid (aqueous) form.

15 The resultant starch is added to any food formulation prior to processing in any amount desired or
effective to provide the desired dietary fiber content. The amount of dietary fiber added and used in any
given food formulation may be determined to a great extent by the amount that can be tolerated from a
functional standpoint. In other words, the amount of starch used generally may be up to what is
acceptable in organoleptic evaluation of the food composition or can be physiologically tolerated by the

20  consumer. In one embodiment, the starch of this invention is used in an amount of from about 1 to 50%,
and in another embodiment from about 15 to 25% by weight of the food formulation.

In one embodiment, the resultant starch is substituted for at least part of the fiber of the
conventional formulation. In another embodiment, the resultant starch is substituted for at least part of
the starch of the conventional formulation. The starch may be added to the formulation in the same

25 manner as any other starch, and in one embodiment is added by mixing the starch directly into the
formulation and in another by adding it in the form of a solution or dispersion.

The formulation is then subject to harsh processing known in the art to produce a food product.

Such processing includes, without limitation, extrusion, homogenization, pasteurization, ultra-high



The formulation is then subject to harsh processing known in the art to produce a food product. Such
processing includes, without limitation, extrusion, homogenization, pasteurization, ultra-high 5
temperature (UHT) packaging, frying, and canning. These processes may be conducted using any
suitable equipment known in the art. In one embodiment, the food formulation is exposed to a
temperatiefepefguirateHthapadiR g ridiag paesseatigte ateiddaprdcaisre sphe e (26 3sakikag Bxtrusion of
the food formulation may be conducted using any suitable equipment and medium to 5 severe process
parametétéidiD\FAURTSE affodhde Harile niivtier BMEBHBMALIBRS 8PP rEERYSIHRIANSEREPE it e.g.,

product MG, SSFSMLESIAD 00 ERa e it SAYSLIET ARIBE A desigRy formula and

length/diameter ratios, Specific Mec Energy (SME) and uct Temperature (PT) have
been used in theatisiordgsos e dherpretiessipgiateteusss dewgairhsugxirestipmiéhoaiel ersdadiraent, the
food formulation is exposed to an SME of at least 130 Wh/kg and a PT of at least 10 160C, and in another
embodinfSNE® BIRSSRAEPBIAAqesS ARt ' 60 WAk g 2Rtk s2PFTeR AUBERT 2DGembaliersitr RATEStiment,

the food farmulation js exPeser i@ oMEolnR oreater thap $Q0and.a RI. obao. dsaisnian g20°C.

Upon exposure to harsh processing conditions, the resultant food composition retains a total dietary fiber
content afeatgeagirfiOlko anvdwpadttidapretdprocassetbelryShierid folrhdaitian Fireqye @Mbodhuebiodistat least
80%, in another at least 85%, and in yet another at least 95%(w/w) of the pre-processed dry blend

formulatiGRMPHEHER BHIASR0RRRSSERF 0B AT A FOSRRGTREINa RS 5% AR BRI R R3S Ring, but
not limiteg} (1 cookias, iSGS,A9RALRRAACKS, AR HHAMPEPINEIR: ¢ RHAFINGS, ¥PgUIS.(Ryltured

and pasteurized), ice cream and sour cream, retorted products, e.g., gravies, sauces and condiments,
frozZéh andoedriget dieddbedsnbodipena Sosid Enikase grictessee0amsgiamaats! &.ga20an&einroll, as
well as animal food products and any other extruded or harshly processed products in which a higher

fiber con?éﬁfﬁ%%?&*?P@'H‘.‘%rfﬁ"eF??Hé"@?t’r‘aﬂ‘?é}ji%S?‘HB%ﬂtFBﬁr% bribity 48 el e SRt A Riag Rave

improvedgrggg@ﬂgﬁ@%o@roperties in that the bulk density is the same or may be decreased compared to
the same composition made in the same way without a modified starch. Thus, the food composition may
have a Upon exposure to harsh processing conditions, the resultant food composition retains a total

dietary fiber content of at least 70% (w/w) of the pre-processed dry blend formulation, in one embodiment

15 at least 80%, in another at least 85%, and in yet another at least 95%(w/w) of the pre-processed dry
blend formulation. The resultant processed food compositions include a variety of food products
including, but not limited to, cookies, biscuits, cereals, snacks, pasta, diary products, e.g. puddings,
yogurts (cultured and pasteurized), ice cream and sour cream, retorted products, e.g., gravies, sauces
and condiments, frozen and refrigerated foods, soups and soup mixes, processed emulsion meats, e.g.,

20  turkey roll, as well as animal food products and any other extruded or harshly processed products in
which a higher fiber content is desired.

Further, the extruded composition comprising the modified starch may have improved
organoleptic properties in that the bulk density is the same or may be decreased compared to the same
composition made in the same way without a modified starch. Thus, the food composition may have a

25 lighter, airier texture compared to food compositions high in other types of fiber. Alternatively stated, the
starch may provide both a higher TDF value and functional benefits to the food item being created. In

one embodiment, the bulk density of the composition comprising the modified starch is no greater than



25 lighter, airier texture compared to food compositions high in other types of fiber. Alternatively stated,
the starch may provide both a higher TDF value and functional benefits to the food item being created. In
one embodiment, the bulk density of the composition comprising the modified starch is no greater than 6
that without the modified starch and in another embodiment, the bulk density of the composition
comprisimgatheitrvodifird mtard isatdeasid i lestthasnibadimeiotidheimediiag stated. dsnpasition
embodiment in which the starch is stabilized with propylene oxide, the resultant starch easily cooks out at

a temp_er‘éﬁﬁ\@ig@ﬁﬁ&&%W%@&KmMﬁ?ﬁeﬂﬂ%ﬁtB@FdWE@éP&tﬁﬂeiﬁ“%fi%fF?é?hS below 65C. In some
embodiments, tﬁheo%tg@nb%agxew%mﬁwr}h@ 413%#H@SE%ﬁEgasg%'yoga85§§g§?,am% b&wﬁaagag%ed.

freeze-thaw stability and or be used as a fat mimetic to take advantage o ubrication characteristics,
providingetsiigeoriootihte el . tdhperasdtaghiaadtyarapasitiorcmiayaba Hor rubatad o, acbievestiendesired
total dietary fiber 10 content. In one embodiment, the composition is formulated to increase the total
dietasry filb&P I Ent by from 2 to 50%, in another embodiment 2 to 35%, in still another embodiment

3-15%, and in Y&t ARQIGH SARALMRLRY RN S5, L0%HBY Welaht FRONAES I ABE SHMEGamROsition

processed under the same conditions without the modified starch. In yet another embodiment, the
compositiaprisdorirelatechs uahbithatitdeotobal diediasy fbiar eontaintiofithe aovapagiion asatueastia%o (w/w)
greater, in another at least 10% 15 (w/w) greater, in a further embodiment at least 15% (w/w) greater, in

still anotlhl’@?réfﬁ%’éfgf’%fi%"(wmy"fj’r‘é%"t‘é‘?‘ﬂga 6'1’r_1_yet another at least 50% (w/w) greater, than the same
composition progessed, pnder He SHTGERNENRS WAL rQquéf\@dﬂ?éa&QQre-Eh@t@%‘?e&Q?‘ﬁ)&?'“On will

additionally contain at least one other ingestiblé ingredient. Such ingredients include those typically used
in fd6ds, devertade e dnplvaimntettiti cals @atidn dfdesulaie o 2@réhee compasdiens fited eansingdhe
modified starches of this invention may be fed to (ingested by) any animal, in one embodiment to

mammal¥¥hd 1A ANGtHRARHNSHAIMREATE haiatr =St ch! BsHRSimeal OB o thaetth of the
animal infhe Sarme: 8) HishandnaRNE] asigiPEsFRaR RMPOSHIRnSo NSRS IRI i i@refikey angkor

resistant starch, including without limitation by attenuating the glycemic
conditions without the modified starch. In yet another embodiment, the composition is formulated such
that the total dietary fiber content of the composition is at least 2% (w/w) greater, in another at least 10%

15 (w/w) greater, in a further embodiment at least 15% (w/w) greater, in still another at least 35% (w/w)
greater, and in yet another at least 50% (w/w) greater, than the same composition processed under the
same conditions without the modified starch.

The food composition will additionally contain at least one other ingestible ingredient. Such
ingredients include those typically used in foods, beverages and pharmaceuticals and includes water.

20 The compositions made using the modified starches of this invention may be fed to (ingested by)
any animal, in one embodiment to mammals and in another embodiment to humans. Such compositions
may contribute to the health of the animal in the same or similar manner as other food compositions
which contain dietary fiber and or resistant starch, including without limitation by attenuating the glycemic
and insulinemic response, reducing plasma triglycerides and cholesterol, increasing short chain fatty

25 acids, acting as a prebiotic to increase the proliferation and/or activity of probiotic bacteria such as
lactobacillus and bifidobacteria, increasing satiety, and increasing micronutrient absorption such as

calcium.



and insulinemic response, reducing plasma triglycerides and cholesterol, increasing short chain fatty 25
acids, acting as a prebiotic to increase the proliferation and/or activity of probiotic bacteria such as
lactobacillus and bifidobacteria, increasing satiety, and increasing micronutrient absorption such as
calcium. 7 Additional embodiments: The following embodiments are presented to further illustrate and
explain theipreserhiby@miar: and should not be taken as limiting in any regard. 1. A method of
maintaining a high total dietary fiber content comprising: 5 processing under harsh conditions a food

formulation compt f?l_'b?‘&iriﬂ(?(Enﬁé%i’%?&F}%ﬁ@é?meﬁd?nf“fﬁlﬁrd%ﬁfﬁt%ﬁ%‘?sﬁ%aﬁftﬁ&i&?ﬁ%‘f anangen o
alkalllhe%g%ﬁg%r%%gggt%gg/glmﬁiqg r%rgl]g% fication using reagents selected from the group consisting

of propylene oxide/phosphorus oxyc / POCI3), propylene oxide/sodium trimetaphosphate
(PO/STMP), propyiehedaticieisachivgathigretagsplydte/sadiem topphgriyosphate (PO/STMP/STPP),
adipic acetic anhydride (Ad/Ac), acid 10 converted/propylene oxide (H+/PO), propylene oxide (PO),
acetit anhydrid @082 BLWHE" AAMRIREeBRg, feritf PraprypmCamryinea [rPaAfied st ricAetisitied (SA) and

mixtures thefeof, SeSHNNg IR, PIQGARSFSh DAL RAMRASHIPmEaTfE MG SMROMINEDH hshirerein the

processing is extrusion under medium to severe conditions. 15 3. The method of embodiment I or 2,
wherein the siagehtd s ¢leotiidi@dnbyhagidpamhdeiit nizatipylecan diide phespicalsnedificatio nPasiRgCEagents
selected from the group consisting of propylene oxide/phosphorus oxychloride (PO/ POCI3), adipic acetic

anhydride (AUPRYESF"SQHIEPRIeRAUNSIBRIAERRA S PLMIPBIOPIBRS RIS PO), acetic anhydride
(AA), bmy”%rﬂ&é{ﬂﬁ&%h&%boﬂmtﬁﬁ%m&%@(gﬁ%@@r@ﬁ)‘? SHSGEUERAUGIRR (RfMcf Oy The

method of embodiment 3, wherein the starch is modified using propylene oxide. 5. The method of
embbOdimentcdnwhedeintherstarae i wed)fieddylcacitkbe éR dp xtrétizaitodriGe ¢, meyhodnbf@idoodiment
1, wherein the food formulation is subjected to processing at conditions
(BA), and propionic anhydride (PA), succinic anhydride (SA) and mixtures thereof,
resulting in a processed food composition.
2. The method of embodiment 1, wherein the processing is extrusion under medium to severe
conditions.

15 3. The method of embodiment 1 or 2, wherein the starch is modified by acid/heat dextrinization and/or
chemical modification using reagents selected from the group consisting of propylene
oxide/phosphorus oxychloride (PO/ POCI3), adipic acetic anhydride (Ad/Ac), acid
converted/propylene oxide (H+/PQ), propylene oxide (PO), acetic anhydride (AA), butyric anhydride
(BA), and propionic anhydride (PA), and succinic anhydride (SA).

20 4. The method of embodiment 3, wherein the starch is modified using propylene oxide.

5. The method of embodiment 3, wherein the starch is modified by acid/heat dextrinization.

6. The method of embodiment 1, wherein the food formulation is subjected to processing at conditions
of a temperature of greater than about 100°C and/or a pressure greater than about 1 atmosphere
(101.325 kPa).

25 7. The method of embodiment 6, wherein the food formulation is processed by a process selected from
the group consisting of homogenization, pasteurization, ultra-high temperature (UHT) packaging, and

retorting.



of a temperature of greater than about 100C and/or a pressure greater than about 1 atmosphere
(101.325 kPa). 25 7. The method of embodiment 6, wherein the food formulation is processed by a
process selected from the group consisting of homogenization, pasteurization, ultra-high temperature
(UHT) packaging, and retorting. 8 8. The method of embodiment 2, wherein the food formulation is

extrudedsat ansShaibaf atdeastihant YMatkeeanceaddd fohalideasislba@tad. af he smEkod: afaembodiment 8,
wherein the food formulation is extruded at an SME of at least 160 Wh/kg and a PT of at least 190C. 5
10. The metMBU8reRADHBAHIPHEHEASHIS Wherein the processed food composition retains at least 70%

(wiw) of the (*)Pég'BE?HQ&%?S%%%&rﬂ%‘%@iﬂﬂ%ﬁé@%&c}d & O#E}ﬁg‘u‘%de%%%b&‘ﬁmé (})Pat"}’él\‘%[ gty the

processed f composition retains at (wiw pre-processed food formulation. 12. The
method of enviaedianant ATl pidneesint doegprocessed food composition retains at least 95% (w/w) of 10 the
pre-processed food formulation. 13. The method of embodiment 2, wherein the extruded food

compositién Hesmeharkobenergmengledrviesindhedxatrissrioos (PrpYinidatalithaieare Modified starch.
14. The metm/ql)ogf% Pedm@méés%%%ﬁ%m%wded food composition has a bulk density at least 5%

less than an extruded lPood composition without the modified starch. 15 15. The method of embodiment 1
or 2, whereiTiibenptiagessacbtaoocaompesdien thapadedsddliedayoiiipesitioo néemtOdtfiaist 2500 GO ¢iv/w)
greater than a processed food composition without the modified starch. 16. The method of embodiment
15, wherein PRAFREESSEHN0T LomESfon has a total dietary fiber content of from 2 to 35% (w/w)

greater than g, pipagsseriposkaamensling ithowdbe.madiled A0csiase s Thenediedal o

embodiment 16, wherein the processed food composition has a total dietary fiber
10 the pre-processed food formulation.

13. The method of embodiment 2, wherein the extruded food composition has a bulk density no greater
than an extruded food composition without the modified starch.

14. The method of embodiment 13, wherein the extruded food composition has a bulk density at least 5%
less than an extruded food composition without the modified starch.

15 15. The method of embodiment 1 or 2, wherein the processed food composition has a total dietary fiber
content of from 2 to 50% (w/w) greater than a processed food composition without the modified
starch.

16. The method of embodiment 15, wherein the processed food composition has a total dietary fiber
content of from 2 to 35% (w/w) greater than a processed food composition without the modified

20 starch.

17. The method of embodiment 16, wherein the processed food composition has a total dietary fiber
content of from 3 to 15% (w/w) greater than a processed food composition without the modified
starch.

18. The method of embodiment 16, wherein the processed food composition has a total dietary fiber

25 content of from 3 to 10% (w/w) greater than a processed food composition without the modified

starch.

EXAMPLES



content of from 3 to 15% (w/w) greater than a processed food composition without the modified starch.
18. The method of embodiment 16, wherein the processed food composition has a total dietary fiber 25
content of from 3 to 10% (w/w) greater than a processed food composition without the modified starch.
EXAMPLES 9 The following examples are presented to further illustrate and explain the present invention
and should not e takemraseitamipng wrapissegaddo Allperarsistiesed akelan doveigativeighidasia. The
following test procedures are used throughout the examples Dietary Fiber - Dietary Fiber is quantitatively
measure8BY et REIBGAFSADFRHAIFHL 9K rfil SpEras TIA CHEE RMeBOWSIIY V&g I9&fermination of Total
Dietary Fiber in Sel db

Liquid Chromat(%%fpi%%ﬂr&?q?
(2002)). The folDetarg @b@dumsta;eﬂtm@bthwwgmutythemmpl,e&@abdmdr)ﬁanmie@e@&:&mmples of
Modifications No. Starch Chemical 1 Chemical 2 Physical Type Level (%) Type Level (%) 1 Waxy Corn

Na na naMaAtd Meiegdgaebis BRsmIRateile’ P BErN0fiRes ) Speasi ARy Sty BREsaRIde 7
POCI3 OM&I%&HW% ’]Qat‘é ERIAeaNYERLANG Er'as% CARiRGREIER P IRbELDY 181G, GRa Oxide

6 Tapioca H2S04 3

ropy ene 5.6 Dispersion & Oxid

rgc%ra[ﬁgyg ISSee%%%H r%lg}) Rgg%ép@e(@/ _Enzymatic-Gravimetric Method and

orative Stu né&kK uma, J. AOAC, Vol. 85, pp. 435-444

pray Drying

Gordon & K. Okuma, J. AOAC, Vol. 85, pp. 435-444 (2002))

The following products are used throughout the examples (Table 1)—

Sample Base Examples of Modifications
No. Starch
Chemical 1 Chemical 2 Physical
Type Level (%) Type Level (%)
1 Waxy Corn Na na na na na
2 Waxy Corn  Propylene Oxide 7" POCI3 0.0137 na
3 Waxy Corn  Propylene Oxide 7" POCI, 0.013%  Drum Drying
4 Tapioca Na na na na na
5 Tapioca H,SO, 37 Propylene 56" na
Oxide
6 Tapioca H,SO, 37 Propylene 56" Dispersion &
Oxide Spray Drying
7 Tapioca Canary Dextrin ~ 95% na na na
solubility
8 Tapioca Solution Stable ~90% na na na
Dextrin solubility
9 Dent Corn Na na na na na
10 Dent Corn STMP/STPP 0.397 na na na
11 Hylon VII Na na na na na
12 Hylon VII STMP/STPP 0.35° na na na
13 Hylon VII Propylene Oxide 10" na na na
14 Hylon VII Acety! 725" na na na
15 Waxy Corn  Propylene Oxide 6" HsPO, 12 Coupled Jet-
Cooking &
Spray Drying
16 Waxy Corn H,SO, 29 na na Coupled Jet-
Cooking &
Spray Drying
17 Waxy Corn  Propylene Oxide 56" H,SO, 27 Coupled Jet-
Cooking &

Spray Drying

1) bound PO or acetyl

10 2) treatment level

3)

bound P

The following drying methodologies were used throughout the examples —
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7 Tapioca Canary Dextrin -95% na na na solubility 8 Tapioca Solution Stable -90% na na na Dextrin
solubility 9 Dent Corn Na na na na na 10 Dent Corn STMP/STPP 0.39 na na na 11 Hylon VII Na na na
na na 12 Hylon VII STMP/STPP 0.353) na na na 13 Hylon VIl Propylene Oxide 10 na na na 14 Hylon
VII Acetyl 7.25 na na na 15 Waxy Corn Propylene Oxide 6 H3PO4 1 q Coupled Jet- Cooking & Spray

Drying 16 WaxySpesnon2s04g&) dgimawas e lednded-oo eokingsirap mgyriviing thd Wiaxyo ey mmRsopylene
Oxide 5.6 H2S0O4 2 2 Coupled Jet- Cooking & Spray Drying 1) bound PO or acetyl 10 2) treatment level
3) boundSfreh&35IRMUIRE BiryMeCret Bl sRYIERS WaiRs By ah iBiRWSEY HedNdRthHIBe torgIS Ay Srying -

Spray drylag waspetigimes Pp:a '\W%;?RB%@?W@ Wi \ﬁag"’é%w& iﬂ%ﬁ%‘&cﬁﬂ?ﬂ StafEn.1yas fipgpded at
20-30% {W/W) solids in water and was introduced dﬁlrectly Into the nozzle with the feeda rate of 3000-35000
psi. In thslnezalgidtheshping veas Lapiing theCartact siatinsieasu@t ba-88Bnsessure in the nozzle were
5 manipulated to accomplish desired degree of starch gelatinization.
Drum Drying - Starch was slurried at 35-40% solids and fed between rotating rollers. The rollers
were rotating at 6-10 rpm and were heated by steam at 110-160psig to 110-140°C. Sheet of the cooked
starch was removed from the drum by a blade, ground and sieved to form final starch powder.
Coupled jet-cooking and spray-drying was performed as described in the patent US 5,131,953.
10  The process was performed at 20-30% solids and low steam pressure. The starch slurry was subjected

to 80-90°C cooking temperature. The steam pressures to the cooking chamber and line pressure to the

spray drier were at 100 psi.

Example 1 — Preparation of Chemically Modified Starches

15 a) Propylene oxide (PO) modified - 4 g of solid sodium hydroxide are dissolved into 750 g of tap
water at 23°C and mixed until completely dissolved. 50 g of sodium sulfate is then added to the water
and mixed until dissolved. The starch is then added quickly to the stirring aqueous mixture and mixed
until uniform. Various levels of propylene oxide are added to the starch slurry and mixed for 1 to 2
minutes. The slurry is then transferred into a 2L plastic bottle and sealed. The bottle and contents are

20  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 filtration and the starch cake is washed with water (3 x 250 ml), spread out on the bench top
and allowed to air dry.

25 b) Propylene oxide/phosphorus oxychloride (PO/POCI3) modified — Starch was added into 25%
sodium sulfate solution to achieve 40% (w/w) slurry. The temperature of the slurry was increased to
40°C, pH was adjusted to 11-11.5, and chemical modification reagent was added, typically 8-15%

propylene oxide. The reaction was carried for 18hours. Subsequently, the slurry was allowed to cool to

11



Slurry solids, pumping rate, length of the nozzle, steam pressure, and back pressure in the nozzle were 5
manipulated to accomplish desired degree of starch gelatinization. Drum Drying - Starch was slurried at
35-40% solids and fed between rotating rollers. The rollers were rotating at 6-10 rpm and were heated by
steam at 110-160psig to 110-140C. Sheet of the cooked starch was removed from the drum by a blade,

ground andraieareskiaday antinpbsdpnate peveder o CoubgRkijeleagkin vanddaapsayysitgng 0\ perdammed as
described in the patent US 5,131,953. 10 The process was performed at 20-30% solids and low steam

pressurePIsesYser SifigavdS S (R7eite 4 2foa0iTber 98I tepApETaRGraluTh &8 feRlinsfeddutsd to the
cooking r I} ressu y drier a i .- Preparation of
Chemicaﬁﬁ/ﬁ@(?(%f@gﬁdé%%%ﬁe%ﬁﬁ @é&}%?@&ﬁgjﬁg?ég (%Yo S%Oj?ﬁgg% % %r%a(ﬁnéﬁ%%%gdium hydroxide are
dissolvectjnto 7ACegcairiairineaten ahddiednd mixed 300tdraopletalyrdissoitedd blaDpretbwenkelfate is
then added to the water and mixed until dissolved. The starch is then added quickly to the stirring

aquéogs EHEshi ﬁ'ﬁQéﬂ' @HtW"i‘}ﬁ'ifofrrhf? Wﬁﬂ&?év%?é@ﬂ@@l@ﬁé’b@(ﬁf@%ﬁé"&do%@ R teearch slurry
and mixed, 1o, & 10 2 OISR Tl S48, 1S HER HANSIRERIIALS B -RIgsHS B%@@e%ﬂe%egé??oime bottle

and contents are 20 then placed into a preheated mixing cabinet set to 40C and agitated for 18 hours.
After the Teagiitbtoigratiempdetsstthiessiuing ivadiusiediictptiid wiiH dilateaulfaricasighging filveiel allawved to
mix for 30 minutes. The pH is then adjusted to between 5.5 and 6.0 with dilute sodium hydroxide

solution. FEVEEAIER I AERBYSISIDY APAEP A A6 'GterbrPEiice’Y FassraRitPRtER 8% DBBUnI),
spread OWhRNRGRSIANIAR R8BS AMBOS AN - KRDhic"ARMIBRS A IGRYGRRAILLS oxyeRianEle

(PO/POC13) modified - Starch was added into 25% sodium sulfate solution to achieve 40% (w/w) slurry.
Thd fempeseatiomevas thileveddrity avashirecteaseabittitiod@is, piiureasabplilisTed tud{ vids eanittahemicagh
modification reagent was added, typically 8-15% propylene oxide. The reaction was carried for 18hours.

SubsequéfiMtRe SIRARF\FAS WASHFEAME dooPe8 Mt G dkih pBR ARy EMHCASH D P tE dmBL AR P
crosslinkjag, tea9e£y. Wasafded, ricaly+0 LR OsL%:, Bhgshorus oxychloride. The reaction was
d d

carried for 30min at room temperature, then pH was adjuste
a) Preparation of Canary Dextrin (Sample 7) — An oil-jacketed, ribbon-type blender (a traditional

dextrinizer) was charged with 100 parts of tapioca starch having a moisture content between 4 to 6% and
15 a pH of 4.5 in a 40% solids slurry. A 1N hydrochloric acid solution was spray atomized onto the agitated
starch bed until a pH of 3.2 in a 40% solids slurry was obtained. The oil jacket is heated to obtain a starch
bed temperature of 185° C. in 2 to 4 hours. The maximum starch temperature was held constant for an
additional 6 hours to produce a canary dextrin.
e) Preparation of Solution Stable Dextrin (Sample 8) — A fluid bed reactor was charged with 100
20  parts of tapioca starch having a moisture content of 7.4% and a pH of 4.5 at 20% solids. The starch was
fluidized using substantially anhydrous air. Then the fluidized starch was acidified by adding anhydrous
hydrochloric gas into the fluidizing air stream until the starch had a pH of 3.9 at 20% solids. To initiate the
dextrinization process, the fluidizing air and the outer steam jacket of the reactor were heated to obtain a
maximum starch temperature of 185° C. within three hours. The moisture content of the starch dropped
25  from 7.4% to 0.0% within two hours. Once the starch reached the maximum temperature of about 185°
C., time equal 0, the processing conditions described above were held for an additional 6 hours. Once
6hr time was reached, the fluidizing starch bed was cooled by lowering the air inlet temperature and

adding water to the outer jacket to bring the starch to ambient temperature.

12



to neutral with suitable acid. The starch was filtered, washed, and recovered by air drying. c) Acetic
anhydride (AA) modified- A total of 500 grams of starch was placed in a 2L plastic beaker 5 and slurried
in 750 ml tap water. The beaker was equipped with an overhead stirrer and pH monitor capable of
automatically adding a 3% sodium hydroxide solution to maintain a predetermined 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 grams of acetic anhydride and set to deliver the full ch pproximately 1 hour while the pH
was heldEeB@eadth BEbaravnmabaiarnhes i A it SedismnLdmetachesobamiaMPhand Sedidion was
allowed to cqﬂg;gkgﬁ {%E @Jiej%ﬁ‘i%i@“a' 5 minutes at pH. The slurry was then filtered through Whatman #1
paper and washed wi X ml of tap water. The resulting cake is allowed to air dry to less than 15%
moisture and regouered dotaifarddhestanciaacetaiec d) lesemratisselof (Dagary2BextrisreSamglenith - An
oil-jacketed, ribbon-type blender (a traditional dextrinizer) was charged with 100 parts of tapioca starch

ha_viﬁg a?ﬁ'@ﬁgﬂ'j‘ré"@oﬂ‘f&ﬁ %M@éﬁ"’@% Bl éﬁﬂd $gi3tioR 81049 m_aozme)@@a|m§§9ﬁiﬁ¢. %('qm.m&chloric
acid solufigR\WASSRIRY AIIPIERY RIRNRALIRIE SIAEN LS UBH 2RM R 36670 RANaSUHSRTY was
obtained. The oil jacket is heated to obtain a starch bed temperature of 185 C. in 2 to 4 hours. The

maximunalsiaticy) . teThpesiatyr evagastinetd 1cansianthio panwag ditoriat 6 g0 unse’). produ cenpctanar yvaextrin. e)

Preparation of Solution Stable Dextrin Sanégle 8) - A fluid bed reactor was charged with 100 20 parts of
tapioca stMFeARItg @ Mgl TvhRIIGS? Asleanyas prfet and FosE9ismmrtsor AdschRdBafiuidized

using substanfialiy ANV QuSALJHER HIe fluidizrg Sasch-wasacidiics Rkadding arhydraes o
hydrochloric gas into the fluidizing air stream until the starch had a pH ot 3.9 at 20% solids. To Initiate the
dextfinizatinysharess,9eHItidiZing aisutact teroutessieastfijecidetod thashedatoceneite sioateditapbtain a
maximum starch temperature of 185 C. within three hours. The moisture content of the starch dropped 25
from 7.4%38"0.0% SRRNERGH RBIH3 2 YLHRE starch reached the maximum temperature of about 185 C.,
time equal 0, the processing conditions described above were held for an additional 6 hours. Once 6hr
time was reached, the fluidizing starch bed was cooled by lowering the air inlet temperature and adding

water to theropited jaBlepatatibningdMedtbiEghuided ffidie Cotepngiteature. 12

The starches were evaluated in expanded snack to examine their TDF retention in food

15  application representing a process with severe heat and shear component. Expanded products similar to
corn curls were selected as a severe extrusion model system since temperature and Specific Mechanical
Energy (SME) during processing of puffs is relatively high.

The formula consisted of degermed corn flour and water. The experimental samples were used to
replace 20% (w/w) of degermed corn flour and were compared to a control prepared with 100%

20  degermed corn flour. The dry formula feed rate was 100kg/hr, extruder shaft speed was 400rpm, water
flow to extruder was 5.5-6.0 kg/hr. The total moisture in extruder was 15.5-16%.

Dry materials were blended in the ribbon mixer, Wenger Manufacturing, Inc., model No. 61001-
000 for 10min, fed into a hoper and extruded without preconditioning. The feed rate was 100kg/hr. For
the 3 barrel extruder design used, the barrel temperature profile was set to 50°C, 80°C, and 92°C and

25  was maintained within four degree range. The SME was calculated according to a formula presented
below to serve as an indicator of the mechanical shear input to the process —

Torqueacwal/ Torquepax X Screw Speedacua/ Screw Speedyax X Engine Power Constant / Throughput Rate

13



Example 2 - Preparation of Starches Crosslinked with Sodium Trimetaphosphate (STMP) and Sodium
Tripolyphosphate (STPP) 3,000 ml of tap water were measured into a reaction vessel. 100g Na2S04
were added with 5 agitation and stirred until dissolved. With good agitation, 2,000g of corn starch was
added and then 3% NaOH was added drop-wise to the slurry as needed to reach 40m1 alkalinity (6679
NaOH for 44.00mnk alialiritge Wae sbormiovas/sread hénaadulee pidovassepersied (it 15068)0 The
temperature was adjusted to 42C. 160g of a 99/1 STMP/STP blend was added and allowed to react for 4
hours. THEMhH® SKIrdfR terppeled srEnRIBTVRER SRAREP (P AET . BY i remeseurehikap seiva S AkfLited 1 5.5
with 3:1 Kigd, 'a'n%qr?s‘éloﬁ;'%ﬂdlﬁnﬁ@‘z;%&@-35'36. r?agﬂ.t?eg&% qpn%%ﬁetﬁlgad?igrltWa%da?B%W%?%tW'Ce
with 3,000 ml'fap water. The cake was crumbled and air dried. Example 3 - Preparation of a Model
Extrudednfraaes Compresétaroiline sterchesivies evensatondeddnrexpiandecxsnaekl ioackapdne thaimkPDF
retention in food 15 application representing a process with severe heat and shear component.
ExpandetPrEBRRAS BRRIEPR RiFkdéin curls were selected as a severe extrusion model system since
temperature angSpgeific Meehanical EREIYGENENSUHRGRIOSESSIG RSRETRES EBlaRl highr The
formula consisted of degermed corn flour and water. The experimental samples were used to replace
20% (w/weteitdegersad cata Hotordngiowbesfaomipared to a control prepared with 100% 20 degermed
corn flour. The dry formula feed rate was 100kg/hr, extruder shaft speed was 400rpm, water flow to
extruder was 5.5-6.0 kg/hr. TheTtBFa'f‘ﬁt%l%‘Pﬂr@"ﬁ&%@l@r’awéjsoﬁy.gﬁ%@/&'emy materials were blended in
the ribbon mixer, Wenger Manufacturing, Inc., model No. 61001- 000 for 10min, fed into a hoper and
extruded without preconditioning. The feed rate was 100kg/hr. For the 3 barrel extruder design used, the
bartél teragsnate re{Trati®iatas SdiadoBGGHBOE Faod @iMp @it R Exrasateaimtdine] within four degree range.
The SME was calculated according to a formula presented below to serve as an indicator of the
mechanical shear inpu® T8rqueltr SlerdrquéMardscrew PEedAt"all Screw SpeedMax x
Engine Power Constam e PhéZesue LRLE5IR) 1 3BIeMHaNNAIL g and the measured

Al

product temperature w&g&%@-lmc. na 3 > na
1 0 3 3 na
2 46 11 10 91
3 45 12 12 100
4 2 2 2 na
5 40 10 9 90
6 39 10 9 90
7 43 11 10 91
8 37 9 9 100
9 0 2 2 na
10 87 21 9 43
11 23 8 2 25
12 91 21 6 29
13 65 14 13 93
14 28 8 7 75

na — not applicable

Example 5 — Bulk Density of Food Composition

Bulk density (Dg) was measured by weighing (W) known volume (V) of cereals and calculating
15  according to the formula Dg = W / V and expressed in kg/m®

Table 3

14



From the extruder, expanded samples were sent to a drier. Drier temperature was set in a first zone to
130C, and in second and third zones to 30C. Total retention time in the drier was approximately 8
minutes. At the exit of the drier, products were collected into lined boxes and packaged to minimize 5
atmospheric moisture pick up. TDF of the dry blends and final products was determined using AOAC
2001.03 method. TDF retention WagGailTateg ACOBRH Pmne formula TDF Retention (%) =
(TDFEXxt,udate x100) / TDFD,y Blenthih@de=xample 4 - Total Dietary Fiber Retention of Food Composition
(Extrudate) (Table 2) Sample Ingredient Dry Blend Extrudate TDF Number TDF (% db) TDF (%db) TDF
(% db) Retention (%) Controlna 3 2ed 033 na 248111091 3451212100 4222na 540109
90 63910990 7431110091 9?750100 00?7592 108721943 11238225 129121629 13
6514 1393 14288775 na- ensity of Food Composition

4
4 50
5 44
6 34
7 30
8 42
9 50
10 42
11 50
12 44
13 30
14 34

Example 6 — Pudding Compositions

Modified food starch (Starch Sample 15) was tested in a pudding application, at 20% and 30% by

5  weight in the finished pudding, to determine process tolerance compared to a control starch. Waxy maize

(Starch Sample 1) is typically used in puddings and was utilized in the Control. The control was used at a
relatively lower concentration at 6.75% due to viscosity limitations.

Puddings were prepared using a Vorwerk Thermomix Model TM 21. The Thermomix mimics

processing conditions used for puddings by continuously mixing the batch, while keeping the temperature

10  constant.

Table 4
Percent Weight
Ingredients Control Pre-mix Pre-mix
Pre-mix A B

Starch Sample 1 27.72
Starch Sample 15 53.19 63.03
Granulated Sugar 41.07 26.60 21.00
Non-fat dry milk (High Heat) 31.21 20.21 15.97
Totals 100.00 100.00 100.00

The above dry pre-mixes were prepared and slowly whisked into the pre-weighed amount of

distilled water according to the pudding formulas below.

15




Bulk density (DB) was measured by weighing (W) known volume (V) of cereals and calculating 15
according to the formula DB = W / V and expressed in kg/m3 Table 3 14 Sample Bulk Density (kg/m3)
Number Control 52 150 245 344 450 544 634 730 842 950 1042 1150 1244 1330 1434
Example 6 - Pudding Compositions Modified food starch (Starch Sample 15) was tested in a pudding
applicatiarprt20% and 30% by 5 weight in the finished pudding, to determine process tolerance
compared to a control starch. Waxy maize (Starch S2eryele Weightypically used in puddings and was
utilized in the Control. The dogredieiias used>apte!relativBigttiwer corfdeistingtion at 6.75% due to viscosity
limitations. Puddings WeWgMWQeF TheromixModePTM-21. The Thermomix mimics

2435
Pre-mix A 37.60
Pre-mix B 47.60
Distilled Water 75.65 62.40 52.40
Totals 100.00 100.00 100.00

After the dry ingredients were hydrated, the pudding mixture (= 800 grams) was poured into the
Thermomix. The temperature setting of the Thermomix was set to 200°F (93.3°C) and the shear setting
5 was set to 1, which is the lowest. The timer was set to 35 minutes to take into account the 10 minutes
required for the pudding mixture to reach 200 °F (93.3°C) [come-up time], and the hold time of 25 minutes
at 200°F (93.3°C). After 35 minutes of mixing, the finished pudding was poured immediately into plastic
cups and placed in the refrigerator at 40°F (4.4°C).
The puddings were stored at 40°F (4.4°C) for 24 hours before further analysis. After 24 hours, the
10  pudding samples were freeze-dried. In order to achieve greater uniformity of drying, the pudding samples
were diluted to 12.5% solids with distilled water. The diluted samples were poured into round bottom
flasks and flash frozen using a dry ice-acetone bath. The samples were freeze-dried overnight using a
FTS Systems Flexi-Dry™ MP bench-top freeze drier Model# FD-3-85A-MP.
Total Dietary Fiber (TDF) content of starches, dry pre-mixes, and freeze-dried pudding samples
15  were analyzed using AOAC method 2001.03. The results were expressed on a dry basis. TDF retention
was calculated according to the formulas:
(1) TDF retention (%) = (TDF pudding) x 100) / TDF pre-mix
(2) Post-Processing Ingredient TDF = TDF starch x TDF retention / 100

TDF and TDF retention results for puddings are listed below —
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processing conditions used for puddings by continuously mixing the batch, while keeping the temperature
10 constant. Table 4 Percent Weig ht Ingredients Control Pre-mix Pre-mix Pre-mix A B Starch Sample 1
27.72 Starch Sample 15 53.19 63.03 Granulated Sugar 41.07 26.60 21.00 Non-fat dry milk (High Heat
31.21 20.21 15.97 Totals 100.00 100.00 100.00 The above dry pre-mixes were prepared and slowly
whisked into the pre-weighed amount of distilled water accordlng to the pudding formulas below. 15
Table 5 Percent Weight IndgBkdind {EDE dietantibuBdautisRf BuddimarHadubing (AaBle@bntrol Pre-mix 24.35
Pre-mix A 37.FO_ELe_mLx|_B_A.ZfO_DJsuledANaLer 75.6562.40 ';’7 40 Totals 100.00100.00 100.00 After
the dry ingredjents Wé?@ fydra tall_t?rg gre_ J xpﬂ(%é 9; 2 5]2?%55 L1 the Thermomix.
The temperatyre setting of the [TRglBPMIiXINgS) Sat ﬁF %r S) gg setting 5 was setto 1,
which is the lqweshirdirudaey Wasget to 3minutes tostake mtqsu/account the m@xmlnutes required for the

pudding mixture tdPreldicky 200F|(93631C) [conmdeBup times.9and thel&ld time of 36.tninutes
Pudding B 36.0 22.4 28.1 100 | 36.0

5 As can be seen from the above Table, the experimental puddings (A and B) not only contained
substantially more total dietary fiber than the control puddings and retained the dietary fiber upon

processing, but also had an actual increase in total dietary fiber.

Example 7 — Cultured Dairy Product

10
Modified food starches were tested in a cultured dairy product (CDP) application processed under
conditions typical for yogurt to determine process tolerance.
PO-treated waxy maize is typically used in CDP’s at 1 — 2% by weight; its usage level is limited by
viscosity. CDP made with PO-treated waxy corn at higher inclusion levels could not be prepared due to
15  viscosity limitations of the MicroThermics® processing unit.
Acid conversion reduces the viscosity of starch, which allows for higher starch inclusion levels in the CDP
formulation, without affecting processing. Starch 16 was a CWS acid-converted waxy corn. Starch 17 was
a CWS acid-converted waxy corn with 5.6% PO. Both starches were utilized at 20% by weight in the CDP
application.
20  CDPs were prepared using a typical yogurt process:
1. Dry-blended starch and non-fat dry milk (NFDM) in Ziploc® bags according to the formulations

listed in Table below:
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at 200F (93.3C). After 35 minutes of mixing, the finished pudding was poured immediately into plastic
cups and placed in the refrigerator at 40F (4.4C). The puddings were stored at 40F (4.4C) for 24 hours
before further analysis. After 24 hours, the 10 pudding samples were freeze-dried. In order to achieve
greater uniformity of drying, the pudding samples were diluted to 12.5% solids with distilled water. The
diluted sanames B@ne uRrRgRRIEUED Bochbatia Uliasksiambitasihiforen Ristigsardiytdeesacetone bath. The
samples were freeze-dried overnight using a FTS Systems Flexi-DryTM MP bench-top freeze drier

Model# ED-3-85A-MP_Tatal Dietary E i e=mi eeze-dried
pudding samples 15 were analyzed using-AQAC method 20 EBNR adry
basis. T| regiedt ed-accordingtothEthil : D ding) x

A ’ )
\ Dnct Drapaccoima |nﬂrr\fl;r\n+zprqp-

Nnra_mive {(92\ -
1[? PITTTTTIA (£) TUSTIFTULCSSIIY TTTIyrcuicTtit I_HI_ -

100) /T T
retentio[TNEBWtE sQr FRidings are fisted betow 16 12 and TDF Re |
(Table §)1%5annle TDF TDF TDF TDF Post-Processing Starch Pre-mix Puddingdgetention Ingredjent TDF
%clb % e 8ikib % (% db Control Pudding 0.0 0.890%5 N/A N/A Pudding A 36.03288 22.9 100 36.0

Pudding Bo@6:0 22.4 28.1 100 36.0 5 As can be sééddfom the above Table, thel@fdrimental puddings (A
and B) not only contained substantially more total dietary fiber than the control puddings and retained the

dietary fiBeNﬂ%drﬁr%é%§ﬁﬁi!%’1d§!§bgﬁé‘&”éﬁoéléﬁi%@m e°’<9§§qmt’éﬁhl_ dietary fiber. Example 7 - Cultured
Dairy, Prodygt, 10 MeAliGHLRosk SEfFReSHNRERRRIRSHIR, A SUBUELARRY R Lch (R P) appligation

processed under
Level Divert.

n
J
-

4. Homogenized mixture at 120/30 bars (= 1800 psi) using MicroThermics® Laboratory In-Line
Homogenizer.
5. Brought mixture to a final heat of 95 °C (203 °F) for 6 minutes using MicroThermics® UHT/HTST
10  Laboratory-Scale Processing System (Model HVHW) with holding cabinet.
6. Collected product at 42-43 °C (108-110 °F) and inoculated with 0.2% yogurt culture.
7. Transferred inoculated mix into yogurt cups (cup set).
8. Incubated cups at 45 °C (114 °F) in NAPCO Controlled Environment Incubator (Model 3500) for = 4
hours (until a pH range of 4.5 to 4.6 was attained).
15 9. Stored CDPs under refrigeration (40 °F) for four days.
10. Diluted CDPs with distilled water to = 12.5% solids, in order to achieve greater uniformity of
drying.
11. Poured diluted samples into 1000 ml round bottom flasks.
12. Flash froze diluted samples using dry ice-acetone bath.
20 13. Freeze-dried samples overnight using a FTS Systems Flexi-Dry™ MP bench-top freeze drier

(Model# FD-3-85A-MP).

Total Dietary Fiber (TDF) content of starches and freeze-dried CDPs was determined using AOAC
method 2001.03 “Total Dietary Fiber in Foods Containing Resistant Maltodextrin”.

25
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conditions typical for yogurt to determine process tolerance. PO-treated waxy maize is typically used in
CDP's at 1 - 2% by weight; its usage level is limited by viscosity. CDP made with PO-treated waxy corn
at higher inclusion levels could not be prepared due to 15 viscosity limitations of the MicroThermicsO
processing unit. Acid conversion reduces the viscosity of starch, which allows for higher starch inclusion
levels in thoF GdRRtidarmyledienatadthaist@ftertithg foreoaessing. Starch 16 was a CWS acid-converted waxy
corn. Starch 17 was a CWS acid-converted waxy corn with 5.6% PO. Both starches were utilized at 20%
by weight in#feetspicadiicatiBh G2 & DY Were sréfared using a typical yogurt process: 1. Dry-blended
starch ang ng iﬁ%&g&%”ﬁﬁ&%@ﬁ&é@wﬁ@tﬁ@@? ﬁggﬁgmgg e fgggnulations listed in Table below:
17 Table 7- Cultured Dairy Product Formulations Utilized for Determination of Process Tolerance.
Percent Weight Ingredients CDP with 16 CDP with 17 16 20.00 --- 17 --- 20.00 NFDM (Low Heat) 0.50
0.50 1% Milk 39.75 39.75 2% Milk 39.75 39.75 Totals 100.00 100.00 2. Added dry blend to milk under
high-agitdfBlF BsHeMatrRSpRERMKEF. stentiopdan SRR skl e useesed 0 RPYSAGMicroThermicso
Heated Mixing Station with Low Level Divert. 4. Homogenized mixture at 120/30 bars (- 1800 psi) using
MicroThermics0O Laboratory In-Line Homogenizer. 5. Brought mixture to a final heat of 95 C (203 F) for 6
minutes daitig MIDB hhe M s8tkHHdT IRESIEs of Cultured Dairy Products

Sample TDF TDF TDF TDF Post-Processing
Starch Pre-mix CDP Retention Ingredient
(% db) (% db) (% db) (%) TDF
(% db)
CDP with 16 2.4 1.6 2.1 NA N/A
CDP with 17 38.2 26.3 25.6 97 37.1

10 The result in the table 8 demonstrate that TDF retention of modified starch of the invention in cultured

dairy product was 97%.

Example 8 — Retorted Applications

Modified food starches were tested in a retort application using a thermal process typical of a cream-
15  based white sauce to determine process tolerance.

Starches 16 and 17 were utilized at 20% by weight in the retort application.

1. Prepared retort samples according to the formulations listed in Table 9, using a thermal process

typical of a cream-based white sauce:

20
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10 Laboratory-Scale Processing System (Model HYHW) with holding cabinet. 6. Collected product at
42-43 C (108-110 F) and inoculated with 0.2% yogurt culture. 7. Transferred inoculated mix into yogurt
cups (cup set). 8. Incubated cups at 45 C (114 F) in NAPCO Controlled Environment Incubator (Model
3500) for =4 hours (until a pH range of 4.5 to 4.6 was attained). 15 9. Stored CDPs under refrigeration
(40 F) forrtmuy giasod Bolrillkesh CMRswith Diséiiananmier Peosedd Bflérsalids, in order to achieve greater
uniformity of drying. 11. Poured diluted samples into 1000 ml round bottom flasks. 12. Flash froze diluted

samples
Flexi-Di
starche

20 13, Freeze-dried sanfrsieos

Vb
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fOHEINEd(té 100 5 Table 8

summarizes ie@nd TDF reten
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on a dry
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DF Retentiorosesults of Culture
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n
las:
irch x
sed
DF

TDF TDF Post-Processing Starch Pre-mix CDP Retention Ingredient (% db) (% db) (% db) (%) TDF db
CDP witl?18/2ighgdSRIemNA iNGA 20DP! jitnlase 88 egk®@5.6 97 37.1

3. Added distilled water to 1200 ml stainless steel beaker.

10

15

20

4. Created starch slurry for Starch 16 by mixing starch and water using a VWR High Viscosity

@ 400 RPM for 5 minutes.

5. Created starch slurry for Starch 17 by weighing hot water (= 115 °F) into a 1200 ml

beaker.

6. Turned on VWR High Viscosity Mixer and set to 750 RPM.

7. Weighed Starch 17 separat

8. Slowly added Starch 17 to the hot water under agitation; Starch 17 took = 15 minutes to

dissolve.

9. Added 25% citric acid solution to reduce pH to = 4.0. (Citric acid level needed to reduce pH

was previously determined).

10. Allowed starch slurry to mi

ely into a 600 ml beaker,

x for an additional two minutes.

Mixer

stainless steel

fully

to 4.0

11. Checked pH of starch slurry, while mixing, using a pH meter. Citric acid solution was added, if

necessary.

12. Pre-heated starch slurry to 185 °F (85 °C) in a boiling water bath.

13. Mixed slurry before placing it into the boiling water bath.

14. Filled standard 211 x 400 diameter aluminum cans with starch slurry, leaving 3/8 of an inch

headspace.

15. Sealed cans and placed into the retort (Stock Retort Pilot-Rotor 900); temperature probes

attached.

20
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10 The result in the table 8 demonstrate that TDF retention of modified starch of the invention in cultured
dairy product was 97%. Example 8 - Retorted Applications Modified food starches were tested in a retort
application using a thermal process typical of a cream- 15 based white sauce to determine process
tolerance. Starches 16 and 17 were utilized at 20% by weight in the retort application. 1. Prepared retort
samples s&cpreiagséa taasfonou fationslisteckisiohaltes9 *using. s teons praaess iyaigal of @ogeam-based
white sauce: 20 19 Table 9- Retort Formulations Utilized for Determination of Process Tolerance.

Percent \WEIGPRSIRG RSEABISIS R&DOIBISAMAPRATINILE Retort Sample with 17 16 20.000 --- 17 --- 20.000

Citic AciMaponyrtale 614 00k27 430% ST BISH)SOAyes 79,70, 70.678 Totals 100,000

100.000 2. Weighed Starch 16 into 1200 ml stainless steel beaker. 3. Added distilled water to 1200 ml
stainless isteebbealkamed iktsaatochstavel shioiy flasiStarch 16 by mixing starch and water using a VW R
High Viscosity Mixer @ 400 RPM for 5 minutes. 5. Created starch slurry for Starch 17 by weighing hot
watet (- 185 PRihdeaedughsrataitnasstbeicpasiaredafurned on VWR High Viscosity Mixer and set to

730 RP%0,19@92\@[8,]@@?80%@5%@; 3%3'{#&%%%99%9993% Q%%%eéystems Flexi-Dry™ MP  bench-

top freeze drier (Model# FD-3-85A-MP).

Total Dietary Fiber (TDF) content of starches and freeze-dried retort samples was determined using

10  AOAC method 2001.03 “Total Dietary Fiber in Foods Containing Resistant Maltodextrin”.
TDF retention was calculated according to the formulas:

1. TDF Retention (%) = TDF Retort Sample x 100 / TDF Pre-mix

15 2. Post-Processing Ingredient TDF = TDF Starch x TDF Retention (%) / 100

Table 10 summarizes TDF and TDF retention results for retort samples; results are expressed on a dry

basis.

20  Table 10- TDF and TDF Retention Results of Retort Samples

Sample TDF TDF TDF TDF Post-
Starch Pre-mix Retort Retention Processing
(% db) (% db) Sample (%) Ingredient
(% db) TDF
(% db)
Retort Sample 2.4 2.4 2.8 N/A N/A
with 16
Retort Sample 38.2 38.2 35.2 92 35.2
with 17

The result in Table 10 show that TDF retention of modified starch of the invention in retorted application

was 92%.
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8. Slowly added Starch 17 to the hot water under agitation; Starch 17 took = 15 minutes to fully dissolve.
9. Added 25% citric acid solution to reduce pH to = 4.0. (Citric acid level needed to reduce pH to 4.0 was
previously determined). 15 10. Allowed starch slurry to mix for an additional two minutes. 11. Checked pH
of starch slurry, while mixing, using a pH meter. Citric acid solution was added, if necessary. 12.
Pre-heated starch slurry to 185 P (85 C) in a boiling water bath. 13. Mixed slurry before placing it into the
boiling water bath. 20 14. Filled standard 211 x 400 diameter aluminum cans with starch slurry, leaving
3/8 of an inch headspace. 15. Sealed cans and placed into the retort (Stock Retort Pilot-Rotor 900);
temperatyre 858@6—3#35%0%%%%%9; 20 16. Processed cans under full water immersion at 250 P (121.5 C)
for 30 minuies In rotary mode (Processing parameters are listed in Appendix). 17. Opened cans and
stirred candenitsl tocensaneheswerméstdoaios eritie exataeyipgppliGatidow edicanplpmdate bRO&heal round bottom
flasks. 5 19. Flash froze diluted samples using dry ice-acetone bath. 20. Freeze-dried retort samples
"as-id" the following day using a FTS Systems Flexi-DryTM MP bench- top freeze drier (Model#
FD-3-85As M) mEQIAh R a0y SR GE (TIDED-GaniaRd Rl SIS IER.Ad frsesirled Le5t, spmBlas was
determined using 10 AOAC method 2001.03 "Total Dietary Fiber in Foods Containing Resistant
Maltodextspricindrhareteniromovida cahileuhated@pacsd inhtdrileenfopifat fasit bqlipheRetention (%) = TDF
Retort Sample x 100 / TDF Pre-mix 15 2. Post-Processing Ingredient TDF = TDF Starch x TDF Retention
(%) / 100 Table 10 summarizes TDF and TDF retention results for retort samples; results are expressed
on adry 1. Dry-blended tortilla chip pre-mixes in 1-gallon Ziploc® bags according to the formulations listed in

10 Table 11. Once uniform, a sample of the tortilla chip pre-mix was taken.

Table 11- Tortilla Chip Pre-mix Formulations Utilized for Determination of Process Tolerance.

Percent Weight
Ingredients Tortilla Chip Tortilla Chip Tortilla Chip Tortilla Chip Tortilla Chip
Pre-mix 1P Pre-mix 2P Pre-mix 3P Pre-mix 4P Pre-mix 5P

Instant Masa Flour 100.00 80.00 80.00 80.00 80.00
(Maseca)
1 20.00
2 20.00
13 20.00
11 20.00
Totals 100.00 100.00 100.00 100.00 100.00
2. Weighed tortilla chip pre-mix into a Hobart mixing bowl according to the formulations listed in Table

15 12
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basis. 20 Table 10- TDF and TDF Retention Results of Retort Samples Sample TDF TDF TDF TDF Post-
Starch Pre-mix Retort Retention Processing (%db) (%db) Sample (%) Ingredient (% db) TDF db Retort
Sample 2.4 2.4 2.8 N/A N/A with 16 Retort Sample 38.2 38.2 35.2 92 35.2 with 17 The result in Table 10
show that TDF retention of modified starch of the invention in retorted application was 92%. 21 Example
9 - Fried T4yitllie-Ohsaagifreahinad ssaraires wenettesieglitn af Piecetartilrahie.application to determine
process tolerance. 5 Instant masa flour was used as the Control. Modified food starches were evaluated

at 20% py weight, replacing masa flour, Tortilla chips wegscareeaiedt ysing internal pilot plant equipnpent.
1. Dry-Hlendsieeietiifa chip prellafx@B in|1- @raﬂtﬂﬁ @hiflocO BagdaetBrding terthe $sitnulatibefélifstdiPin | 10
Table 1—Cnece-upiform-a-sariBiCot tho-torlfdn c..:p pr mbIAS takep—TalIlB 13 Tonila il Pro-ahix
) +3r§mllx+1|?'r\n| £a ioR Dracpce Talbranca “PercentWeiahidnaredients Tortilla-Chi
FOYmU| ¥ ?n\i 2 CuUu 11U IJCLCI I__I_II ICll Ul UI rlgiﬁﬂb I UI el IbC.___I'CIL,CI L VVCIHI IL UL ld UITITILS I_\_J_I Ul © "p
Tortilla Chrp-graga Chip Tortitta_Chip Tortitta Chip Pre=mix g7 fPre-mix 2P Pre-mix 3P Pre-mmix 4P
Pre-mix ®rz-Fagigmt Masa Flour-100.00 80.00 80.00 80[00 80.00 (Maseca) 65.00
Pre-mix 5P 65.00
Spring Water 35.00 35.00 35.00 35.00 35.00
Totals 100.00 100.00 100.00 100.00 100.00
3. Weighed spring water into a separate container.
4. Attached mixing blade to Hobart mixer.
5 5. Mixed dry blend for 1 minute on low speed.
6. Slowly added spring water.
7. Mixed dough for an additional minute on low speed.
8. Put dough mixture through noodle machine 6 times at speed 40 with settings for the opening set at
(1.5, 6.0) and (1.5, 6.0), to sheet the dough.
10 9. Placed dough sheet onto metal tray.
10. Cut dough two inch round shapes using dough cutter; excess dough was discarded.
11. Placed tortilla chips into 475 °F oven.
12. Baked tortilla chips for 1 minute.
13. Allowed tortilla chips to equilibrate to ambient temperature for = 10 minutes before frying.
15 14. Placed a maximum of 5 tortilla chips onto the shaping mold. The shaping mold was used to keep
tortilla chips from pillowing.
15. Immersed shaping mold containing the tortilla chips into 375 °F Golden Fry Clear Liquid
Shortening (soybean and/or canola oil blend).
16. Fried tortilla chips for 30 seconds using a Pitco Frialator® (Model E14S-QV) deep fat fryer. 17.
20  Removed tortilla chips from the fryer; allowed excess oil to drain into fryer.

18. Placed fried tortilla chips onto metal screens (curvature downward), and allowed excess oil

drain.

19. Repeated frying procedure until all of the tortilla chips were fried.
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1---20.00 --- --- --- 2 - --- 20.00 --- --- 13 --- - --- 20.00 --- 11 --- --- --- --- 20.00 Totals 100.00 100.00
100.00 100.00 100.00 2. Weighed tortilla chip pre-mix into a Hobart mixing bowl according to the
formulations listed in Table 15 12. 22 Table 12- Tortilla Chip Formulations Utilized for Determination of
Process Tolerance. Percent Weight Ingredients Tortilla Chip Tortilla Chip Tortilla Chip Tortilla Chip
Tortilla Chop FGesadrakwikhlpwittc?najgatd aih thimRéeduinb bt 6batbienttemperatftee-mix 2P --- 65.00 --- ---
--- Pre-mix 3P --- --- 65.00 --- --- Pre-mix 4P --- --- --- 65.00 --- Pre-mix 5P --- 65.00 S rin Water 35.00
35.00 35390 35strsaerttiaeaiesitio.60'awbegsesRrg®0.00 100.00 3. Weighed spring water into a
separate container. 4. Attached mixing blade to Hobart mixer. 5 5. Mixed dry blend for 1 minute on low
speed. 6. Slowly added spring water. 7. Mixed dough for an additional minute on low speed. 8. Put dough
mixture thea ghetzepHigeMabhjrerfetinee ®aitl S peip @ré Onivis Seltorm ondh e apenengiset @ain(lABAG 0) and
(1.5, 6.0), to sheet the dough. 10 9. Placed dou%h sheet onto metal tray.

5 method 2001.03 “Total Dietary Fiber in Foods Containing Resistant Maltodextrin” and AOAC 991.43

“Total, Soluble, and Insoluble Dietary Fiber in Foods.

Tortilla Chip Control, Tortilla Chip Starch “A” and Tortilla Chip Starch “F” were analyzed by AOAC
2001.03.
10

Tortilla Chip Amioca and Tortilla Chip Starch “J” were analyzed by AOAC 991.43.

TDF retention was calculated according to the formulas:
1. TDF Retention (%) = TDF Tortilla Chip x 100 / TDF Tortilla Chip Pre-mix

15 2. Post-Processing Ingredient TDF = TDF Starch x TDF Retention / 100

Table 13 summarizes TDF and TDF retention results for tortilla chips; results are expressed on an “as-is”
basis.

Table 13- TDF and TDF Retention Results for Tortilla Chips

Sample TDF TDF TDF TDF Post-
Starch Pre-mix Tortilla Retention Processing
(% wb) (% wb) Chip (%) Ingredient TDF
(% wb) (% wb)
Tortilla Chip N/A 6.7 7.5 N/A N/A
Control
Tortilla Chip with 1.0 6.2 2.7 43 0.4
1
Tortilla Chip with 41.0 14.8 13.8 93 38.1
2
Tortilla Chip with 16.0 9.8 71 73 1.7
11
Tortilla Chip with 53.2 15.8 15.7 99 52.7
13
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10. Cut dough two inch round shapes using dough cutter; excess dough was discarded. 11. Placed
tortilla chips into 475 P oven. 12. Baked tortilla chips for 1 minute. 13. Allowed tortilla chips to equilibrate
to ambient temperature for = 10 minutes before frying. 15 14. Placed a maximum of 5 tortilla chips onto
the shaping mold. The shaping mold was used to keep tortilla chips from pillowing. 15. Immersed
shaping mold cotainingotbe saféltaiigs thid @ésifiRdsadppsidy thdearchiguickiShardasmdieoybean and/or
canola oil blend). 16. Fried tortilla chips for 30 seconds using a Pitco FrialatorO (Model El 4S-QV) deep
fat fryer. TNIRPRSGAEIIORITEEERIBS from the fryer; allowed excess oil to drain into fryer. 18. Placed
fried tortilla chips onto metal screens (curvature downward), and allowed excess oil to drain. 19.
Repeated frying procedure until all of the tortilla chips were fried. 23 20. Placed tortilla chips onto trays
and allow them to equilibrate to ambient temperature. 21. Transferred tortilla chips into ZiplocO bags for
storage. Total Dietary Fiber (TDF) content of tortilla chip pre-mixes and tortilla chips was determined
using AOAC 5 method 2001.03 "Total Dietary Fiber in Foods Containing Resistant Maltodextrin" and
AOAC 991.43 "Total, Soluble, and Insoluble Dietary Fiber in Foods. Tortilla Chip Control, Tortilla Chip
Starch "A" and Tortilla Chip Starch "F" were analyzed by AOAC 2001.03. 10 Tortilla Chip Amioca and
Tortilla Chip Starch "J" were analyzed by AOAC 991.43. TDF retention was calculated according to the
formulas: 1. TDF Retention (%) = TDF Tortilla Chip x 100 / TDF Tortilla Chip Pre-mix 15 2.
Post-Processing Ingredient TDF = TDF Starch x TDF Retention / 100 Table 13 summarizes TDF and TDF
retention results for tortilla chips; results are expressed on an "as-is"
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basis. Table 13- TDF and TDF Retention Results for Tortilla Chips Sample TDF TDF TDF TDF Post-
Starch Pre-mix Tortilla Retention Processing (% wb) (% wb) Chip (%) Ingredient TDF wb % wb Tortilla
Chip N/A 6.7 7.5 N/A N/A Control Tortilla Chip with 1.0 6.2 2.7 43 0.4 1 Tortilla Chip with 41.0 14.8 13.8
93 38.1 2 Tortilla Chip with 16.0 9.8 7.1 73 11.7 11 Tortilla Chip with 53.2 15.8 15.7 99 52.7 13 20 24
Data in tabieclAigemonstrate that modified starches of the invention retain 93-99% fiber in the frying
process used for tortilla chips. 25 WE CLAIM: 1. A method of maintaining a high total dietary fiber content
comprising: processing under harsh conditions a food formulation comprising a modified starch selected

fro‘m the group &R?c?llﬁtﬂﬁ nQ;iﬁibdém?ﬁ t@&%ﬁ)&%ﬁ@é@g&h%@gmggm n, and/or chemical moplification

using reagents selected from the group consisting of propylene oxide/phosphorus oxychloride (PO/

POCI3), propylpeessxiceisadienstiicoatiphe apbedeotROAEINEhppsog\denalinxideisadéaitted from
the group consisting of acid/heat and/or alkali/heat dextrinization, and/or chemical modification using
reagents selected from the group consisting of propylene oxide/phosphorus oxychloride (PO/ POCI3),
propylene oxide/sodium trimetaphosphate (PO/STMP), propylene oxide/sodium
trimetaphosphate/sodium tripolyphosphate (PO/STMP/STPP), adipic acetic anhydride (Ad/Ac), acid
converted/propylene oxide (H+/PQO), propylene oxide (PO), acetic anhydride (AA), butyric anhydride
(BA), and propionic anhydride (PA), succinic anhydride (SA) and mixtures thereof,

resulting in a processed food composition.
2. The method of claim 1, wherein the processing is extrusion under medium to severe conditions.

3. The method of claim 1 or 2, wherein the starch is modified by acid/heat dextrinization and/or
chemical modification using reagents selected from the group consisting of propylene
oxide/phosphorus oxychloride (PO/ POCI3), adipic acetic anhydride (Ad/Ac), acid
converted/propylene oxide (H+/PQ), propylene oxide (PO), acetic anhydride (AA), butyric anhydride

(BA), and propionic anhydride (PA), and succinic anhydride (SA).

4. The method of claim 3, wherein the starch is modified using propylene oxide.
5. The method of claim 3, wherein the starch is modified by acid/heat dextrinization.
6. The method of any one of the previous claims, wherein the food formulation is subjected to

processing at conditions of a temperature of greater than about 100°C and/or a pressure greater than

about 1 atmosphere (101.325 kPa).
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trimetaphosphate/sodium tripolyphosphate (PO/STMP/STPP), adipic acetic anhydride (Ad/Ac), acid
converted/propylene oxide (H+/PO), propylene oxide (PO), acetic anhydride (AA), butyric anhydride (BA),
and propionic anhydride (PA), succinic anhydride (SA) and mixtures thereof, resulting in a processed food
composition. 2. The method of claim 1, wherein the processing is extrusion under medium to severe
conditions. 3. The mefiwcbbirsiaime df Gledravivasainiths wiareh tsenadifieehiytiasid/heatdertbinization
and/or chemical modification using reagents selected from the group consisting of propylene
oxide/phospRORFSIERIRSHIEREN(IDEFPOCPITISHBIRE horRare A ParieRS GNEFARN i oM IRSPREFPISpylene

oxide (H+/PQ). .p éﬂg e ogi%er R ), acetic anhydride (AA), butyric anhydride (BA), and propionic
anhydride (FE,DAS‘I gﬁg su@c?ﬁic ané&ﬁ?rig'e (SA). 4. The method of claim 3, wherein the starch is modified

using propylene oxide. 5. The method of claim 3, wherein the starch is modified by acid/heat
dextrinization. 6. The method of any one of the previous claims, wherein the food formulation is subjected
to proce8sing attoRaitiehe’ srateahiaripy B FaateMAARARSUIPAbONL RIS IREsTEdet & Yteater than

about 1 atmegphere, (&%'%W@ag@a@{ be.methad phany one of the previous claims, wherein the food

formulation is processed by a process selected from the group consisting of homogenization,
pasteurization, ultra-high temperature (UHT) packaging, and retorting. 8. The method of any one of the
previous claims, wherein the food formulation is extruded at an SME of at least 130 Wh/kg and a PT of at
least 160€. 9. THE MEMRSPLE&MAEiM 8t FefrapreieaBYaRrBIRIGASE Farurié Al sME N afkast 160
Whikg and g BT pfat least1 98 10. The method of claim any one of the previous claims, wherein the
processed food composition retains at least 70% (w/w) of the pre-pre-processed food formulation. it. The
method of claim 10, wherein the processed food composition retains at least 85% (w/w) of the
pre-processed food formulation. _ . _ B

10. The method of claim any one of the previous claims, wherein the processed food composition

retains at least 70% (w/w) of the pre-pre-processed food formulation.

11. The method of claim 10, wherein the processed food composition retains at least 85% (w/w) of

the pre-processed food formulation.

12. The method of claim 11, wherein the processed food composition retains at least 95% (w/w) of

the pre-processed food formulation.

13. The method of any one of the previous claims, wherein the extruded food composition has a bulk

density no greater than an extruded food composition without the modified starch.

14. The method of claim 13, wherein the extruded food composition has a bulk density at least 5%

less than an extruded food composition without the modified starch.
15. The method of any one of the previous claims, wherein the processed food composition has a

total dietary fiber content of from 2 to 50% (w/w) greater than a processed food composition without

the modified starch.
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12. The method of claim 11, wherein the processed food composition retains at least 95% (w/w) of the
pre-processed food formulation. 13. The method of any one of the previous claims, wherein the extruded
food composition has a bulk density no greater than an extruded food composition without the modified
starch. 14. The method of claim 13, wherein the extruded food composition has a bulk density at least 5%
less than an extruded food composition without the modified starch. 15. The method of any one of the
previous claims, wherein the processed food composition has a total dietary fiber content of from 2 to
50% (WP grealéftRaines §f SEiBsed Be/g B 1A pEEIBRAT WRAO CoMtPRS oo dified stakeisiary iPer aéeRhethod of

claim 15, whgrein U6, BeRaRsc faod fmeasiion has avarabdisiar, sl GRIENSI figm 2 0 35%6 (wiw

greater than a processed food ‘composition without starch. 17. The me claim 16,
wherein the processed food composition has a total dietary fiber content of from 3 to 15% (w/w) greater
than a processed food composition without the modified starch. 18. The method of claim 16, wherein the

processeﬁfoodmﬂ %i%‘ éetd’t’QPEﬁ@tﬁﬁ/pﬁEﬁﬁsé%mﬂ COMARTHCS {15791 B HRIFYrSietome a
processed f%‘?ﬂo???@“BQ%%O&/)WB%‘A&W%W8%@&?&%‘6& %§mposition without the modified starch.

18. The method of claim 16, wherein the processed food composition has a total dietary fiber content

of from 3 to 10% (w/w) greater than a processed food composition without the modified starch.
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