10

15

20

30

Ll
ih

1 5 FOOD PRODUCTS COMPRISING A SLOWLY DIGESTIBLE OR
DIGESTION RESISTANT CARBOHYDRATE COMPOSITION
BACKGROUND OF THE INVENTION 10 A variety of carbohydrates are
used in food products, such as various sugars and starches. Many of
these carbohydrates are digested in the human stomach and small

intestine. Dietary LAt B@&%ﬁﬁ &QM&R%%B%G&M not

digestedd S A [ smally ' [ (@Y
by micro%lr%?nlsms im%rg el ngﬁﬁmﬁé%%reﬁs{{%@}g&%g
ingredients that grg RBSHEV P RIAETE oG MeegdFTioand that are

either non-digestible or only digestible to a limited extent, in order to
enhance the dietary fiber content or reduce the caloric content of the

: ificati ertain health benefits. There is a need
BAC@@%&J&&%@??@%?@ D

for edible materia a reduced content of easily digestible
casbvhyeiratdscahdhwiietscare beebad ifpplapecdtios, isvabdisiortous sugars and
starcHZQNVERL0 Eﬂf %96%@”39@6% tBEOQPeCtﬁl'é‘eg‘Pé’adﬁn S[Hé\ﬂm : EIIHE‘IF and small
INVENTION One aspect of the invention’is a process for making an
intestiligoRaatiafitier codnpdgitichiciThia provess, cogmprsely madbgistednn the stomach
s YU COTR SR I 1395 AL CARLANG. AR-RllogsACGhardg .
o qmafllqe%{%‘t oné mon sacc%akﬁ%%ggsaccﬁa#if%at%n 5 stségrlc%?l memtd]g%ranet e
filtEhigrg thendgtreerisrcdenpositigrinerfohivnts thehasavdtabhidenricts stréznm products
ol cahatide:ri ean, recoyeri :
ond B ) S Al P NETR R i grdor g, enbance the
dietanyligbsnccmimdesrictdsoetm isisivwlyadigastidlétoyfted. hilihean digddtiaions have
: o ly digestible" as the term is used herein means that a 30
Ceﬁaﬁ és%@ﬁ%?gﬁ%%{gntity (e.g., at least about 50% on a dry solids basis, and in
sohiereasesnatdchstedbbunzBomlomdtitdast aboutB0) @hthet of easily digestible
drates present in t m_are.either not_digested at all in the .
e e e SO, e ANy Whveniona
carbodmyénate redhstier &mdodiment of the invention, the oligosaccharide-rich
stream is resistant to digestion by the human digestive system 35 Both in
vitro and in vivo tests can be performed to estimate rate and extent of
SUMch By rEte IdigésidnNT Hinans. The "Englyst Assay" is an in vitro

ené%@%s&aeesctt tpfa{h%aig\%%t?on is a process for making an oligosaccharide composition.

The process comprises producing an aqueous composition that comprises at least one

oligosaccharide and at least one monosaccharide by saccharification of starch; membrane
filtering the aqueous composition to form a monosaccharide-rich stream and an
oligosaccharide-rich stream; and recovering the oligosaccharide-rich stream. In one
embodiment of the invention, the oligosaccharide-rich stream is slowly digestible by the
human digestive system. “Slowly digestible™ as the term is used herein means that a
substantial quaxitity (e.g., at least about 50% on a dry solids basis, and in some cases at least
about 75%, or at least about 90%) of the carbohydrates present in the stream are either not
digested at all in the human stomach and small intestine, or are only digested to a limited
extent, In another embodiment of the invention, the oligosaccharide-rich stream is resistant
to digestion by the human digestive system

Both in vitro and in vivo tests can be performed to estimate rate and extent of

carbohydrate digestion in humans. The “Englyst Assay™ is an in vitro enzyme fest that can be
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5 used to estimate the amounts of a carbohydrate ingredient that are

rapidly digestible, slowly digestible or resistant to digestion (European

Journal of Clinical Nutrition (1992) Velume 46 (Suppl. 2), pages

S33-S50). Thus, any reference herein to "at least about 50% by weight on
used B dbmeRlidsbasizmel armalgyal hieing slowdly dioasible, oniR MAISHAL siowly

being "primarily slowly digestible," means that the sum of the percentages

digestifig Ak panifie dius SloWhF 1o pRgR Jepra g rdlisiethhitier ERRHyStolume 46
(Supp?%%?}ﬁéé’é@@@l deast ahout R0%. L IKRIWISR: 8RY, FeleIeRCRRGT %@/Bom;a&fei ghtona

east about 50% by weight on a dry solids basis" of a material being

dry sofidadtrsifreditameteniad acnateloy Befigepitnaly idigestseripe Bstaat primarily
slowlNeRRsHhRb thR.ARrGaRiage hahisclassified azdasisirnt by e EAYSL siowly

_assay is at least about 50%. In one embodiment of the process, the
digestiplaeBuds dsmpasitibn thatiegstssaaybiptals shderrriatiobDds. stadkpwise, any

referciQIOMERA DY, iISpMErizalian: SeMANISES LY HASE4fUGIAGS BRdaMIIUE Al being

. oligosaccharides. This aqueous composition can be nanofiltered to
digesQemapsifiantingd the:nioresakdsirenitnapbrricssierreenstan thecans that the

percefligRIREARATIME FICh Jeteqiale sirepme [H60llgasaceharidesrich §H§am

can comprise at least about 50% by weight oligosaccharides on a dry
sdfidensasibetiincsbraé Hisesoatibatialiaue90vsomnssitiin dmbodiphehiesd by

sacch®fi G RIPESSatd (N6 10IGesarChANEHCN SIreamWilL SUML.COTRISE Bose, and a

. minor amount of dextrose and'fructose. "A minor amount” is used herein
mIXtuEs frenietsaecisad S0h Iy sauhshis sammsitiulicanteesanpfidqseddesspemis it into

the %ﬁ%&%@%ﬂﬁﬁ%@m&%%ﬁ@rﬁ%%@%&h{am&tﬁ'&%w%ﬁ%@Bﬁiéam. The

. (1) contacting the oligosaccharide-rich stream with an isomerization
oligogasghpridesipthsieamatde asruoine f tast absuiot isbsonvehe dligofrarsisales on a

dry séhgreRyproducing anisomerized 25, ali 9@9&%@%&&%&%} the process,

membrane filtering the oligosaccharide-rich stream to produce a secon
the ohgoprssheckend- Aehasraahh wildcamptond oligosavoharidd-fictireneand fructose.

«A miBBf SOMRFSESNPIR IhaN AhRKE PRy, Weig %ORJO\L&QP%%%&Q@%@ B3 LRY.

solids basis as well as a minor amount of mondsaccharides; :
hy#re Jeneasag e Glig@gﬁ’c_@h’éﬁdé&ﬁ@kﬁswéarmc@ctmnvermMe@sté@imétdfowing
steps.ﬂ’(% DAL ﬁ?e”&i?&o@%&ﬁﬁhh%ﬂ89@&%"%)6?%%%%%9}%&? anyme, such that
hydrogenated oligosaccharide-rich stream; (4) contacting the
at legfligwsne chatveddsh ettesranitradicdsidase, eheyrhe watesitezaan isomerized

oligogﬁkfﬁ{éi%-ﬁ'@ld%ﬁteﬁﬁﬁh (tf'f‘_trﬁ&%‘?&%éoﬂl‘?eﬁﬁg%ere&% l(ﬁ%ccharide-rich stream 1o

monosaccharides present in the stream are Covalently bonded to
prodigiigo SeetHargaseechtitilerichsssenharid esscannd(5) sedusihy it ridiotrofm that

OO e e o e o Al o Rell s
minop|igometsoll rorsasetiaidivligonedoeraposidohprodgesd dypddamich stream to
conv%gpqgﬂ‘?rg&r% tE‘FtBE"?S&%‘&PJHMQX therein to alcohols, thereby producing a
hydrogenated oligosaccharide-rich stream; (4) contacting the oligosaccharide-rich stream
with a glucosidase enzyme to create a reversion product such that at least some of any
residual monosaccharides present in the stream are covalently bonded to oligosaccharides or
other monosaccharides; and (5) reducing the color of the oligosaccharide-rich stream by
contacting it with activated carbon.

Another aspect of the invention is a process for preparing saccharide oligomers. The

saccharide oligomer composition produced by some embodiments of this process is primarily

digestion resistant. In other embodiment, the composition is primarily siowly digestible, The
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digestion resistant. In other embodiment, the composition is primarily
slowly digestible. The 3 5 process uses an aqueous feed composition that
comprises at least one monosaccharde or linear saccharide oligomer,

and that has a solids concentration of at least about 70% by weight. The

proc:BSREOMPARINRN SISO FEMABIAIE ol.al Ieant abAUL 405 A iSde or
contacted with at least one ga?a}yst At accelerates the rate ofr%:(feavage
Iinearopdormadon boghatosyd Hbaidbaor s titis sufficienttiwoaise fomsiationiol70% by
welg Qnilﬁée%reﬁagg%a%i i(?l%lqgrﬂrae rt%’flpfolo %%9”%5&{%@1 B?Slp?%sls? rogltugis,%ﬂ and is
that contains a |% er concentrafion of non=linear saccharide oligomers
contatieth irtbart seesharidecalidomers. incehe aeabibdimentodf thepwocesspthestion of
tleast ope catalyst is an enzyme that acceletates the rate of cleavage or
e R S A S e A R e e e s
prodyeastngrsitatalystisiaced dids hosemecifiadinentsofthbe pfaoesmacihccharide
. ~and 15 enzyme can be. used in sequence, with the feed composition first
oligo gl%éh tarrégz ed" v@ﬁﬁcgﬁrz%%%ﬁ%oﬁndﬁ %SUbsequently with acid, or vice versa.
Arothee aspeoci:ofdhie aiventioroissan gdibie teabiohydrateabempositiamzyme that
sometimes_ refetred to herein as. an oligosaccharide composition) that ..
wecel e L R By e e ebegpent of
the pthetsis Slowliceigestiblgdysesistanido Higestioarbychibethoiianptigestiveid and

system. This compaosition ca oduced by any of the above- descriped
e R o R ek T Rt ovme
and sphseqdeytisolids basisodvionesesabodiment, the edible carbohydrate

O e B O L e R e (merimes
stiéam has 4 solids content not IEs&than /0. percen]i 15 ARSI
refen(ed/mo) hardhaaeduciig ssigahatienhigexitioss dauivalept)sexpressedasount of
. D alucose, that is not less than 2 ercent m/im calculated an a dry . , ,
Ohgog%as?‘uﬁweigsoenrﬁbg i?r?tgr% of Sfﬁea%éo)tn&)%olgiﬁ%}r‘lv g{é? ggséﬁgs?ﬁé%lggga@ot digestion by
the lsymap digstifeosykbelinglteguiatipostimmarmihbe proboditnéntathe of the above-
ligpsaccharide,.rich stream has a soljds content not less tl(}@lg 70.0 .
dese T A B s B b 8 it on a dry
solidetyesimlent), expressed as D-glucose, 30 less than 20.0 percent m/m
calculated on a dr is. This embodiment can be classified as )
s e R SRR P B by @ process
whicinvbaticipisaniedidle datbehysiratescompdsitiondhancomprises tkamaod percent

MassAmas tm%ql dr Sglirdg’dgt?'%ic;s gxﬁa’zgcrc‘?ntg{t“@” ?rO% bé/ W\?ight'on a?r gd as D-
Sofi sr{)aswg %li}/cillnear R e 5P KRNI TE Olig SHEYS WHe IR ﬁg?e
glucemndentkatior b noa [Re@percent m/m calculated on a dry basis. This embodiment of
the composition can be classified as corn syrup under food labeling regulations. In another
embodiment, the oligosaccharide rich stream has a solids content not less than 70.0 percent
mass/mass (m/m), and reducing sugar content (dextrose equivalent), expressed as D-glucose,
less than 20.0 percent m/m caiculated on a dry basis. This embodiment can be classified as
maltodextrin under food labeling regulations.

Another aspect of the invention is an edible carbohydrate composition that comprises
2 major amount on & dry solids basis (i.e., greater than 50% by weight on a dry solids basis)
of linear and non-linear saccharide oligomers, wherein the concentration of non-linear
saccharide oligomers is greater than the concentration of linear saccharide oligomers. In

some embodiments of the invention, the concentration of non-linear saccharide oligomers in

the composition is at least twice as high as the concentration of linear saccharide oligomers.
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35 saccharide oligomers is greater than the concentration of linear

saccharide oligomers. In some embodiments of the invention, the

concentration of non-linear sacchariQf:- oligomers in the composition is at

least twice as high as the concentration of linear saccharide oligomers. 4

5 Anaifier,asnectofhe nventian in amethed of Rieparing & 1ad rofiich o

The method comprises providing a foo com%ogltlo Suitabl8 for
compasthimetidmeith &edriompdritiennsatisaial; dod comipimingrtheifbod carbohydrate
mater?ﬁﬁﬂgsfﬂmfgim qﬂ@%@%&%ﬁ%@ﬁ (%Ka\tr%?bo%% ‘%tlaﬁlf? o t@%ft Ic?rz?tlg \'{:vt|3¥n osition that

d [ t escribe hoth i

igestible or digéstion-resistant, as above: er aspecto

s slowe hgestifidnds didotidprossienthat dosmphiséstavedible 10 carbohydrate

copprasition as describe e, The food product can pe, for example, a ..
bread, cake,}?c%o%e, g?%&%%%éﬁ?uésedasn%gé é)gﬂél,wf?otz%gﬁ 8?3%%{6 rieatlill edible
carbofoidehtpasstapreitiont apdeatoprddboty gice roduct, pordupraduchewheatxampie, a
bread PIQEMCE gﬁigya gg ct rt, confection ,har(? candy..nutritignal bar
" reakiast cer’eaﬁ or g\}/&e?r%géésﬁlagﬁesgu aé%rzﬁgn eg?%ﬁé%fﬁ?/éé% %%ﬁ,%sea product,
potatfogaaprstuctés setedtat frommbakeduopdsyhis breadkfast ceisal,product, yogurt,
el aﬂ W8, 'g s(l. .. Ice.cream compound.coating, chocolate), dairy
won eprlggué?s, conc?é%:t%r?s%%}%%a%%%r’je icgcé{,%]gvceefgalégr %ﬁ%ﬁ%%eextruded and
sHeeted snacisneyelditndesserteorsthek sl robease ssiebtliefse baked foods,

break%gs\“.'%%?eﬁg.iméa?&gv%%ﬁﬁgslu el.% fil{‘gg ' ?r%u S’c 5 r%Bﬁﬂ Sca %%%S; g: %%%()}g. E’ dairy
creamers, icings, frostings,glaz€es, pet foo ,tOPtI S, mea Sha’fis ,_ariead
produfetit, dnfderttamd, toahde pdid ot lsasd battersandBiieas. ingsudedesedibibected snacks,
lt'ﬁ%@&@%&jr ition, which is someti referre to hergin as an

gela 1oligosacdh%gr%d&éo%%%rhn§1)%§ |%ra1f]t %é:%llegée Sﬁggg%t%@% dod’ %%&ﬁg @(?r o)1= A
syrupey snmes plirpeses, suehas, counpiets o partiakbsaplaoehent fidas, meat and fish,
dried SHgetener lids, or,as a source,of dietary fiber. Another ect of the
He inveﬁt?(g;ﬁﬁg;%n r%e%ﬂ%%%éf%g%tr%ﬂ%%b%%% d ﬁ%%%%#ngsma?nﬁf% %Qﬁf@?ﬁ?ﬁ hydrate
compipsitiodableitésis heenethoc: tomptisberfeedingntolihessoaimiidal eioagition, can be

Q{ogu deserihed above in various embodiments. BRIEF .
prese O O P o R . PR, ol s e opr st
replagamecshiboslirmemnef whiedpresent isentiof didtpuseldds a graph of the

di QQH}QQOfC, rtain saccharides in three dextrose,.30.compasitions used

in xamplesgéﬁaﬁﬁéc A igOr%ucI) % ﬁ%éocgéjtﬁ%?lo%hor}gt@r 3#;%%%%3’1%&@&!1‘“@
suffeimth & stadingetaatetints meskeatlinExansptefdedigure thismaagraph ofsbe product as
desc RTINS SRGENRLIgES in the products prepared

BRIEF DESCRIPTION OF THE DRAWING
Figure 1 1s process flow diagram of one embodiment of the present invention.

Figure 2 1s a graph of the distribution of certain saccharides in three dextrose

compositions used in Example 3.

Figure 3 is a graph of the distribution of certain saccharides in the starting materials

used in Example 4.

Figure 4 is a graph of the distribution of certain saccharides in the products prepared

by enzyme treatment in Example 4.

Figure 5 is a graph of the change over time in maltose and isomaltose concentrations

when a composition was treated with enzyme in Example 4,
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by enzyme treatment in Example 4. 35 Figure 5 is a graph of the change
over time in maltose and isomaltose concentrations when a composition
was treated with enzyme in Examples4. 5 5 Figure 6 is a graph of the

change in maltose concentration and Figure 7 is a graph of the change in

ispipaltase %ottasﬁttett?&%m Gﬂxtmatgsét%ﬂ% @fﬁt freaies t‘t“t‘éﬁh gtaph of

concentrations of enzyme in Example 4. Flgure IS a graph o
the clypgetimelfarhcencumyatisheroidertaifeacshayites Witetreated w1th different

conceﬁ&%f&?ﬁ'ﬂ?@n Jreate tgwﬁpnzyme in Example 4. 10 Figure 9is a
graph of the ¢ nge over time in the concentrations of certain

sgegh@n@ess\/\m@iaald|Rﬁéb0cmh$®tl@wmvasru®atedhwlttoemm@¢ns of certain
sacchmwﬁeﬂ g%s}gcﬁ @,&gre. e%f&n?ltegﬁ%gf 0ft§$%%8 Le on the

formation of cert in SaCCharI es as a result of enzyime treatment in
EXagnples iFigueeeph isfathraphaottheoetiediot temperatonecotrabions of certain

sacch&fé@?%r&) g ﬁﬁ[{@i‘ %ﬁ?&?%@%@%&@ﬁﬁ“@% e 19%;1%9@(@3

treatment in Examp e 5 Figure 12 is a graph comparing t anges in
sdoghegidé dtstatlﬁmglm wﬁéheaeﬁ@mpoétticmmasmeatedtbq doithatidgy of certain

Sacchgg&gygg Mggﬁe@fgé%? (—{: 2 shows.an analysis of a syrup treated with

acid'in Examp gure ows a c?’tch matographic analysis of a syrup
tréagaewlth acial m@kanfpréemf&ctilgﬁreezl@shm the thardgenatibload certain

sacohg}t&gsa% gonceniration in dogs after the g@&%ﬁ%‘ﬁ éter a composition of

the present invention or a m odextrln N OF SPECIFIC
EMBODIVENTS 23rdnecagpettooftiive gragsnt inventibaridea drodessdor when &

compdiAKiNG.a slo gddg LE[)‘; ol gig%%tet n-tesistant carbohydrate
acc aride

composition (e.g., oligomer compgsmon) that is suitable for
us}égﬂlﬁ)bash@mhnm&tmzand drsxivp testsdantbegéifokxeditie éstimate

th extent of carboh te estlo in humans, The."
R TP T 5 MR R
6. amounts of a carbohydrate mgredlent that are rapidly digestible, slowly

rl[x | estl ean Journ fC|LnIC | Nutritio
g‘%@ mgad{% éft?)ap ) p%%é% g%cggoc)mife HR 'he uaﬁ gr%%@ hey were
fed etﬁnat theoteposiiond? iseusedein albcoadrsenserllahndmonnclude

DESCRIPTION OF SPECIFIC EMBODIMENTS

One aspect of the present invention is a process for making a slowly digestible or
digestion-resistant carbohydrate composition (e.g., saccharide oligomer composition) that is
suitable for use in foods.

Both in vifro and in vivo tests can be performed to estimate the rate and extent of
carbohydrate digestion in humans. The “Englyst Assay” is an in vitro enzyme test that can be
used fo estimate the amounts of a carbohydrate ingredient that are rapidly digestible, slowly
digestible or resistant to digestion (European Journal of Clinical Nutrition (1992} Volume 46
(Suppl. 2), pages S33-S50).

It should be understood that the term “food” is used in a broad sense herein to include

a varlety of substances that can be ingested by humans, such as beverages and medicinal

capsules or tablets.
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a variety of substances that can be ingested by humans, such as
beverages and medicinal 35 capsules or tablets. 6 5 The terms
"oligosaccharides" and "saccharide gligomers" are used herein to refer to
saccharides comprising at least two saccharide units, for example
s%%h%%gs aving a degree of polymerization ("DP"), of abou %-30. For _
o R T Tt el g 16 efer 0
sacchimdentiomptivengqu donss tfee daoohzoositiontinfindesnatiteasiciongles having a degree
£ 0s CCPE (%a ar}ld t legs linear saccharide oli \er, angd,m
o P o oL ERLR T hy GBS aEGe R e oL
oligesarchabictswits mbke ip atteasthoutc/QYadnd weightsioa ditudes at Jeast
one rg(%l()dsgcg sis, of tf&ea{ gg com sition. Ithc, nerally helpful for the startmf;{(;everai of

material to have as Nigh a Concentration o OMBREEN S} BER S PURGS
each. idmorder terses axionizeathbayietd afdhei desiretnligemélisnAkhigh salids about 70%

concentration tends to drive the .equilibrium fram hydrolysis, toward :
oy Weég{}r}d%ﬂn%a 'o%oéﬁes\%%so%iﬁﬁegggyc%?} uscyilr?é}h(i1 hseg%ﬁi}@k%ﬁ@%’f&? starting
matenprbdudisvd herdigre theomatetretotentfofrienstactiag deaterialdssiieferablyder to
. relatively.low. For example,.in certain embodiments, the feed composition
e R S5 o h. g Colr e o e
equilibometifnes dlydrelisiteddversin@addssiibm Somersiasss tbe:feegroducing higher
camposition camprises abput 75 - 90% solids by.weight, which will , .
mole T NG he apleciahte BF & ISeoHe SRS O dHIPBOWERI AL aBFras

relatiteip pevatiice. c26nkptanplestafnseitabliéstattinthearfatdriaim ncitide, doutiaies at least
limited to, syrups. n . hydralysis of starch, such as dextrase .
o R B PR AR U R 2 46 In
somenenohydrdtedcryshatidataniopitred exitsey Syr oS, GRS Py aRs:, which will
sﬂlutionst of maltodextr;g.1 If.the feed compgsition comprises maltodextrin,

generglly S10& U ABRESANR Yath RS US SV RIS P RRRS B h R B S TREHARY

méltachpkérinfteufoiic atiyiiiglyzec sacohaitle solutioRoahshteneenFaiRGnade by

the.h lyzed hari lution to at least about 70% dry solids to form
R LM SOACE AP 1 L ABEHG ) TG Eehor o

dextrodthrtivedntibyst aamaticeutosinoltanentstysersthamsoreentsating aan osdons of
malt (parei:())({rgg contacting the feed composition with the catalyst. 30 The feed
composition is contacted with the at least one catalyst for a period of time

t_hé.f ¢an m.dﬁmmﬁmsgﬁnﬁﬂBdSOMahﬁﬁmiodxwin@eﬁ |©@ﬁbﬁ:§1gu'[c_an also
e LS RS FRRATSTR  n Befed pmeesin
and cempotitientse Sydrtéy cantactingitimeswam be adesswitiout 70% dry solids to form
the feed composition. The concentrating and the contacting of the feed with the catalyst can
occur simultaneously, or the concentrating can occur prior to contacting the feed composition
with the catalyst.

The feed composition is contacted with the at least one catalyst for a period of time
that can vary. In some cases, the contacting period will be at least about five hours. In some
embodiments of the invention, the feed composition is contacted with the at least one catalyst
for about 15-100 hours. In other embodiments, shorter contacting times can be used with
higher temperatures, in some cases even less than one hour,

In one embodiment of the invention, enzymatic reversion is used to produce nonlinear

oligosaccharides. The enzyme can be, for example, one that accelerates the rate of cleavage

of alpha 1-2, 1-3, 1-4, or 1-6 glucosyl bonds to form dextrose residues. One suitabie example
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higher temperatures, in some cases even less than one hour. 35 In one
embodiment of the invention, enzymatic reversion is used to produce
nonlinear oligosaccharides. The enzyme can be, for example, one that
accelerates the rate of cleavage of alpha 1-2, 1-3, 1-4, or 1- 6 glucosyl

15 a gﬁ%gﬂﬁ}t%g %@r%%c%%r% su%rfeas? udtggggrgé(r%mple%g %! cozﬁgposmon that is

glucoamylase enzyme posmon slich as a' commercial’ enzy
denongpatgsbsitiog thavisytrsaoisiateld bs axg!cnsamﬁyl%euﬂlwmﬁq:d&etmn can contain

some gﬁ%y{t%t%?grf%?&ﬁ%ygﬂlgﬁ%n posm rﬂ}é:ganmc ntaln % 0%[% %e assum ed that it

mes ot an pure g oarﬁy ase e assum
15 Inthiatit Euwmylglfbecommlflaﬁeﬂteeifaﬁl}absam@/z@eﬂimidesmﬂtmeduﬁ’tlamnlinear
Ohc,osgégglgﬂlangar oligosaccharides. 10 Therefore, the feed composition can be
contacted with glucoamylase or any other enzyme that acts on dextrose

Mﬂs&ﬂ"ﬁﬁn@ deeduntrop @zymencapes uitatalytdab whio uti Ocbania% by any other

& e fe dcom osition. Jn some embodiments of the ess the . .
i e st S e S e T e R

2.5% \wjtrytherenayrihe, foei cemmmseslabwhwmﬁﬁﬁinhhth|sftémpenaaasethe feed

endln (6] _the te nt, 15 material will become uid, o
comp R R e et % Qe or in
some mamgutabedtt@@istﬁﬁt@e thoe ehuzymepEmuuea@i@emMgune |§1mmamadatt, the
maerfieAASKe emparate forthe (e necessan (g achieve e depire

~ degree of reversion to’no aIlnear Bligomera i Some Smbddifints o HEacion
mixiuproceshethsiferd ccongiesition isisoftactethwitntiymenzylie fosaboutnixture is

rto |nact|va on,of the 20 enz me or in so sSes
{
main g@out%g lgg ﬁogrs pP 10r to mactfvgt%(l)rﬁe ec n|q es of zFﬁg%va%}a jed (Pegree of
reveraydmccbam;daémaae wildmewn ifthedfietd. Adtestatively, m‘steadp@t)cess the feed

ti it b b filtrat d
o QNG DAY Lsp S epaeg e st .

enzyrxmg@sanmmessesuﬁbr abisomédidse hdtus prostuct caropasitian crmam@ns for

he concentratlon of non-linear e oligomers th ear
macug%%%‘hgr}l e Ebrf]ﬁomers I g&rﬁ@%é%s% %é%g ?%%FB?’(B’ gﬁ ﬁ%%%ﬁéﬁnaawaung
the ergaocharice bligemensihithenfimdl menfiosition dsdideastdwice as high as

thehconcepltratlon ofllqear accharide oh% ers Gastroi testlna

enzfn{ggureaﬁllglo% ogn%re and’ dlg%stcé}a{lr aélroeﬁe% Whith¥he 1gosacchandes

such eexpossiomits B limkeédcalphap(bitid) Ctinean? linkages koneplaeing tfesen-linear
swnh 3 alternative linka es ha 1- >3) alpha .

Sacc}léﬁ\l%%n%l (AP Tk géle% SF 52 aﬂfaﬁ]kage§ BBk ambid) s gre%ﬁ(F fé?gfu Qi gation of

non-igsilityafchastiointestinatsenzyimefing digestidwaibohydatetwice as high as the

concentration of linear saccharide oligomers.

Gastrointestinal enzymes readily recognize and digest carbohydrates in which the
dextrose units are linked alpha (1->4) (“linear” linkages). Replacing these linkages with
alternative linkages (alpha (1->3), alpha (1->6) (“non-linear” linkages) or beta linkages, for
example) greatly reduces the ability of gastrointestinal enzymes to digest the carbohydrate.
This will allow the carbohydrates o pass on into the small intestines largely unchanged.

In some cases, the product composition comprises 2 minor amount (i.e., less than 50
wt % on a dry solids basis, and usually a much lower concentration) of residual
monosaccharides. The process can include the additional step of removing at least some of
the residual monosaccharides (and optionally other species as well) from the product

composition by membrane filtration, chromatographic fractionation, or digestion via
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This will allow the carbohydrates to pass on into the small intestines
largely unchanged. In some cases, the product composition comprises a
minor amount (i.e., less than 50 wt % on a dry solids basis, and usually a
much lower concentration) of residual 35 monosaccharides, The process

fermeg@fidaclude theadditionalstepeiRuyngatieashsemeaiobine reeidudlsreams,

monosaccharides (and optionally other species as well? from the product
for e siibrBy I rah e RItHRTEN O h RSFRatSYiiibhic Hisetdhation bf separated

mono$HEaRiRI Y iABhS LHBRAMIO helRESEpRASE sponosaccharides can be
combined with other process streams, for example for production of

dSRPERE SRR ARErHEVERP the S dparatednmhdRydaee msitiasvgaion of
monofRdReyaied ke hefeed:campPsitiae. Anathar embedimentofdh@ respect to the

invention is a process that involves acid reversion of monosaccharides.

ENZYIRS KEEHOHIY FRABIRSERS the Earss ol sddrilsen Bpavedw i fedpirdrpciieric acid,

sulfurkO fAZY MR VSKSIan afithe Processmifaraliethokacids,canke Bseddptehas s the
hydrochloric acid, sulfuric acid, phosphoric acid, or a combination thereof.

procetyy githdsidistiimiris et trnptYtasinpicr teuiér i fegnake the pH of the

feed CRMBOSIIRMINRLRMOURLEUHICIERE 18 MAke e-PHelhg J88dutficient to make
composition no greater than about 4, or in some cases, in an amount

the pId, pfidheries Arareo e hEPBH i fedd e npRRTiGR abbutl SPmp Snbpdisetits. the
solidsleBrdduditioanae ehdimentssihe 1 selids songentrationofthefeedd added 1o

composition is about 70-90%, the amount of acid added to the feed is

the Tegotit §19896 0875500 (wihvy deidrsonaislorrdii SR senadyamelidhe fidd the feed
compBORROSitian: ifMRintainedALALeRETalME ohakrat d0GAUING G with the

.. contacting with the acid. As in the enzyme version of the process, the ~
acid. rdgcliothe SRANTBN Y FPO e ThsimBerrse attnieastiffcrmdig Proairca siigained for a

time SlEBERGOOOMEES: WRIABIR-8URERBROAIMRAAIINE BIRCESRAR WHERE rocess

___about 4-24 hours. In one particui:ar embodiment, the solids concentration
will bgrapiitdedidiHposition is at least about 80% by weight, acid is added to

the\fege sMBORIIGRHRARAM AWt SHAICISRE LA IIRKE &P Of Menposition is at
composition about 1.8, and the feed composition is maintained at a

least ERIPEt Aty or siellaeidbis d8et fothansad aomnesilieranenitamesttastlgient to
makeMitR e a¢idh23dmanethar faticular %b%r@gé@é&%g&lﬂgén is maintained at a

concentration of the feed composition is about 90-100% by weight, and

tempertEef dbiapt st Rlrkdiitahed i fmperitnié brartessd wibahe acid.
141%@:(@@@?}33%@95&”&9b%diﬁ=éﬂﬂi%%%l%ﬁéﬁ&ﬁ@ﬁﬁ@ﬁtgﬁtﬂéﬂf‘b%?c@ﬁi%osition is

The acid used to treat the feed can be a combination of phosphoric aci
aboutafls KRN it hGitn i thEed sRTBRaEentatHR e Aise i mpeneyrrof at least

abouON®RATEHEN eRbadiment. the GaRIRLHNGAf I8 contacted with the acid. The acid

used to treat the feed can be a combination of phosphoric acid and hydrochloric acid (at the
same concentrations discussed above). In one particular embodiment, the contacting of the
feed composition with the acid takes place in a continuous pipe/flow through reactor.

By far the most plentiful glycosidic linkage in starch is the alpha-1,4 linkage, and this
is the linkage most commonly broken during acid hydrolysis of starch. But acid-catalyzed
reversion (condensation) can take place between any two hydroxyl groups, and, given the
large variety of combinations and geometries available, the probability of an alpha-1,4
linkage being formed is relatively small. The human digestive system contains alpha

amylases which readily digest the alpha-1,4 linkages of starch and comn syrups. Replacing
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30 feed composition with the acid takes place in a continuous pipe/flow
through reactor. By far the most plentiful glycosidic linkage in starch is the
alpha-1,4 linkage, and this is the linkpge most commonly broken during
acid hydrolysis of starch. But acid-catalyzed reversion (condensation) can

these [BRQIIACARSHNGER: ARYMNURHY BYLALOURS, ANfle SVRRNEAIE VARIEH W the
of combinations and geometries available, the Erobablllty of an alpha-1,4

ProdugeqiRREETEHY PR ewas ialasiiray realy pesan digestive system
C%@i@&@f@%eamyﬁ%@ﬁdﬂpi%sﬁﬂ%’ digest. e alphasld Inkages-0ls o be

starch and corn syrups. Replacing 9 5 these linkages with linkages

some iz diigrisE bR cioimes it dreRgasive $ystehshvitiedl| Bt thee g aisbratpl yzed
condeR@gRHIQUENCS hgismallintestinesargelynchanged. The %m%}ig“ﬁ than

distributions resulting from acid treatment are believed to be somew

CNZYIRGFRIASHE AN B RS P ther tfeatnsen digsstibdtieved that these .
aqigdcatplzedniandansation Bqﬁg%ﬁw{ﬁg{e éﬁ%{@%?&@g&ﬁle E%ﬁes rapidly

enzymes in the humangut than 10 enzyme-produced products, and .
hydrofyas digfancdizamestipie. R aciarearelngroghssseerditfdrenty wign acid the

reduc@@ﬁxmﬁ%@?gn@&hé@éﬂ@%rﬁﬂ@%&%@@%gﬁ@?@ﬁfg&%@%%@cﬁn& comparable

slowly form non-linear oligomers, whereas with acid the reduction in
rates. |ie @ ARG dASTRRRY AR GHCrBR e eHdide draligiermérelmeouerat and consumed

slowlSOMPRRPIe FRIeS RSUASE i%lf&m&%i rae id%l%@&”@ﬂé%iﬂ% hYAHPIVER Ofextrose

oligomers, and consumed 15 slowly as non-linear condensation products
conceytRfGHh EMIGERRFBKIWIth acid dextrose concentrations increase slowly.

Optinalivy SRRYIAIE Of A5 GYCLAION,CRL, PEf ﬂ\éf&gdbxg%%f&grgé}%%%: The

The hydrogenated product should have lower caloric contént tha .
hydroggpaserly pipamableshieyditodenateld srirclsaigtrolyoatest Inhene currently available

hydrc@RRRRMing Rty tagdwﬁlg%%naﬁ'&?%&@%%&aﬁ&%ﬁ%’ %&W&?%&ﬁ*&& B&??E;’

St : . ) eét sed o
composition without 'substantially changing its dextrose equivalence 31
decolpighthgargiencorarerpritessyidhpynutamitelly chanrtmngsed deduentiaiyyzlence
(DE)In any order. For example, the at least one catalyst used in the first
treatment can be enzyme, and the product composition can be _
sUBsEsUEHEtY Eohtae R With erraiel thdteatt shrbtesstdessgteniady, in any order.

[ - Al ' least
For e‘k@ﬁ%@%f dpnmation ot gcasylbonds:A ﬁ{é?atgﬁﬁ%eﬁqec%fg%n%‘r%e, and the

catalyst used in the first treatment can be acid, e pro

Prodush FEBRIGH BT bESEREEqUeHily Curiasttddvilthuapcahtyhedtterates the rate of
cleavBeCBleraiea e rieQfclaayags onfprmation;of glugo ?&&gﬂg%a%ﬂagwlggd in the

embodiment of the process in which acid treatment is used first,
first pgRent can be acid, and the product composition can be subsequently contacted with

an enzyme that accelerates the rate of cleavage or formation of glucosyl bonds.

In an embodiment of the process in which acid treatment is used first, followed by an
enzyme treatment, the acid can be phosphoric acid, hydrochloric acid, or a combination
thereof. In this embodiment, after being contacted with the enzyme, the composition can be
contacted with an ion exchange resin. After being contacted with the ion exchange resin, the
concentration in the composition of saccharide oligomers having a degree of polymerization
of at least three can be at least about 50% by weight on a dry solids basis.

The product composition produced by the treatment with acid, enzyme, or both, has
an increased concentration on a dry solids basis of non-linear saccharide oligomers. In some
cases, the conceniration of non-linear saccharide oligomers having a degree of

polymerization of at least three (DP3+) in the product composition is at least about 20%, at
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enzyme treatment, the acid can be phosphoric acid, hydrochloric acid, or

a combination 30 thereof. In this embodiment, after being contacted with

the enzyme, the composition can bg gontacted with an ion exchange

resin. After being contacted with the ion exchange resin, the
least R0CSMEAA0RAR e compositigmofsaschaeige, glisomers having 4891%S:s. n

of polymerization of at least three can be at least about 50% by weight on
some éﬂahﬁéﬁrr%ﬁSbééﬁsWHéﬂm@@@et ebrpadinen prshesdeby tserawatinethe product
compd¥iiibAcidy B2y S OL DR 1as 320 IRCHEAP BRI GRACSRIIRUIARCN: B ANy,

solids basis of non-linear saccharide oligomers. In some cases, the
comeehfatiHar pRRHEsnSdbeharrrIBIGOmer s dTalinRpasdegrstiopligomers in
the prRAMNEnzANOm A At Ieastires R Reb) 8. nG pradugt comPasHen DA and the
least about 20%, at 10 5 least about 25%, at least about 30%, or at least
conceRBHIREONE HYANeRsHt Ghaadrpsalids Yakiswmdowe fnb odiidebasisthe
cang j inear | li ers.in. the 0
e D IR REHES Lo than 0%
Welg%méfw@b%msm onepaRhUlarembusidwahtne swsberideationnsionally,
at leafQRHIBSRTRACCRANIEQINAMELS . INE RIQIHGE @%Sg.’a?xnblg‘ ableash ffrom the
~about 90% by weight on a dry solids basis, and the 10 concentration o
oligomgpridroeeaisnie _Ié‘é@tl%W?@%Tﬁme@mmht@gmylé@ﬁdgabﬁma Thdigestion via
fermcRIREUEL SRMRORIOR wilLoften contain spme Auantly dypically 1SS AR 1 s
50% by weight on a dry solids basis, and ofteri much less) of residual
way, %ﬁlﬁﬁgéh%mﬁgp@p%ﬁwﬁa@ ledvicboramofand raditues
meRoSAeehAdRs (Qnd PIISkSRACESHE: 5?&5*&%3&@&%@% 18 can be used in
oligomers (for example by membrane filtration, c romatograpehlc
foodsdeparsrrsh dttalig dthion Jiee 15 ansmrisationy tard theamoniogadttvarickbarides that
: led i r S f Inthi | [
e e e ommerad o Nt e oo Sl e et B
least spfuprpraabeddblikesproddssebdddchibdizhbrdimuanididusethinidgodstestine,
Whic}f)%wgiﬁéﬁea&l&@ﬂéﬂ&? bl PESYE e%?&é%kﬂ?lﬁ%%%&%”&%ﬁ&i?ﬂ&%s_of the invention,

igosaccharides that have both fow viscosity and low glycemic index.

at leaglagBpwf MEsdpliyeiakrSwill domistide 2880 lefadtonerAott-alphpesidon is slowly

diges{ﬁ;h@ge. They should be highly fermentable in the large intestine, which
give them added health benefits as prebiotics. In some embodiments of
théhaveneibeial affeestodisdisosoriitsydweigiit etara Bhpsbiivs tvasisof theumented.
sugaP sl comapslion iaslondy idiarstibley Fhebeosfiraletagtaploe in the large

oligosaccharides as dietary fiber have been well document

intestglgybaversatashesist Widestor it dentinitestne bandre fententgbtbdtesterol,

atten{BERIG6, ANIERING Nave Dasn AhoYLIR AR SRy §Iahpeneficial effects,

such as reducing cholesterol,
Figure 1 shows one embodiment of a process which can make use of the reversion

technique described above. The process can begin with a starch, for example a vegetable
starch. Conventional corn starch is one suitabie example. The process will generally operate
more efficiently if the beginning starch has a relatively high purity. In one embodiment, the
high purity starch contains less than 0.5% protein on a drjf solids basis. Although some of the
following discussion focuses on corn, it should be understood that the present invention is
also applicable to starches derived from other sources, such as potato and wheat, among
others,

As shown mn Figure 1, the starch 10 can have acid 12 added to it and can then be

gelatinized 14 in a starch cooker, for example in a jet cooker in which starch granules are
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attenuating blood dextrose, and maintaining gastrointestinal health. Figure
1 shows one embodiment of a process which can make use of the
reversion technique described above. The process can begin with a
starch, for example a vegetable 30 starch. Conventional corn starch is
conta 908 SHableLxample  TheoRaces Ml denelal ARiale AT EMEIPIY e
[If the beginning starch has a relatively high purity. In one’embodiment, the
of 3.3 hyregslitinn stavel eontaidsttassitiamusdorpibteirroniaadis sotitks bagibeld at 149
o 152 euahsame-al e Jfallawing dlsaliprion f%&%%ﬁ%ggg@a@tﬁcﬁhm Rfrolyzed

understood thatt e present invention is also appll eto starches
18 bydernasyriréimeothel dewlrdempstrshraslputsmoca g wirsat, Bimdngrassothedsces the

mole%?a?%%tigﬁ@%ﬁéh%%@ﬁ%%@%&@%@@?ﬁgﬂ%ﬁ%@ ed &%&@g&ﬁﬁ{h@s and

_then be "gelatinized 14 in a’starch cooker, for e a jet cooker In
oligoggpsarstarch trakorescaiieon] Beontatietdvahosteaieel teone vigsioncbarides” is
4 Hheprage YoRiuistgd >y, addition of
e e apidly e i T B S Ry B 198 Qe
sacchagdech@onete dos ) fopd ymiptresdn 1Bl dihebde gélatinizedtstarore Bgent 20,

such & @yﬁméﬁﬂoﬁéé’%a‘m}@ %gugc{?o%b%acﬁ '&Qé%%&%{%gﬁreaﬁéj{h%% Jt% cma‘xposition

cooking. The hydrolysis reduces the "molecular weight of the starch an
can igehietagesapinawasddebrermagetofanonvghoeharddgstimdntPme 22. Suijtable

enzyQH99sAGADATIGES é&gﬂ&s&mﬁg%ﬁég@ﬁn% R AR I Lo AL (A —

_ "oligosaccharides™ Is used herein to refer to saccharides comprising at
This |eagymed sduetatices uhnghéor exspsle Sacchardssdravifigreodespedatdes and

oligoPRMMEHZALIANLRR) &fe%%g}é;gieé ) Al“ﬂ?%@ll!eﬁm%ﬁ%%e&tt%g’hf&ﬂ—gqf%egnbyh%cid and

sodium carbonate, can be to stop the acid hydrolysis,an
enzyperpositionsdandseantivahelsipulymeniz set24abi cd ntactimgtivwitin &e isomerized
to chilysralytic enzy » [tabl %eﬂ% sinclude alpha amylases such
°e asgrerma(r)n)glé, v%%%ﬁ%fg%\%ﬂab g}fr}ém %]v?gzlfllr%g%?% gl)sci?lcfﬁﬁgattl%n o fitetose.
hy&kelysisshathieedncrempesitiis péfcentagetbbmomosacctiaddedoandxample by
nrofRig hajides bresentin ifian, erall result of the . .
° Olhyd o@@% by ac?’cfg and? e%z}r%%%%%@rﬁéﬁlﬁ%%@gc Hé]?llﬁfv o Starc &a}hsémulate’d
moviggduttariedBorposaioarepiny edseinerizesb igicharigeitivd saccharides is pumped
th nosagcchafde prafile,f X2 pl Q.Ingrease the cancentratiqn of .
o ructose. Zoagﬁgdsg@ﬁ]éerfg%? c§r%1p?s% on é%%cgrﬁ % %rﬁgbeem f)%arllffle%l,l' or the resin,
someegariglsdyhendemattsarephitifrdetiorration @8. srongyembboanient tiratrded flow

oroSDBIRS Sl g P IS SN SO
{ractihedi anitrragivibeadss Bependihthonhdredneinicalimatofenfitradsindes, such as
dextﬁr?)gg%léa; Fﬁ(&:&\/@@&?“?ﬁ&? Sfljuné%rs%mc%hs ﬁ el%inazrln %%%n%% eng%yslgc%dian%éga%l. The
fractionation also produces a raffinate stream 32 (Le., faster moving compenents through the
resin bed) that has a relatively high concentration of oligoesaccharides (e.g., about 5 - 15 %
oligosaccharides on a dry solids basis {d.s.b.}) and also contains a smalier concentration of
monosaccharides such as dextrose and fructose. Although the term “stream” is used herein to
describe certain parts of the process, it should be understood that the process of the present
invention is not limited {0 continuous operation. The process can also be performed in batch
or semi-batch mode.

The raffinate 32 can be further fractionated by membrane filiration 34, for example by
nanofiliration, optionally with diafiltration. For example, these filtration steps can be

performed using a Desal DK spiral wound nanofiltration cartridge at about 500 psi of
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25 through the resin compared to saccharides that interact with the resin
more weakly. This fractionation can produce one stream 30 that has a
high content of monosaccharides, syieh as dextrose and fructose. High
fructose corn syrup is an example of such a stream. The fractionation

pressuflSEnRradueesss mifinale SireAm S%MhBerASer MAVING CAMRANGREribed in step

through the resin bed) that has a relatively high concentration of
34 coyrbanbermarirarl gy PAFEAR S BSINBR S HGBSHEERaiRs neLoBTPSGI IS MB).
The RARISAASRALARA AlRAcANRINSASMARS FONCRBHANOMES that pass through the
monosaccharides such as dextrose and fructose. Although the term
membafehli el GeERRErI RATHE SOAbRSeerzIN fsarens e ptocel’ (st ruigonents
rejectg@ﬂénﬂ@%@ﬁgréﬂ@} &hﬁeﬂ@&%ﬁ?ﬁé@‘s@ﬁﬁ%ﬁ'ﬁ?'Hh&,}%%%%%ﬂdésﬂ t‘b@#‘ﬁ%ﬁﬂp‘ as used

. continuous operation. The process can alsd be performed in batch or
hereinsgipatsalelt Mo geMBssTikE raffitRits B2ocanbitulinied feretionsatethiy of any other

compSReMIAne filiration 34101 exampleRy.naggfilation, apiianallywithe monomer

diafiltration. For example, these filtration steps can be performed using a

streanpEd &7 BKDsgr EPHO e FRRGHINatiDre CeTReeE & AbWUeS00hssidsfich gream and
the re{%ﬁﬁwﬁaﬁ%@i é@ahﬁ%@?%ﬂs&%ﬁﬂ“%a&ﬁé%%a&ﬂé %a;[gﬁ&rﬁ%pf@@ﬁ%é%rates

2

described in step 34 could also be accomplished by sequential simulate
the oligesanepedee hrohraiograbyS §¥B)oMisecaenissainefiltnstiosaitotiladee to the
nanoffiREImMeats 36 (i.e., components that pass through the membrane) which
comprises primarily monosaccharides, and a retentate 38 (i.e.,

céﬂapéﬁ@ﬁt@téréﬁec&@@bméﬁw@m&hﬁé)awmtplmmgiprmmyfto, can have a
sufﬁc?él&ﬂrsﬁ? RS Q)P H%E’%Eﬁa&iﬂé?q&q Q@%‘l@\%ﬂ}?{aﬁ@egﬁpg%ﬁﬁ at least about

composition contains more of the listed compone an of any dther
30% bprgtaie st oh.a0t iy soldshsisl) The pbrmicditsBeockat becsormbidgddwitsimply

evap&%"?e@?@?f@gﬁcéﬁgﬁéﬁ §\Qn.( Gnai@0d ré!?%%‘?n%%@i&%”ﬁ@fbl&? pﬁ%@@éﬁ 5 many

a_mo_nosaccharide-rich'str am and the retentate is an .
cases oligudhberade-iichishuarnaesoener noifsthiechamefiltietiofuch purification can

incluGOBEENUF RS BeRligoRaes @Pe%?'”@ﬁ}{&igﬂ;ﬂg G IN& four gﬁ% é)axriﬁcaiion

monosaccharides in the permeate, relative to'the “15 nanofiltrati
steps Fie +étetitatadgd whickeramibesddsthibed as andsligosadbiiarde syrprd@f these

steps %BGIB%%%?&dsfﬁfﬁ% ggels'ggh content of oligosaccharides_ that are slowly
digestible (e.g., at least about 50% by weight d.s.b., or in some cases at

leddanbEeevssB thaditeantise ket wdsimplyobvndordietiton 42, such as a
memGRRACERIAIRH SYIURARdIHSed 5,87 IARdians N iP008, HOWEVSE 1P IDANY, me of

20 cases, it will be usetul to further process and purify this composition. .
the reyidhapupficatiarbaifdnciigs ore BRaese ahthedfolliwing Steiyeble nanofiltration

condi@tlmoé}g:h eﬁlgp&léﬂ% afg Y &lfﬁ;‘é@ Yl %%tl Oﬁhﬁt%gﬁo%&réltﬁmd' ro%ﬂg.e%Sa %Sérmeate,
alternatives, it should be understood that two or more of thes

which is a second monosaccharide-rich stream, which can be combined with the monomer

stream 30. Alfernatively, the further fractionation 42 could be done by chromatographic

separation, for example, by simulated mixed-bed chromatography.

The syrup 41 can be 1somerized 44 by contacting it with an enzyvme such as dextrose
isomerase. This will convert at least some of the residual dextrose present into fructose,
which may be more valuable in certain situations.

As mentioned above, the syrup can be treated with an enzyme or acid to cause
reversion or repolymerization 46, in which at least some of the monosaccharides that are still

present are covalently bonded to other monosaccharides or to oligosaccharides, thereby

reducing the residual monomer content of the syrup even further. Suitable enzymes for use In
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steps could be used in the process.) The oligomers syrup 40 can be

subjected to another fractionation 42, such as a 25 membrane filtration,

for example a second nanofiltration,lig order to remove at least some of

the residual monosaccharides, such as fructose and dextrose. Suitable
this afiltigiio 189%‘?&9955 asqlgheoatéipggﬁnf are as described above., This

' SJ!ri%oﬁltratiorn\gpro uces a permeate, \A%ﬁ:é’isggugg%rgﬁglse’ ransghucosidase, and
pullulpesmsdetingide aetisteansywhichivan betohibiredanstbrthprodonemeénr  some
apnlicittgam 30. Alternatively, the further fractionation 42 could be done by
ppi : . . : .

chromatographic 30 separation, for example, by simulated mixed-bed

chilemayograghy . bEhé ginegsuiedard Shedsommsrizediddehyt contectiigdbwithsidual
monc QLANAIE SUE0 A3 dxARE, Inpmmgtase T1is WiLEOnVlL Atleast same Oy,

the residual dextrose present into fructosg;” whic mayebe Mmore valuab
hydrogeretitain sinsduitdsinAbenentioned: ablleyihelsyipicant bedeeately Withthe final
p”‘iﬁ%igﬂy e or acid to cause 35 re_ve_rsion or repo_lymerization 46, in which

at least some of the monosaccharides that are still present are covalently

bdigerttifiother gnorosavghdfides dsdedoligasacoharidesyfttisretbpve purification
tens CQUSING fheresidual omer content of the syrup even further. Suitable. -
SHeps enzymes for use in f@h@%%%ﬁ rllr%%%ré %?ﬂc%%é:%%e\éygﬂ% ¥%%n5r¥1\]§/%§1§15?“ ated
carboy| (dbamsdlasepicarigocosidasexang pullulemaseidGe lldaseyserymesupayreams

rody g@lt{ Iﬁ‘ eversion pr ts for,some lications, The,syru )
cagngb(gr%ydro%%n%tedc 4 tongoﬁﬁ/%r a‘f\?e%slgg%nmﬁeglgfa%yartggdﬁ%ﬁb% t achieve
decolpmabeaccharidemiorinel cdigespormying aleohints (& gvipotardeit déxtkoseple to

t [ hydrogenation is.included in the process, it will, .
bout 9 g %n % el . ,
o B e s R S5t igh coment
of olighgumisrsizaue 49 prodectdibPricbor wioke of, thedalhoserplinficaton greater than
950,,S1eRs, can then ecolorized 50. Decolorization can be done by . :

T o e er it R s Bl Ay
of sagohtindousviioly systeviosylsyrup streamithycaizbapuimpetithensghf not totally
ndic l n Ii!”ed with granular activated carbon to achieve decolorization. . . .
g echiotzaur STgomer Syasp AT er B B S B foP AaaTgler e &
degretoo bpolyhgreatamtbafoaboupZe%rdry solids (d.s.), giving a product that

c r'sggahi h.content aof oligosac harides\ée. ., qreater than 90% by .

W B ARG T S TanC AL By Batoy IRare G5y, Bgy of the maltdke in the
feed euhespotidinghntowemaosacoharide cobtent.if Heeprdidueicopapdisgssaeam. For
exam PN A AL SRGChAdes WIS, S SR QLI SpMPISIR Y F198SIR ey

umans, It not totally
operating at less than 500 psi pressure can be used to increase the amount of maliose in

monomer-rich streams.

The product is suitable as an ingredient for foods, and is slowly digestible or resistant
to digestion by the human digestive system. As mentioned above, some components of the
product can be substantially entirely indigestible in the human stomach and small intestine.
Depending on the starch source used, the product can be classified in some embodiments as
corn syrup or wheat syrup, as those terms are used in food labeling. In cases where more
open pore sizes are used in nanofiltration, a higher molecular weight oligomer syrup product
classified as a maltodextrin can be obtained.

The oligosaccharide-containing syrup produced by the process can be added to foods
as replacement or suppiement for conventional carbohydrates. Thus, another aspect of the

nvention is a food product that comprises a carbohydrate composition that comprises a major
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indigestible. These sugars can include isomaltose, panose and branched

oligomers having a degree of polymerization of four or greater. The

process conditions can be modified {g recover the majority of the maltose

in the feed either in the monomer-rich streams (30, 36) or in the oligomer
amouRf QRUE! SYeamaf ¥hsE> Sxamale.ananofiation, mermpRrang with.a slightly,

more op%té pore size, such as Desal DL, operating at%aés tﬁgfx\ﬁé%%’p{é%el;yn ¢
CONCEHEEKI @ ChPPhENgRR sRas hatrsagbate e sugtestem ditosthincanosrdraérsrich linear
saccnfBOM HIEPrashictas siaieasan aredient o {ade And %810 inciude

digestible or resistant to digestion by the human digestive system.

Procegightiid atsbvas Sume.coriporranisief, tiwaderprodiridicdnsbecks. soups, frozen
dessepeDBRAtAIMENtIal ndigeatible,in the fuman §£§:§?&5\1 d g‘(gpr?llgreoducts, wheat

intestine. Depending on the starch source use produét can
produglas SiEd posome enbbtintentswisnesitssheup omdfrsansyritiopaistimsereaiiast

cereal€ IS ¥& HSEL:IN food 1abeling 1N SRS8S; Ol6: QPN ROTE Sizes.are.
used in‘nano%ltsration, a higher %ole@%arﬁ\(/g;%{lgt%%oos%ggl ?&?ﬁps‘é’}%%&"@ ﬁav .
lowerghveqiae raspansrliowsk it can v dhtaimdd 086 MHecemic load than & similar food

pmdaale'99%@999ar&%%afemiai%&M@{&dyﬁda%@ne [0GESS &%'a.hb% arq%%dbecause
to foods as replacement or supp ement?or conventional carbo ydl#a es.

at le%%?%tﬁﬁméﬁ%iﬁﬁé@ft@ﬁﬂfbﬂsiﬁrﬁemistésmbgif:m@ﬁtﬂvcnmwddlmmisegeamt or are
not dERanyd @t‘?ncﬁip%%?ﬁ%ns{&%%gﬁ@pgﬁ%%g?%g%e1?11@50%{'88”rg:tc)% er%]%%ythe food

solids basis of linear and non-linear sacc igomers, wherein
prodgs iicedtietfon kg ine alssacehatide loligobhedscismyrBater than the

congeniration,of Qﬁﬁﬂ& SRS [ i I ecific. examples of foods .. .
_ in Whiché?he syrSp can be ‘"ﬁse%t igirlﬁéjqe{%%lr%?ggi%ﬁgcg E%ﬁcﬁﬁagsagr%%g? gredient
in fopdpsadedipkivs, tratkears lesarubed baacksestups), frofem desgestsjdsiedn either

form [00dg, B@%@e@ﬁﬂ%‘ﬁ(ﬁnf)@@o@d\?{@g“%’ HGERY %‘%%v%oﬁﬂigr"d”dssn ¢ derived

wheat 10 products, dairy products, yogurts, confectionaries, Rard can ies,

from nyrieen slaedrssbrsakfavtcicereadsnanthbeveragesaidocd prodpstent, the phrase

“digSARRIANG e Qliogsageharide syrip will have aﬁé%"gvl%{i%'e\! C%g'r%\??a?é’&’“ss@gcsw
.. lower glycemic indéx, and lower glycemic oad than a similar foed produc

wili g yisibhpat dbsveritdraledetiomdithie teu chvastorissiatdhpiszdsedyrups or syrup

solidFEhel fecalise At legst some of the oligosaccharides are either only
digested to a very limited extent or are 15 not digested at all in the human

stJmﬁéﬁgwtmﬁSﬁﬁmmég@mtm contentédehiecidodd productsiss a source of
soluHﬁ%d' ﬂilﬁéi/ﬂ%é:?éalﬁg ﬁb%?%&%e%ts&l l(?dbdgl%a{%tg b\%rth-(l)_gte avin% a negative

~digestion-resistant oligomer syrup described above can be used as &
impa geedpeior. mdsddproduttstara syrup, or it can first be concentrated to

forﬂﬂéﬁh‘@[&ﬁﬁgggf Ly ﬁlié%éestion-resistant oligomer syrup is similar to corn syrup and
sugar, which makes it suitable for complete or partial replacement of various nutritive
sweeteners in food products. For exampie, the resistant syrup can be used for total or partial
replacement of sucrose, high fructose corn syrup (HFCS), fructose, dextrose, regular comn
syrup, or corn syrup solids in food products. As one parficular example, the digestion-
resistant syrup or digestion-resistant syrup solids can be used to replace other sweetener
soiids on & 1:1 basis, up to a complete replacement of the sugar solids. At high sweetener
solids replacement levels, the sweetness of the food product could be decreased, but mouth
feel and flavor release would remain substantially the same, while sugar and calorie content
would be reduced. Also, the digestion-resistant syrup could be used as a bulking agent,

replacing fat, flour, or other ingredients in a food formula. Alternatively, the digestion-
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form, it can be used in a number of ways. As mentioned above, this syrup
can be derived 20 from various starch sources, such as corn. In some
instances in this patent, the phrase "digestion-resistant corn syrup" or
“resistant corn syrup” (sometimes abBreviated as "RCS") will be used, but
it should be understood that the invention is not limited to syrups or. syrup

TeSISR RSN SRARE HSFRS] IROMPERSHHCIT e engeunaHore SRt etigatrierisyrap sucrose,
HFCS:adt BRiaddedria RRE RROAYICHS: RS SN ERIOT e RRlUDIS IRe ol €A duct.  As

increase the fiber content of food products without having a negative o
anothgs, Scmple o SRERRA TERHASF SR EaTHRe fuprdishanies oredects in combination

with SHGRRIRMLresiatan ligRmar WIS SIFIaneCaNd Sy THP-AR e SHIMecement with
which makes it suitable for complete or partial replacement of various

no chppgeiily SWEHiBEte NEFBIHILEE BfoBuie FPdRgimple, the resistant syrup
cambeigsatbiordaiaher Rartiak30 aplagementah SHCFARe pRigh FUGiQSG bination

corn syrup (HFCS), fructose, dextrose, regular corn syrup, or corn syrup

with KSR StaEd pROUURREIT RS GhieodiriEiliar avaeRsictothe digstibher esisemitol the
food PYSER-Or SHERKIORHESISINLILRBOHESFAL NG HRRACTEBIRCE RET reduce the

Sweetener solids on a 1:1 basis, up to a completé replacement of the

calorig coniesbIrsl/ o mbArsh beawstigsiay o6 fBils, the sweetness -
ofthe &@é@tﬂfﬁ%&%@%‘@i@%ﬂﬁ%@ﬁ%@a@ WE N PR Reh ANt HAYR e ombination

.. release would remain substantial e same, while sugar'and calorie
with K tBRLSEBiIC B rsUERsE B 4es Bighederiiasistardsgrulesalgdnient and/or

to enHBR asaRWkiNG,a08Bt o feplagiag fat. floys g?alqr'ﬂ; eraingissligntsnsafoqd partial

_ formula. Alternatively, the digestion 15 5 resis syrup can be used In
replageigany f8a (R & daSshREREESN with sweeteners such as sucrose. HFCS, or

fruGio SR ARG AP SRBARRE DRy eia]iweeinESR.0h the Jaad /Y gqo%%erizer or

____As another example, the digestion-resistant syrup can be used in foc
LU Gt TEBFRDRERE RS Wit S8 lio SEreF OtherighPhengig/or to improve the

rheolw&f%&%,%&@&%@%&%@&%ﬁ{ﬁ%@&%ﬁ%M%ﬁ%ﬁﬁﬁ@g%_é'“useid in food

sweetness or mouth feel of the food product. 10 The digestion-resistan

produsiit gind PREH ¥in e REERIPIOSHCHIFRITCKTH eodwinatwadvitheresismnnoister
textuRAMRMbROYAL K 88 Qh AtRRr RSN SO YECRS Q- RPasE the finer contantafin e and

the food product, enhance physiological benefit from consumption of the

ManagRONAEE réefiEEtHE BRAbAE BEIHEHE BrviveE eitheantectrren vrAsiopad profilenhance
the S\QHE@M%aﬁ@@cﬂﬂﬁ@ﬁ@pﬁf%ﬁgml.@%}?é@ﬁﬂﬁzﬁﬁgrp@&f Sthg,?%dmodify

products in combination 15 with bulking agents, such as sugar alcohols or

the toHHTRoRERFRE W Fedut ot THIERiBMBTShetpreArtince nutritional
Prafilg ok hiesBredusts N SEUWT GRS RG UERAAR-8:BATA] stant oligomer syrup

has one or more of the following advantages: high solubility, which makes it relatively casy
to mcorporate into food compositions, such as batters and doughs; stability under elevated
temperatures and/or acidic pH (some other soluble fibers, such as inulin, are not as stable),
lower sweetness, clean flavor, and clear color. The properties of the syrup allow food
products in which it is used to have a clean, label. In some embodiments of the invention, the
digestion-resistant oligomer syrup contains about 2 calories per gram (d.s.b.), which can
reduce the total calorie content of a food product.

The digestion-resistant oligomer syrup of the preseni invention can be used in a
variety of types of food products. One type of food product in which the syrup can be very
useful is bakery products (i.e., baked foods), such as cakes, brownies, cookies, cookie crisps,

muffins, breads, and sweet doughs. Conventional bakery products can be relatively high in
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replacement for fat in food products. The digestion-resistant oligomer

syrup can be used in food products as a tenderizer or texturizer, to

increase crispness or snap, to improve eye appeal, and/or to improve the

20 theology of dough, batter, or otherfood compositions. The syrup can

alsq he used in food products as a humectant, to increase product shelf

sugar n?a,ga?\@fweo 15rB0 B Y SEHET moldter UexRire Pt CAePHISH B S68Y TP 2 an

ingredod produsts pdaduceayatanasthatytBe tummelilizebandimanagss, as well as
water. Additional uses of the syrup include: to replace egg wash and/or to

roduc HAINE erSGr %ﬁ@é%%%%o%%mnfooéﬁméﬁfw%m

gelasiRizationempeiabires dadnedifsaRerihedexivre okikepredushandddaically-
enhance browning, of the proﬁ%%t. At least in some embodiments of the

leaveRsfention ik AIGE REAHE sttt SRGEMer SRl MES DB bPHBTE Jhindigestion-
resistigl oWinghadyantasasbhigh sedukibias vhish-makes i-elpiivelneasyut@r may still

incorporate iﬂto food compositions, such as batters and doughs; stability

be defineahfelfatht N SR ardF R TIOR SUBTEHR (Sothe BiPRrEoitbBUhEFSIing.

Digessidhrassaulinliasgheotasstable) (30, | enesswieetness elaanfiayoiednd could be
clear color. The | ro%erties, of the syrup allow food products in which it is
&arf,

added g RN HRIBRE T h U MK B SN TE M ST E IneRtdAThand would

requiigRSHiEe JishanholigDRee SR CORAIRNSIADOM BCAMQHE SR SHRMIiquids as a
c%.s.b.), which can reduce the total calorie content of a food product. The

difecté GRS I BR o P BY D B RIRB S e st iNPESTON AR Brsdianppeessed

undefcdhiMaigtyhivnas atdead produrts. ne.typeiffieagopreidctin it mented,
. %@e syrup_can be very useful is bakery products (i.e., baked foods), such
dividggt ford BF&%WE&%&W@@Y%B&F@%E’@@%W(W@ 1 hakers Ohrdedweldte product

can bd®4gh8 deanuentinnalhakessrdusts LRRRERRIRHINAIYINIIBRAR Be commonly
ugar and high in total carbohydrates, The use of the digestion-resistant
bai\ieiﬁﬁ}%%%% r@&%ﬁeiﬁ%&@(} Prodrrets TR AW ERHES AT dgigbnuts can

be frizaraphydraiedeveismamwelbas srduce; e tatl GalarieRe MBS, INE(8RSIRG times
the fiber content of the bakery product. There are two main categories of

couldalga Derisily il ghelitid RtV ariercre it AR Aisddneipughy dadeqaisaho obtain
optinRfedHetsilike denisosweedoughs, and breads, the digestion- 10

resistant oligomer syrup can be used to replace sugars, but a small

antGEHHEHE, Je sy SHP S GeWiPdd N Y SN PGt a5F £9ErMBHI&ABIGIn have a

highgubstlate fevidhayeaat Qriarserisst browringd RigRsliomresisiant o¥omer, which
oouldzﬁajp solids (e.g., digestion-resistant corn syrup solids) could be added in

MRS AUBREVRLS SR et iars COim B Figsin g Rsdrapiieucts could
have angHvwuld) Tefpdiee AopRPetial RANHIR: FREENSIRNb SRS ZARPexample.

added with other liquids as a, o

The resistant corn syrup/sohids is readily incorporated and may be added to the fat at
the beginning of mixing during a creaming step or in a any method similar to the syrup or dry
sweetener that it is being used to replace. The product would be mixed and then formed, for
exampie by being sheeted, rotary cut, wire cut, or through another forming process. The
products would then be baked under typical baking conditions, for example at 200-450°F.

The resistant corn syrup/solids can also be used to form sugar glasses in the
amorphous state, to adhere particles fo baked goods, and/or used to form a film or coating

which enhances the appearance of a baked good. Resistant corn syrup solids, like other

amorphous sugars, form glasses with heating and subsequent cooling to a temperature below

their glass transition temperature.
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15 direct replacement for syrups or liquid sweeteners. The dough would

then be processed under conditions commonly used in the baking

industry including being mixed, fermented, divided, formed or extruded

into loaves or shapes, proofed, and Baked or fried. The product can be

baked or fried using conditions similar to traditional products. Breads are

cofmidantybakédoattpnpecaiorebicntingfropcd20F tees 20 Brimik28tto:23!. For

inutes dg g%;]}g an 20 he fried at t mperatures rangin fro

SRAT - 415F, S%oug%# # téflm%%%gotlt%ar%%ean? Eth%‘lkesp(r:%Sﬁ: aso %ﬁgse E?—iﬁehused 10
replanﬂeﬁmwmﬁ@e:gacam &aerad@tedet@eclwqhs asifeqinnéd toapintaim the outside of
those g A e R cereal pice

typically have more ugar a d may contaity ave a her

~ The mmﬁtbﬁ)&p{éyntlpis:t)hplxsay/bafldrméa:ﬁcmmldmeaamphtaifhsd%swlga‘ar the coating

can b\@raglg}r%ﬁ?lg QET%%%/I’ es%'la?% chfg Er[.sgst{ant %artlﬁlﬁ?év Igl’ eSISé[tas{]an(forn D-SEp cou id

syrup/s ese produc haveap “for example.
also badiktudedcoitiemoambesbiotwesnc2nd0sss, far extnogher sﬂeeteaemtanp@@mS. The

S I| readily incor t d.and be added tq the fat
t
exira %{g}gﬁﬁggo# %D%lr% é?n%ga cregrﬁfngasge\ﬁyohr in a any rc%etﬁ%d‘3 sSim c{ t%lece the
resistgig symupyordryliweetensr sddedt ciia"b:aﬂngmﬁemecﬂrepi@@edzﬁte prodectrup form

ceuld/\’t?eu}ge??e@ %"?0 tﬁg %}E@ efrO\rA Ed\Fv f? ! 3(% %E)i( aaq]a[%e? Ab gllxrltgisheeted ﬁ()tatr%/r could

cut, wire cut, or throug another orming p céss? The proqu%u\?\}oo
be adﬁ@hibéhbakeddmderctybmait akidgesnditions, ferteuamla aﬁ@ﬁgélts@l-? T00°F to

h so can also be e m su sse
300¢

0 }3— %i)r?t%(?&%u%%stag d)tggshreer gﬁt%lgg %S % e af)%d%anand ogrc 08 emuded
Plccefo Kﬁﬁlagfﬂlha orooat rn:grmmmpemtﬁdcesdﬂaet dpffeanneeot ahlaﬁkeldagﬁbei sources.
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glasses with heating and su sequent co
dlvergiass transition temperature. 17 5 Another type of food product in which

the,s can be used.is breakfast al For example, resistant corn
syr}tkjrf)}g Eﬁ%cggrdan%%%tﬁrﬁt%%re%e\ﬁ w?%en? by CRUIFPBGshef lsre%ﬁ%émdum
Exarggilor pérctamfythecsh@w in extivkled caredt piestsmehdlorioging coatifg@his, milk
uis those jeces, The coating is t 0-60% of the total
drmﬂvggfllgghé i tnne F rishe cé?%af%.‘éfc‘?%mﬁ%}e%‘seﬁru@{c%%\% SO TEas iﬁ?gy Giessing.
and @hiyztedsors fondbxeanaple g Ehé focmiblafed thewenatingek0«chintbe Bis sinopld include

datr}ﬁ? dé % Iutlon Of de ﬁ'?’t"’h t Corn d‘ 811‘6 ht%i ée SéStgarnt Ig:orn f%}%&ﬁ}%g)ldas well a

SUgar &t Various percen Wi
thOstWeeteneremieddkytble b]retmdeéwtndqmmsturmedu&dtﬂ(ergbeleuaa@mtedth%a It can

o RSB NN S DS 1 SRR COn PP U,
160°F to 285°F. Complete replacement of sugars in a dairy product is possible (which would
be up to 24% of the total formula). The resistant corn syrup is generally stable at acid pH's
{the pH range of dairy beverages typically would be 2-8).

Another type of food product in which the syrup can be used is confections.
Examples of confections in which it can be used include hard candies, fondants, nougats and
marshmallows, gelatin jelly candies or gummies, jellies, chocolate, licorice, chewing gum,
caramels and toffees, chews, mints, tableted confections, and fruit snacks. In fruit snacks, the
resistant corn syrup could be used in combination with fruit juice. The fruit juice would
provide the majority of the sweetness, and the resistant corn syrup would reduce the fotal

sugar content and add fiber. The syrup can be added to the initial candy shury and heated to

the finished solids content. The slurry could be heated from 200-305°F to achieve the
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could be metered into the extruder with water or separately. A small
amount of water could 15 be added in the extruder, and then it could pass
through various zones ranging from 100F to 300F. Optionally, other
sources of fiber such as resistant sté ch can be used in the extruded

. . plece..Using the resistant corn syrup would create a different texture than
finish A S A LAGING R HE P O RTOHLRU SR RS GLAGIATbERLSHEPH of
2-7. 'Hiterefigdendure torareaiel piaduatd diversitya2ondnothen e obfopdsugar and 1-
100% prf)tguct in which the.s ruV% can be used is dairy products. Examples of

QAR SO IERT IR RSBt RERFSRtIude yogurt, yogurt drinks, milk

drinkshdtaypead folkisysdaothiesiitetteampshakes. coLRIMENARSRIlies. Jams
4 ?Pttagre cheesg dressing, ,and da?iilr]:( dez%erts, such as guarg and the ,
an Jewhﬁ?)péidr?ﬁgﬁioé?t Torotiiets PRI ottt iRtERRe S JpTS S CRafidrom fruit
juice. aftdntanded tofepanstned dieCly (R oFackaged SMOAIRIRBME Weksllows:

. ,as 25 those that are intended to be blended with other ingredients (e.g.,
Werg R 6D )" 6o GBS RS S, PN BURASh Euchidhe dry

compasigsrbatiariqiedteldized at a tempesaltirefmom 2b6OF toA83F; I8t retort
for 5‘% placement of sugars in a dairy product is possible (which would be up

FA8EE¥ the total formula). The resistant corn syrup is generally stable at
acidqhts (e piisangedotoainieerages.iypicaty wenld Bever8ed0Ewamples
£y Another tﬁlecg.food grodl%‘]é_in which the syrup can be used is _ _
OF DYIIEL DN B A iBISS BIKotHeit S&IRAiRch It Cirdse dEBHIMERdR RegRirated
juice oainetes, jondanisinougals asd masshnalons:alatirjely candiesOfise of the
ummies, jellies %hocolate licorice, chewing gum, caramels and toffees,

eI eROED MRS, PALTBTeRTESTYe CHGTE OBn o Aiiff SRaBIEYIFHH SHARREHE: clarity

problggsisfient 89U Syl Cote bepsedinmambinatiaRayitt el ivicRs The, ity et
juice would 35 provide the majority of the sweetness, and the resistant

fepia%&}% SURBGIAS ERSRQ DI SOy Bonfehtreaide WhEP. ThE Sirihe total

formutan cadded fonbesimind,canedyesivriy anddieated o thaifinishad salidsverages
havin%%%fnt' The glurry could be heated from 200-305F to achieve the 18 5

B E0RdE WBritafrt R EBAIE he HdErstP BB Rerbre4REr FRIARINY tgivin cold

procegsfihishechprd oi@nl phhieviesigtantensassyrup could be used as a
r(i%a?c_ ment for 0-100% of the sugar, and 1- 100% of the corn syrup or
0

ebRNEIS HIE SRR RNEFRIHEEFIBYE FrBdRFcEMdvRiBFetheSgrfilings.

Examdes b€ higeddfidamuiapdiieliasnams, spddedinsrie MAGE froniuitbhrs, toaster
jam,contains fruit pieces, while jelly is made from fruit 10 juice. The

PastrIFSS IR cBi SYAbIS Tan et R LRSS PO P AR S diling 7 dssavory
fillindofteves xMigig N feshRINEk) BikR ANO [Rd@is BEAMRY SHORY FRSIRIRRNEAM or products

that Woule) %Qgepg%c'[}gﬁ ﬁgdg}g)%edsgmg, by a food processor (additional baking) or by a
consumer (bake stable filling). In some embodiments of the invention, the high solids fillings
would have a solids concentration between 67-90%. The solids could be entirety replaced
with resistant comn syrup, or it could be used for a partial replacement of the other sweetener
solids present (e.g., replacement of current solids from 3-100%). Typically fruit fillings
would have a pH of 2-6, while savory fillings would be between 4-8 pH. Fillings could be
prepared cold, or heated at up to 250°F to evaporate to the desired finished solids content.
Another type of food product in which the syrup can be used is extruded and shested
snacks. Examples of extruded and sheeted snacks in which it can be used include puffed
snacks, crackers, tortilla chips, and corn chips. In preparing an extruded piece, the resistant

corn syrup/solids would be added directly with the dry products. A small amount of water
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composition to the liquid and cook to a temperature of 214-220F. Hot fill
into jars and retort for 5-30 minutes. Another type of food product in which
the syrup can be used is beverages. Examples 15 of beverages in which
it can be used include carbonated b]e?/erages, fruit juices, concentrated
juice mixes (e.g., margarita mix), clear waters, and heverage dry mixes,

wouldwgadded Jp i sELRAE ABG ISl O pre BIURY SRTIBHS BT fRnging from

100°F RaoeRsas e \@icameadhecchariyrniyeblemsdnal resdmhenotenmes af, of
fiber are added to beverages. A complete replacement of sugars is

the Ay SEQHRFHRIEHT ol bS8 EXaTHISOf TP AP BIASRAIZ Fo AhaRg) O the

liquid Begaurmetibe gtabiity TdheoaytiR B kbR Sut S0MHEPE Useehisture content
beverages having pH ranging from 2-7, for example. The resistant corn

(5%) G iPeBRAtEA LSRR BRI 88at Hever s &sSHAl i Habrs arpisgue content

(10% ) bgverpeesyibnathesiype af feaddmduehik WHCHhe:a31kp CRABRUSSHdShe at
high solids fiIIinﬁs. Examples of high solids fillings in which it can be used
t@mpeﬁ%grﬁﬁfeumnﬁg@ FfRickbaiatEhsterioBz et SatniRicaliy toskigd T for 10

minudd1e Figh solidsifillipg caulddbeaars seig/fryit filline, ordsaverafiliRgidOsnack, the
example. It could be added to products that would be consumed as is, or

resi SR SRR S TRt EP RIS 8o Ah & M3FTab Egy Bl R0l pPddiaringredients
(e.g., mdgjtion%dwiﬂgmﬁby@ovpaﬁmeirgb%%_ S0 B1UCHadD WORIE be dry mixed,
oll

embodiments of the invention, the high solids fillings would have a solids

and thegraRtadisd BetiiderobysusutotHe sONIETEGUR! B eIy rentadram 5 t 8.

The AWilPhresisiantearasSyHdpear ihgould hejused fexiapartiaksgpl E&lid be at
the other sweetener solids present (e.g., replacement of current solids

TempeARE S YRR T S AR TR BHin 5 S I A VERiCRlY b 2l6) \HiIEos auvdRpinutes.
Anotfifinggwouldbehetwaemd-8:pHr Rlingsigonld-bs: praRAIed seldcBbn of the fat

heated at up to 250F to evaporate to the desired finished solids content.
conteptpitifasdypackt oas graabcsin Whithend dyrafred Rpanisianal dngradisyt or as a
coatiR¢hshestad a3ssnacksidenamples of extruded and sheeted snacks in

which it can be used include puffed snacks, crackers, tortilla chips, and

coMCRBSYIN Brdpating aHcE Kertiteeh dlsc ey e sasietaneisracdsiin iesras. The
ingreqyauidige adglad ditectly with the drypredugls: Asmalaeokat of waterdOasent,

5 would be added in the extruder, and then it would pass through various

The SpgOReI RGBT RS 4 BOOHY PRI STIRF ke HifRRET oA SyUpRBRRONds in the
dry neRuldrhe agded,atlevelsfrom:20%. ah thadrunioducts mixtre: Theissolve the

liquid resistant corn syrup could also be added at one of the liquid ports
gelatiy GhY theneRATToRA P pRIdiRTvisuIBCcaidacotr seeRtids Prodridgistgreert. The

gelatiGORERh £5%0)and hen baked (oEeMAvRNELXGLSIMAISHIL QbR Bicks. In that
case Eille?gg irllilzge?eirs ntzgeslfll;fr%a(l:‘roangteeegan—based. As stated above, resistant corn syrup can
replace up to 100% of the other sweetener solids. The dry ingredients are mixed into the
liquids and then pasteurized and put into cups and allowed to cool and set. The cups usually
have a foil top.

Another type of food product in which the syrup can be used is snack bars. Examples
of snack bars in which it can be used inciude breakfast and meal replacement bars, nuirition
bars, granola bars, protein bars, and cereal bars. It could be used in any part of the snack
bars, such as in the high solids filling, the binding syrup or the particulate portion. A
complete or partial replacement of sugar in the binding syrup is possible with the resistant
corn syrup. The binding syrup is typically from 50-90% solids and applied at a ratio ranging

from 10% binding syrup to 90% particulates, to 70% binding syrup to 30% particulates. The
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10 (10%) and then fried to remove moisture and cook out the product.
Baking could be at temperatures up to 500F for 20 minutes. Baking would
more typically be at 350F for 10 min#ées. Frying would typically be at
350F for 2-5 minutes. In a sheeted sfiack, the resistant corn syrup solids
bindi could be used as a partial replacement of the other dry ingredients_(e.g., .
ARG IR ColiRBET BTS00 BTIAR B WRTHHE T 0a FECHS e gy binders
(like peixgd, 135 ethd 10en Weplardadded te-formseahesive deuah. if IB-RradYEt M syrup
could have ,a pH from 5 to S. The dough would then he sheeted and cut

s the A GBS AR LIPSt A ErAAGras A BOBFTfov (e

matri20 MiputesstRyiogrvewdityickivibe ak3aQF farR:Sominues ANoHeves. This
otential benefit from the use of the resistant corn syrup is a reduction of

couldg H e LG P A SO RPB S5 L ERER TS, WREIR S Adiotd 49mRInation
with ifﬂﬁﬁﬂ;iiﬁ'gﬁ@f eﬂéffﬁi@xdﬁta@ogm 3&&963%'6 %lghﬂrtbxe&h'éﬂﬁﬁlt‘)@iﬁﬂg%@i@@?-
Another type of food product in which the syrup can be used is gelatin
deARarier 108 qf%% RIS Ay SRR YRS SKTHE 578 BREFPEAICHCEC dRMAlK sauces,

and oftith gelatinpasdagelliPgaages.of fiesuganeelids.ceult.Be eRlipsREkse products in
partially or entirely with resistant corn syrup solids in the dry mix. The dry

which H Cag P hE e AWIER Mkerolifls thatss 16 wer SR eharse ol thrdopss Teduced

cheegelatinland dherdnreRier ndkprdiitrambriaddeddacomplete i@ecrease the
& g%a%n de siert., The gelatin is then allowed to cool and set. Gelatin can
ellech o e RO T LR AatTE PRAESTARRERYCHELSHE &taBiishr ¥ Geliiipiso be used

in chealtagaenafobasesiphs:statadiahe wera Sistans SO TSy UM CRIN de RIAGE MPrypical
bun('to 100% of the other sweetener solids. The dry ingredients are mixed into

He?4tifds and then pasteurized and put into cups and allowed to cool
anglg@het hgpeupstosatyddQ haverdolhionAnathat Bpe-efieediProdicCtnar are

in which the syrup can be used is snack bars. Examples of snack bars in

ediblg Achot BaIFbEOtHRE iFIB BT QA HEE dRIHER TSPl e LrRsie films that are

used Nt sbads, granaladiassy Rietein Pars.antheererlRaLs. 00 BRended to be
sed.in any part of the snack bars, such as in the high solids filling, the

dissopyigiHy SR BAHHE Pt de DB ok A s5lebmidlatersspetgia spice film that is

addetepacepaenifel t@aiip g RiRding sy "L@ﬂ?ap@ﬁﬁl'bigg‘l\fmi% resiatthur are not
rn syrup. The bindinq %}ggjp is typically from 50-9
¥

. .C I % solids and applied
hmltg‘%g’r B rAMhIGEC RN Tirfdhh § SFFU1E Bodiparticulates, to 70%

bindinghsyypde 3% paskcriatean]detB0 sPriindin G SYEP is Mmgsle i?_%ups, sauces,
&eating a solution of sweeteners, bulking agents and other bmdegﬂ}lke
and 5@ 2-7. 1t could

SeRFto A6ORSORIRIBERANG O tFeidiaed dbiaéheatiberie
be AW BR)cck@I D HRatIBriRBsBAX Gt WIN AN RARICUIAEIHCRRIBRT would be added.
particulates, providing a coating throughout the ‘ _ ‘

The resistant corn syrup could easily bé added 1n liquid or dry form with the other ingredients
as needed. The dressing composition may need to be heated to activate the stabilizer.
Typical heating conditions would be from 170-200°F for 1-30 minutes. After cooling, the oil
is added to make a pre-emulsion. The product is then emulsified using a homogenizer,
colloid mill, or other high shear process.

Sauces can have from 0-10% oil and from 10-50% total solids, and can have a pH
from 2-8. Sauces can be cold processed or heat processed. The ingredients are mixed and
then heat processed. The resistant corn syrup could easily be added in liquid or dry form with
the other ingredients as needed. Typical heating would be from 170-200°F for 1-30 minutes,

Soups are more fypically 20-50% solids and in a more neutral pH range (4-8). They

can be a dry mix, to which the dry resistant corn syrup solids could be added, or a liquid soup
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matrix. The resistant corn syrup could also be used in the particulates
themselves. This could be an extruded piece, directly expanded or gun
puffed. It could be used in combination 10 with another grain ingredient,
corn meal, rice flour or other similar?ﬁgredient. Another type of food
. .product in which the syrup can be used is cheese, cheese sauces, and
whichyih spukeedld fhsauete itskatfpesns: chessa! cheesEdasestd Jadsthap to 30%

solidsCHRRSS QG@Q}&C@!&M{J@H«%} K 6ara e 1sedinglude Jowes milk;selids cheese,
alo

lower fat cheese, and calorie reduced cheese. In block cheesg, it can
hel i fEdvecinerie sy enERRC et ST 86 HRdfeaddthe mhlasrspewsfof the

sugarGimeltiipitationiadded Rywtherings edienis sHeN asAtatch. #heQulghalSQgsiant

be used In cheese sauces, for example as a bulking agent, to replace fat,

O FHINPSHREY Be sgrsdtypibah WRiAgaageHien Arvmerefoendf fobd e ducnake the
produl® WCH NG SYRRONIDS: can, be yserbis films: that pi6..edle.and/or water

soluble. Examples of films in'which it can be used include films that are
2000888 CcisEedyPRsiked fr wiigheticosYoau sanbebbsest dges fivat eipamers.

Examiff@nded ipbedissovedi it vatelaPhiilmsdhat aie H&ﬁ%ﬁftﬂﬂ%ﬁfﬁ&%a&ﬁem. A

avors such as a spice film that is added to a food after cooking while still
dry Hepdesireraen appheatens Mcligadehit wid neamimareiaitsreameanepwders of the

follo%%&%ﬁ%%&@%@%@aﬁéb%%ﬂ_ fexible ilmsyanother vpg o loodpreduehine s

which the syrup can be used is soups, syrups, sauces, 25 and dressings.
can ba opibRA g eoirEtRsdD-30% ISHisRRh W IH YA bE DoAn (beaddgd a5 a

fiber b§o%9&€,pr@ﬁ?&%ﬁﬁfOrtég‘eegﬁ&m%%%e@d&tﬂ%&ﬂ&@&gﬁmgm% Bytrose dinulig,

stabilizer would bé ad The resistant corn syrup could easily be adde
maliqAeligife GEUFARrFaNith thecttber MYedictBveainaddedrmhetiessitigs.  The

corapRRMRPSHANAMAY AGEHHIH RS NealRd o aglivalg.the stapilizet, IRIGal o equifame

heating conditions would be from 170-200F for 1-30 minutes. After
PotasgpiiingSniéaBiE 30tis GEHad e dkecs bre-ehnsisivarcrirnisreaudiagittierended to

prod@PHsIied usingha empgenizer, colloid mill, or other high shear process.
Sauces can have from 0-10% oil and from 10-50% total solids, and can

hadeSBIpH dftefnPe8nSanessivalt eccold prsies sédar hevieiprondssabiohydrates,
emul AR QISR f&m!&%&@%@%ﬂd‘%%@&&g% gn L NE-TeSISIARL LR s be one

syrup could easily be added in liquid or dry fornt with 35 the other _
or mipg diaredds Heded PTypicanHewtngoweulalbetrom reFgoH her raen can be

sod it ESciRAURS ARG LI ORS 1Y BiSAlM 2 Qe R0Y0,50{1lS 04 49, A FOREENEHUA proteins.

pH range (4-8). They can be a dry mix, to which the dry resistant corn

The gprhphsdiiafs conIdDeld RESHH a0 EEO0pAANS Whiehclrekinadenandth fructo-
oligdRRBHRIALE o | D BURS. FGRITIANE SO SWHRICOMIL BB RET URIBROY com SyTup.
The emulsifiers can be mono- and diglycerides, acetylated mono- and diglycerides, or
propylene glycol monoesters. The salts can be trisodium citrate, monosodium phesphate,
disodium phosphate, trisodium phosphate, tetrasodium pyrophosphate, monopotassium
phosphate, and/or dipotassium phosphate. The composition can also contain high intensity
sweeteners, such as sucralose, acesulfame potassium, aspartame, or combinations thereof.
Suitable anti-caking agents include sodium silicoaluminates or silica dioxides. The products
are combined in shury, optionally homogenized, and spray dried in either a granular or
agglomerated form.

Liquid cofiee creamers are simply a homogenized and pasteurized emulsion of fat
(either dairy fat or hydrogenated vegetable oil), some milk solids or caseinates, comn syrup,

and vanilla or other flavors, as well as a stabilizing blend. The product is usually pasteurized
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solids, though a more typical usage would be to deliver 5 g of

fiber/serving. Syrups can incorporate the resistant corn syrup as up to a

100% replacement of the sugar solids. Typically that would be 12-20% of

the syrup on an as-is basis. The resigfant corn syrup would be added with

~the water and then pasteurized and hot filled to make the 10 product safe
viz Bhfllstikigstedte ¢typicalshd85for and Shitefpaste uskzation) oANGITe (ultra-high
f raduct in which the syrup can.be used is coffee creamers. i

) b cheSrAaHS O HcHirE b fhalfer beARdLAe = S00-
3000arsdfty greanieds 280-d60DIpsidechodffeezerciimercdan beshiendedswilly stabilized

so B e O o s Tere 1

coconut, palm, sunilower, Or canola oi erfat. These fats 15 can be
nohseyogenatetbod iyyddogenatddtiiTie sesigtant carnseyrupfsalidscags such as
icineP€s as a fiber squrce, optignally together with )
mmg%uggt?og %,O%na% haézﬁ%le%? b%ii élx%rofrz%é,ltfﬁ fin- PSSR T SEE&AR be used as a
sweegtarchy slaceosat afudiopeonve npiotial cosn iswip colids. IheeLomaositiase fber

n ontain_ high intensi eteners, such as sucralose,
mnte%%egi aen%gr ep? 1§§?ma, é’é‘%ﬁéﬁ%,%lﬂ%rﬁ’&ﬁéﬁ%ﬁso BFcsEt PRibgevater, and the

resisipgredienysicarmbedystblendeitey 20 preduice thel sesiiedeomPPRIign: Apically

led crgamer powder is.a combination of fat, protei ,
o Lo eT. S e B! Btre BB era i E ARl
colotadients, Tk Yat soufiescasihaonerrosynare of seybednCcREMMdt aDalMsart of the

flower, or canala,pil, or butterfat. The protein can be sodium or
Sweeiﬁ%ﬁgﬁlccf%soéi%%Fsé?lrgﬁﬁg S%Péilﬁls[,o\ﬁﬁé FIRAIES wheat proteins, or soy
protedtiscr25pEhef daddohydretacanibe the sesigtant ternssyIMIGRRIORIBh as dry

ination wjth fructo- oligosaccharides, palydextrose, inulin, resistant
o R, SR 0ichs Lo Sy P A SAE a orning, and

formpiging angtdiglycdides sacetytatadyaop oo aldddighiesidese 0o PIORWERE ach of

thes&bz/ce%l monoesters. The salts can be trisodium citrate, monosodium
p

Sphate, disodium phosphate, trisodium phosphate, tetrasodium
pyroptiospiipte; fonbpridssiimwaQphasphaiec andioisdiPRIBFSINEY which usually

hate, The composition can also contain high intensity. sweeteners,
om0 B R vt S ASBBA r i B RGO Sy
couldHeresfd ©uitphle: dhiixcakihg agenisirdicds sedivmesilicEpMmiNEes Obr stampad
silica.diexides. . The products are combined in slurry, qptignall
and ﬁéér%%iggrﬁ%sea i ns‘b?hgﬁ g’ﬁé?a |nt8iﬁg]£t[§°§?8ﬁ Gt %@&B‘}i{g@ted form.
35Auiqtiicr coffeectréamepscare simpifhiathamroganigesharst pastewizegd and meat.
Ision_of fat (either dairy fat qr.hydrogenated vegetable oil), some milk
C :
on sggll%l)s% ggrcggslesl ates, (?(l)rr%ag}i/rlﬁsﬁa AhdPaniRE R offer RavorEadswe sygug can be
used stabjiing benchflhe pubsiictds Hstiallyrpaistatitizedstant corn syrup could be added

to brine before it is vacuum tumbled or injected into the meat. It could be added with salt and
phosphates, and optionally with water binding ingredients such as starch, carrageenan, or soy
proteins. This would be used to add fiber, a typical level would be 5 g/serving which would
allow a claim of excellent source of fiber,

Another type of food product in which the syrup can be used is dried (infused) fruit.
Many kinds of dried fruit are only stable and palatable if they are infused with sugar. The
resistant corn syrup can be substituted for all or part of the sugar. For example, the resistant

corn syrup could be added to the brine used to infuse the fruit before drying. Stabilizing

agents such as sulfates can be used in this brine as well.
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22 5via HTST (high temperature short time) at 185 F for 30 seconds, or

UHT (ultra-high temperature), at 285 F for 4 seconds, and homogenized in

a two stage homogenizer at 500- 3000 psi first stage, and 200-1000 psi
second stage. The coffee creamer ig%sually stabilized so that it does not
break down when added to the coffee. Another type of food product in
whRtiiFe EpruR daRbEradRt i BB OAENYE SuchtaBe 1oGEiHy S B sty doddier

food. aMEeOiadOBntNtGNGS AP HASINISsdneECTISERMGAIHBUP RekFeR one or
as a sweetener replacement (complete or partial) to lower caloric content

IOTe CoRY LIRS T R SRS ar8 typisalIg dboti olonos seyaleanierlorn i

could MORIRLhearostibging bysiah RRAIRAIIESIRIAM SRIMEYILNR eaB ke HsRd to
entirely or partially replace the sugar. Frosting typically contains about )
2&’6@)%6? %mﬁqafofé%fii@r%ﬂ%eﬁb%%H}t’aﬁaypmﬂr@%@éééi@ﬁ@r%@;fag,readmga

such akOWEHAUAR BREMAES o, ﬁ@ﬁ?%@&@&%@%&%&&%&%@@é@ or part of the
uikin

replace all gr part of the sweetener solids, or as a b agent in lower

dry cqupepsita RAGHLS P OF 1559 Brothugt if MWRIBREHE SYAIGTEANEE thserpsistant

corn 4§:B8! K06, BlCh ag AvmenMaighiegdferd: Rehioads ang RRds: IRRd food itself,
variety of ways, such as extrusion, forming, and formulating as gravies.

This eppld Respsedicamilyrerestid Bdi brceditleve s & bowsf Bdos Biedtpod.
these typess AnRothecdyns-ah fg&@sﬂi@d!ﬁ%?y‘éﬁi Ghh&;sYrup GRNBRISRE syrup
0]

is tortillas, which usually contain flour and/or corn meal, fat, water, salt,

(c-2. gepRintaiciagid The ressstaanchrisyhap KotirrbSussrerg tapeerarial as a
purifidl flodiRe iﬁgﬁﬁﬂi%@t%ﬁfﬁ?@ﬁ%ﬂﬁg hen sherlird QpSAUPEALA dan being an

cooked. This addition could be used to add fiber or extend the shelf life.
undespgbig, BiHBIGRE &t fOEEPSrbal s PmRRlInEe)rsprehtrifesusaehigiBighfenctose

comn $PRAL RORYEAONRILOMRSYEHR (5,8l @R AN USBEIL SAMEIMERL SRB&h fructose

resistant corn syrup can be used as a partial or complete substitute. For
cOIn SURNHIE VihiE A SRAARRIdBIPE YRR BEEI (be arfiiec: heebeineopesoatatiprsof dextrose

and fNAREMLAMRIed.grdniacieinto the meat. It could be added with salt and
phosphates, and optionally with water binding ingredients such as starch,
c

diPagenancsr doharisEsiHEY criRPwsI bl Bseies svidsipetortngipthal blood
glucolRVebN¥RHIEk RSO/ SRRIREI WHIGH Would nARW R-F1aiT LT SXCEHRREBRUIGShen the

of fiber. Another type of food product in which the syrup can be used is

food gEpdytinitiSeByHRRE Wy Kifemahdhe o v sibitame o digrieaiesistant
compbBe A eHDdSadWIENSUIRLalBE: FRSISIANS SO SHIUR caN-ResIDSIINEd i the

for all or part of the sugar. For example, the resistant 35 corn syrup could

bloodsegaysiitishiiabindersd ') inndiatresratisatore dpying. Stabiiiziegtext should

be understood as a relative term; i.e., the glycemic response can be improved relative to that
occurring when the same mammal consumes a similar food product that does not contain
such digestion-resistant and/or slowly digestible components, although the glycemic response
may not necessarily be equivalent to what would be -observed in a mammal that does not

suffer from diabetes,

Certain embodiments of the invention can be further understood from the following

examples.

Example 1
Raffinate syrup was obtained from a plant in which corn starch was being processed
into high fructose corn syrup. The raffinate was produced by a chromatographic separation,

and comprised primarily fructose and dextrose. The raffinate was subjected to nanofiltration
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agents such as sulfates can be used in this brine as well. 23 5 Another
type of food product in which the syrup can be used is infant and toddler
food. The resistant corn syrup could be used as a replacement or a
supplement to one or more conventidhal ingredients for such food.
Because of its mild flavor and clear color, it could be added to a variety of

using 7 FFRlol - 18 et staztHRa i Arreagadase plcehtant ORRYhet BypwwE and at a
tempdRRE-PEIUMCE WIS the sYikR-EANRE Msed is-hatters andbraadingsim tivated

such as the batters and breadings for meat. This could be done by _
charcpgh apthian coppeied IREPRr)EamSoNSAts Brtieliskiteh shehintisieapphigis of the
dry pi@dhetQUE YREIRGEdienis) Avith e %&%ﬁ%g?%ﬂy%&tpﬂ% 19URE Me shown in

combination with addition to the meat muscle or fried food itself. This
Tablechyld be used as a bulking agent, for fiber addition, or to reduce fat in the

fried food. The process described herein takes advantage of a fraction of

the saccharide syrup 15 (e.g., stream 26 in Fig. 1) that is resistant to

saccharification. By separating thid Abdterial as a purified product, it can

be employEa for itm%&;‘e%ul propettes, rathgr B1anaeing an

undesirable by=prodycl 47, Syrups thatare primari%_@%nosacchar des,

such as hi J'n.fructlosefru%(t)&bsyrup. Removatofa %r_ef%ler percerntage of the

oligosaccharides fromy t0g Iéﬁl fructose—comn Syrpgpgitows thatproduct to
be made r{ma-ﬁ-e—w?‘:ha—%ghﬂercoﬁ i ; nd
oy gy o IDANOSE (

fructose) and-thtus more valuable—Food prcducts(fj‘; the-presentinvention
A ricad t i, tr:lg\%-\ei-vnl tho bhland acaliieacAa r\ro\nr\t\nfrnﬁnr 1
can also be-duseetohel u\eJ||L|U| te-BIo0a—giHEOSe Concertratiot n
. 0
mammals, 'sucha R that-suffer-from-diab tgm. \Wh

REAaRS; Vhen-the- food
product iS :OHEB%}E @I%thmggﬂl fhe C!O\I\II\I Ei’ ‘Z/%ﬁble anldlgf

.- PARAE AR L LR F IR R S VT Y~ MIY O T T
digestion rasistafi‘f)’ggfﬁ?fJHIPﬁg in the food prodaltt4n cause a
moderate relati ailviaia gsponse-inthe 25 hload amhic
beneficial for diabetes patients. "Control" in this context should be

ungeisteatas aselalive IR iginihe glveemicdesPRNSaSailikReusing an Englyst
improved relative to that occurring when the same mammal consumes a

assaysi PRI BrEd tabaBEsntE dontiinh 2dteh Bigdstion-SE8diart sadiat acetate

buff&lanviyreigRstbimecamene Risraiaug e elyaeinig 1e3BeRSe. Ma¥%P9d minutes,
necessarily be equivalent to what would_be observed in a mammal that

u
then GEBEDSRE 3D CarfelRonTHiabiotie e RO AR B the v eRRpAne i wes
agittenReshdrtherinaderstopstiiram the folpwingnrampies &P!e 808920 min and

Raffinate syrup was obtained from a Rlant in which corn starch was being
120 ﬁ?ﬂ%es@é‘ﬂ enzyme was Inactivated, the samples were filtered and measured for

more

digestibility using a glucose test from YSI Inc. A Heavy Raffinate, processed in a separate
but similar nanofiltration operation, was also tested using the same assay. The Heavy
Raffinaie contained 25-35% dry solids, as opposed to 15-25% dry solids for the Light
Raffinate, but both had approximately the same percentage of low molecular weight
saccharides. A cooked potato starch, which had not been nanofiltered, was also tested as a
comparison. The results of the digestibility assay and a saccharide analysis are shown in

Table 2. Cooked potato starch is included in Table 2 for comparison. All percentages in
Table 2 are ona d.s.b.

Table 2
material | %rapidly | % slowly % resistant % mono- | % oligo-
1 digestible digestibie saccharides saccharides
L (by HPAE) | (by HPAE)
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into high fructose corn syrup. The raffinate was produced by a
chromatographic separation, and comprised primarily fructose and
dextrose. The raffinate was subjected to nanofiltration 24 5 using a Desal
DK1812C-31D nanofiltration cartrldééat about 500 psi of pressure and at
a temperature: of 40-60C. The retentate from the panofilfration was

Light ivated r3hnrr-n |-and $hen p\/nnnmﬁ:ﬁd to
HC&V}’ K@fﬁ@%‘%. gfnl\%le\OA d{r\l C‘f\ll < R@ analcic nféﬁ"\a adn

nrod
? A T ANITTTAACCT Q UUIIMII ulluu OTo OUT 1 Ot ProT
O{tfct&g%%elformg by 1-IPAE- JED chromatography, |and the results are‘g

Showh i~ Table T. 10 Table T Component Wit% d.5.0b. dextrose 38.9%
fructose 6.1% isomaltose 14.3% maltose 10.5% maltotriose 0.3%

pais5e 9596 meshicnigiearedaiien aRtueco. tw prortness Righegopacdogrides in the

mater%%mﬂgsér;@ﬁ@ge%%@'rﬁsiénsﬂm htRatlingls, waskated for
digestibility using an Englyst assay. About 600 mg of carbohydrate d.s.b.

was added to 20 mL of 0.1 M sodium acetate 15 buffer in a test tube. The

cqgglmjé@ere mixed and then heated to about 92 C for 30 minutes, then
cooledto 37 C. Then 5 mL of enzyme solution was added to the test tube

arfebR Ul ds 8y ltaté dabiinshalayigimas Wafer Isath wiidy cassehtinssdmptesa plant in
wthW%ErmesgaQt%%@ %90%5%@&1%%2919?1'%&85@ NAHNEWFS iInaelyaiet e was

the samples were filtéréd and measured for digestibility Using a glucose
produgsst o oSt aplia\ AP IREHIea Bt contatet inrsl Bepar afegiossumd dextrose.

The 2R r\@ﬁkoéﬁﬁfe%% QPSRN MATAIRIE IO Helgoie §?{5ﬂes%§§%¥noﬁ1trauon
The Heavy Raffinate contained 25-35% dry solids, as opposed to 15-259

cartrigpssaiieonsr 1 PiyRE RasMwatEnB HothrhRe 2pisro%itateRithe\ Samée stamng
volurRELeENIRe of Iavsmalecylar weiohs sacchardes AL &%@&&%&éﬁ@@c%lms

which had not been nanofiltered, was also tested as a comparison. The

of comsis wfltnes didpstistian aesay %W@@Coﬁﬁweﬁaﬁéﬂ%mmré%ﬁo&m 4h retentate

product (at 33.8% ds) was collected. This material was decolorized with activated carbon
{0.5% by weight of syrup solids) by stirring in a refrigerator overnight. This slurry was
sterilized by filtration through a 0.45 micron hollow fiber filtration cartridge, and evapor'ated

in parts to an average concentration of about 73% ds.

A saccharide analysis of the dry product was performed by HPAE-PAD

chromatography, and the results are shown in Table 3,

Table 3

Component Wit % d.s.b. |
dextrose 4.5%
fructose (.9%
isomaltose 20.6%
maltose 23.5%
maltotriose 0.4%
panose 20.9%
linear higher saccharides 0.0%
nonlinear higher 29.1%

saccharides

Example 3 - Preparation of non-linear oligomers from dextrose by enzyme.
Concentrated dextrose syrups having solids concentrations of 74%, 79.5%, and 80%
were prepared by (1) evaporating diiuted syrup or (2) adding water to dextrose powder, Each

dextrose/water mixture was placed in a suitable container and heated to 60°C in a water bath.
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25 Table 2. Cooked potato starch is included in Table 2 for comparison.

All percentages in Table 2 are on a d.s.b. Table 2 material % rapidly %

slowly % resistant % mono- % oligo- digestible digestible saccharides

saceha ides (by HPAE) F (by HPAE}®5 Light raffinate 45 3 52 45 55 F

Heavy raffinatel 41 3 56 44 56 Potato starch 78 11 11 44 56 (cooked) 5

THehecommy e seationt Elsretaion: senvpiciyhe pirceagezpies A/S) was added

I cchari i teri percentage. of the material that.

e et 1 lgseton e 3 L0 ARG L GO o arvls Syhcne vas
capped, 2nd thedrshabiiny \gers whrdindtbfridmta astiymehithcoyrustamshrevased to the
60°CReiNg prgcessed into high fructose corn syrup. The raffinate was

produced by a chromatographic separation, and comprised primarily

frubhgsebange doxezss . diphebraifinatewas siibjedteslen thran dfiitradiodensing2-4 ml

40C-5 iltratiQn. gartri t about 500 psi of o

T Ore Aot & B erat T o1 10 bOC A b P B ss s0c
deaﬁWr@G@@éﬁil@ about a factor of 20, the retentate was subjected to about

2 . tant e_diafiltration using Bl water. After...
di;lﬁll#gi%%,e%%%gég%% ?é%%%t%g%?o Ec?le(gt ‘é@%g)otes Wwas c%llle{}‘ gdp elrﬁcl»gn ance

Aniogh dtegzngas widoforisedd Mvithheaothvated Ertboton(0.895 b -Raight ofsyRiprex ion

. o e iaht. This s| i~ b
chro%%kg%%ﬁyh%ﬁm ! ne&ﬁgg]&e@Eﬁgﬁgc%r?%é?}cﬁF. ge%{:YP:rr\g ggd Sg?%%%g plYmp, was

through a 0.45 micron iber filtration ca e, an
used dpa pbtated y 96 i parsgo awaverageatohcenibation dfaboptc7 B30 dmalytical and

s SECRASE oo 0 ) TSRS LEACEAR e e
sugas oMpoAent i 94ieksalhgoleslivoisedd. 5%th fautosedde@tial waveform. Samples were
diluted with water and passed through Amicon Ultra-4 centrifugal filter devices before
analysis.

Figure 2 illustrates the relative amounts of dextrose, isomaltose and “non-linear
highers” (which in this figure refers to nonlinear oligomers having a degree of polymerization
of four or more) in syrups of three different initial dextrose compositions treated with 1.3%
vol/vol Dextrazyme, a commercial glucoamylase enzyme from Novozymes, for 48 hrs at

60°C. As syrup concentration increased, the amount of monomeric dextrose, relative to other

sugars, decreased, and the amount of non-linear higher oligomers increases.

Example 4 - Preparation of oligomer syrup from comn syrups.

Starting substrates were obtained having a range of extents of conversion, from
dextrose greens (95% dextrose) to lightly converted Staley 200 syrup (26 DE, 5% dextrose)
and including high (34%) maltose syrup, Neto 7300. The specific products used as starting
materials in this example were Staley® 200, Staley® 300, Staley® 1300, Neto® 7300, and

Sweetose® 4300 corn syrups, and Staleydex® 3370.dextrose. Some of the characteristics of

these materials are given in Table 4.
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isomaltose 20.6% maltose 23.5% maltotriose 0,4% panose 20.9% linear
higher saccharides 0.0% nonlinear higher 29.1% saccharides 25
Example 3 - Preparation of non-linear oligomers from dextrose by
enzyme. Concentrated dextrose sy?u7ps having solids concentrations of
74%, 79.5%, and 80% were prepared by (1) evaporating diluted syrup or
(2) adding water to dextrose powd‘él?lE h dextrose/water mixture was

placed in a suitable coplaingf-adieated 19,606 ipa water bath. 26 5

—Glucoamylase enzyme (Dextrozyme ar Spirizyme, from Novozymes A/S)

was added to lh%t?é"f/}fu%po appteiiatelyS#0 enzyMeito 30SMEsiEED Figeydex
syrup container was._capped 38Ad then d88Ken vigdédidsly!to diifibute the3 70

DegreérPfyme. The syrypwmas, returpgg to thereggﬁrwatelrepgﬂ}. The ghange in high
CONVESRGAr distribution was monitored over time by transf?e_rrinq 2:4 ml_10isyrup
Type & 8saliglass \(iaﬁlémd heatjng it in a heated blocktd approxéiately  acid-

85-90C to_deacti®rtethe enzyme. The concentratiofyokvariotygggar enzyme
Dextrepoeqsvwastdetermiped by High Performance Aniop,Exchange, with

i 42 95

(D.E.Piilsed Amperometric Detection, (HPAE-PAD). A Dionex ipn
% dextipermatograph, DX500, equipbed with elé@trochemidal detectdi7and 90
% mafrsdient pump| was8l5 used féfthe janalyises. The sBéjars wer@%eparated 4
¥ natotBisaex Carpopat!PAl analytical and dgdard colurans with gradient 2

% highelivery of a s¢ dium]gydroxide nd sodium, acetate eluent The? ,sugﬂrs

sacchargtesdetected jusing a gold electrode WithD% four-potential waveform. -
Samples were diluted with water and passed through Amicon Ultra-4

ceptrifugal filter devices before analysis. 20 Figure 2 illustrates the ,

oIV SO S QHIGRTEY R NALE e SR B near

higheindiii®figy duiefessatddenlioeaoRigamatbhavitgl degiee oL DP 4+), they also
polymerization of foug or more) in syrups of three different initial dextrose

have gg% él

E&Qj (o RLHRUES PIViPE4 304 2OBIRTSI ﬁ%é@g%éwé%tam measurable
lincarbitgamylage RN rom NoNeZPRREWOTHES KIif: Pl &P6r ASIBF Ritions.

centration increased, the amount of monomeric dextrose, relative to
gﬁf@? enzymes useg were Sl:ngzyme%lus FG and Dextrozyme DX 1.5X glucoamylases

and Promozyme D2 pullulanase (supplied by Novozymes), CG 220 Cellulase and
Transglucosidase L-500 (suppiied by Genencor), Glucoamylase GA150 (supplied by Sunson
Industry Group), and Transglucosidase L (supplied by Bio-Cat Inc.).

The various corn syrups were adjusted to approximately 70% ds. Approximately
3.3% (v/v) Spirizyme Plus FG Enzyme was added to each in 50 ml tubes. The syrups were
heated in 60°C water baths for approximately 4 days. The enzyme was deactivated by
heating the syrups to approximately 85°C for 10 min. Figure 4 shows the final saccharide
distributions. All the syrups reached a comparabie sugar distribution by the end of the four
day treatment. After reversion, very little linear oligomers remained, and non-linear oligomer
content had increased.

Several points should be noted. First, the reverted Staleydex 3370 syrup has a
somewhat higher dextrose content and lower content of non-linear oligomers than the other
syrups. While all syrups were adjusted to approximately 70% ds before reversion, the less
converted syrups, with low initial dextrose content, consumed water as the new distribution
was established, and final concentrations were 4-9 percentage points higher than the reverted

3370 syrup. (The hydrolysis of a single DP6 oligomer of dextrose to six dextrose molecules,
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25 sugars, decreased, and the amount of non-linear higher oligomers
increases. Example 4 - Preparation of oligomer syrup from corn syrups.
Starting substrates were obtained having a range of extents of conversion,
from dextrose greens (95% dextrosé)dto lightly converted Staley 200
syrup (26 DE, 5% dextrose) 30 and including high (34%) maltosg syrup,
for expempl730BIsTHeSfistifiaisrodatmised ds Stabtdngswaterials ina’tbiszontgnts of the
RXELY ) taley(r),300 talyr%lS%(gNt r)?CO,.G
e and gﬁé@%@%ﬁi%% Cc%%bs%r%u%}s{%tﬁ@ ]gltgf%}%él()l( ke &@e bagher oligomer
contegbme of the characteristics of these materials are given in Table 4. 27 5
Table 4 Characteristics of starting ﬁ%{’ﬁ% Staley 200 Staley Staley Neto
Sweetose Staleydex 300 1300 73 0 3370 Degree of very low low
regular regular % high high conv@rsientatihs acie-racigtsiacitl Type of
conversiogt?r@?&%ﬁ@acid acid en®#ae enzyme@stizgme DeRitose
equivalent (D.E.) % 26 35 43 42 63 95 dextrose. 5131993790 %
maltose 8514k 84729 4 %maltotrizise 11 11 13 34 9 2 higleer 76 66 54
33 25 sacthegidess3thile many of e less-convested syrupshave
substantialggaiamsties of nonlinear pigher oligomeyis having a-degree of.
polymerizggin efdgur or more (NL P 4~-), they glso 10 ha\ég substantial
quantitiessqglgylg% oligomers. Seve{gl of these SyJups contal measu_rable
linear olig IMETS, I through DP 17. Figure 3 shows the initial saccharide
distributions. -THe enzymes used wéle Spirizyme Blus FG ard Dextrozyme
DX 1.5X glucoamylases and Promozyme D2 pullulanase (sup(plied lpyd ]
Ngvozymes), CG 220 Cellulase and Transglucosidase L-500 (supplied by
G%\O%%ory%hc%)&tﬁﬁ}}agg‘@ﬁl%ﬁ CUPHTEE By SHirfEan2 1 Bighaustppcentration of

rever@oaup dioc TrENSgluessidase-h (satpplied bY;RICat N8 )inal water contents had
been identical, we believe the sugar distributions would also have been identical.

Second, all syrups after reversion had much higher percentages of branched oligomers
at each degree of polymerization {DP) than linear oligomers. Compare the relative amount of
maltose vs. isomaltose, panose vs. maltotriose, and NL DP4+ vs. linear oligomers of DP4 and
greater (of which there is virtually none remaining after reversion).

Figure 5 shows the change in maltose and isomaltose concentrations over time when a
concentrate¢ dextrose syrup was treated with Spirizyme. It would appear that linear
oligomers are the kinetic producis while non-linear oligomers are the thermodynamic
products. That is, forming the linear dimer, maltose, from dextrose is a rapid and reversible
reaction with low activation energy. Forming the non-linear dimer, 1somaliose, is a slower
reaction, and its reverse reaction has a high activation energy.

Figures 6 and 7 show the change in maltose and isomaltose concentrations over time
when 70% dextrose syrup is treated with different concentrations of Spirizyme enzyme at
60°C.

In the treatment of Staley 1300 syrup with glucoamylase, the linear oligomers of DP 3
and greater were rapidly consumed and converted to dextrose. The concentration of these
linear oligomers reached its equilibrium of about 1% of total sugars {at 70% syrup
concentration, 0.13% Spirizyme and 60°C) within the first few hours of freatment, {See

Figure 8.) Over a longer period, dextrose concentration slowly decreased, and the
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The various com syrups were adjusted to approximately 70% ds.
Approximately 3.3% (v/v) Spirizyme Plus FG Enzyme was added to each
in 50 ml tubes. The syrups were heated in 60C water baths for
approximately 4 days. The enzyme was deactivated by heating the
syrups to approximately 85C for 10 min. Figure 4 shows the final

concegiatng Rfe - HBtAD DRGHEIAY B dyripg tessehed becomaparalilccatrpatration of
maltodisiHOWiom RYthevend:9t G- ipurinday- teaiment; ALCLFeMers! %gﬁ?&fwﬁ“' e

linear oligomers remained, and non-linear oligomer content had _
increaed ioay dha et spoimeeme motedbeied, theviedéifedostilied@iexinutes to

deact330:BY r&&%ﬁé@bé@?@é&i’ﬁ&%@ig&efo%eéﬁﬁ%ﬁ%&%'\ﬁ}%ﬂ& apdjlayer GORINRL Ofyples

non-linear oligomers than the other 25 syrups. Whilé€ all syrups were
been dgiisteiptappresasiadiya o erparrdesyariibh heve lbeenchyirehadd back to
dextrS¥UPS, with low initial dextrose content, consumed water as the new
distribution was established, and final concentrations were 4-9

petEBRtay &ipomEs gR@ siaPRs theTeediitsd BR7Y syrlisiy(THe tytirlysiseth was
held # SiRgHeRE oligameypLdaxiase e ik exUase MRIGAUes 28 PuRE held in the

example, consumes five water molecules.) As Table 5 shows, the water

PresepgnfdmBIERRE rvisifed Shrupsupe M witthdadentro sencomndriticarndtrasicin each

samplBVRISeleWith-ibe figher aligomer. content. Table 5 Concentrations After
Reversion, % Starting Syrup Water Dextrose NL DP4+ Staydex 337D 28

54 ISR EapsdRre Y 49 060 Natbe7suo et agop o Sranipa doehar 4gigomers
(DP3%h¢HRIY S0 bRA 1A L PR BHL IR QA 838 H I OWRT WAISE GOSN 11.6% of

drives the equilibrium toward a higher concentration of reversion
total Bigysdts. TPmEswaer ebReRe A e adjisled wisthasfirighwatehows, dextrose

contcs@NIRAERA Leenidentical, ws helievehe suogr ﬂ?ép%%ﬁnﬁfaé%%%’gﬁ?ﬁaem

have been identical. Second, all syrups after reversi muc

glucqsarriasts (R BEBREEISdacHIRyGHTRsS WEBCasdctad édgeiecel. polymerization
(OR)dhandinganohgamers,Camparedie felaiye o ati8hmers formed through
reversion are not immune fo hydrolysis by glucoamylase enzymes (or impurities therein).
However, it appears that a portion of them is resistant to hydrolysis. At 20% ds the
equilibrium between monomer and oligomer is well on the side of monomer. Yet 11.3 %
DP4+ and 11.6% DP3+ remain after 7 hours at optimum temperature for glucoamylase
activity. Compare this with the virtually complete conversion of linear oligomers to dextrose
in the same time frame while at much higher solids (70% ds) and half the giucoamylase
content, illustrated in Figure 8. It would appear that, while glucoamylase enzymes can
hydrolyze non-linear oligomers, the hydrolysis is not rapid, and may not go to complete
conversion. We propose that the digestive enzymes in the human gut will have similarly

reduced activity towards these compounds.

Table 6 shows the change in concentration of all sugar species when reverted syrup

was diluted to 20% ds at 60°C in the presence of active Spirizyme enzyme

Table 6
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maltose vs. isomaltose, panose vs. maltotriose, and NL DP4+ vs. linear
oligomers of DP4 and greater (of which there is virtually none remaining
after reversion). Figure 5 shows the change in maltose and isomaltose
concentrations over time when a coh¢entrated dextrose syrup was
treated with Spirizyme. It would appear that linear 20 oligomers are the
Ar kinetic products while non-line8rdjaraessare the thermodynamic
timgprodud@sckhat isnfatsaingvaetneasdiner, vaadtiese, froprdexmos®eis a NL DP4+
rapid and reversible reaction with low activation energy. Forming the
o non-linegrdimer, {ggmaltosg,sis a slgyer reagfipn, and its reverge.reactiog 4
’ has a hli%h activatitﬁq energy. Figures 6 and 7 show the change in maltose
and isomiaitose coficentratidns overdifne 25 iflen 70%3'8extros@§yrup ist?®
2 treated fith differéhé conceitationstof Spirizyrie enzy®é at 60B.3In the 14.9
3 treatmeng of Staleys 1300 sypup with glhicoamytase, the fnrear oligogners of» «

47PP 3 alggagreater,lx\@re rapigLy cons&gﬂed an%iqonvert%' to dexg%qzse. Thq,i.9

concentration of thése linear oligomers reachéd its equilibrium of about
7 1% of totaf sugard{dt 70% syfup 30%dncentrétion, 0.13% SpiriZyhie and 113
60C) within the first few hours of treatment. (See Figure 8.) Over a longer
eriod, dextrose concentration slowly decreased, and the 29 5
L Igﬁ%ﬁéﬁ%fﬂ‘aﬁow oMseh MMERR gt 3lengiemefcpelbm Tiratsnaphduae or more.

“NL paneeglion i malioss; anddsomalinse avaLime A AalsemioL or more.

.. dextrose reversion (Figure 7). Samples from the above experiments were
NL RRArearelssie 8suinsan olzomeriied 1g aéermioatenmiasrsetes peforeor more.)
dilgtipgr-dorioprchrpmatogiapiy; analysis: Hladdhe SyPRISS haen dilvted. Noyrups

the presence of active enzyme, they might have been hydrolyzed back to
tested (gEK(wERESTB NPl s GfriRaAdR rfogasy digis wsienditadugs 2ovksolifisroated at

compAPAHRN ALBRWAS G in the presence of Spirizyme enzyme at 60C
and another portion of each was held in the presence of Spirizyme at

A0COTPHAS IS Wera Salhpiedasy Brafidiiemh ththenaymytiressigremehof corn syrup,
linea® I H b ve. iQur :
T GG Tho oLt of Seear hehe ot {5 igh sy
conceEatensdhs SsEl ecHaltRtHIACS Molrs-dindanppeerdsterpmandatlAsgupduction

of n&é}’é{’éw%ﬂg&%&é’é%@tl?&&%&‘(i%ﬂk%%&?ﬁ@%@%ﬁé&%% E?'F( Bolysis by

As Figure 9 shows, dextrose contént increased as a result of hydrolysis.

glucopry feite &f HytirolsEmsRvARbifavo tiffereregliboantasdss spirizgmdibngl before
deacREMKOAMDEN WBEEYSRT WASIHGIHICR!: but apparently not all of the oligomers are

hydrolyzed back to dextrose monomer. This demonstrates that the formation of non-linear

linkages by glucoamylase (or perhaps impurities it contains) is not entirely irreversible

“mistakes” by the enzyme.

Exampie 5 - Quality of Giucoamylases Impacts Reversion.

The amount of enzyme needed to effect the reversion is high relative to typical
enzymatic processes. Approximately 1.5% v/v of commonly used glucoamylases (for
example, Spirizyme Plus FG and Dextrozyme DX 1.5X, supplied by Novozymes) are needed
to reach 80% of equilibrium reversion in 24 hrs at 60-75°C. It should be noted that enzyme
manufacturers have made great strides in reducing the tendency of the glucoamylase to form
reversion products — improvements driven by the consumers of these enzymes — the

manufacturers of corn syrup - for which reversion products are a bane. It is our belief that the
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20 It appears from these experiments that the non-linear oligomers formed

through reversion are not immune to hydrolysis by glucoamylase

enzymes (or impurities therein). However, it appears that a portion of

them is resistant to hydrolysis. At 2084 ds the equilibrium between

monomer and oligomer is well on the side of monomer. Yet 11.3 % DP4+
enzynagriclibing®s P33 wenldiheaftecly thowrs fitcoptinfurrfoterngeatataradodinear oligomer

Sympgﬁgg%myé%?e]ﬁgo%%g{ 8|&t5y€.S.Compare this Wlth the thually_complete .
conversion of linear oligomers to dextrose in the same time frame while at

mLehdighensoids 7 0ftedspanchhathtihe ‘Glupoaneylaseiltonterifese  commercial

tucolllUsty in Figure 8. k Id,appear that, while gluepamylase enzymes
e o e A TR QU NSRRI Qi o g e s her
1s thenbtogchtet.compield conversicmoyitethroppsmthat tthepdigestiviaeazymes e both
.. the hum t will have similarly, .30 reduced activity towards these ,
DO TAHETE Showte e g i SorioAABN oY &) L oo prodis
incresspecibsnbepaeveredisyripedvismitiiad 66°20%F daatsG0GHA theshow the rate of

f resence of active Spiriz me enzyme Table 0 hr % of to{g&s} S
o A D e e ienl g o &
functioP 4 1OndGADES14:5 Wi Oyt . nd0Be2Bdzyinb 8. A 8.4uRBsA Aeb9rkO®as Staley
. 5 264.017.02.30.50.1 53149 368.615.32.1040.1
1300%%%%?8%?%97?@%&?95 B’.ﬁsé@ 6}.%:5 12.211.957 72.313.0 1.9
0.30.10.511.6 11.3 ("L DP3+" refers to linear oligomers having a degree
of.polymerization,of three or more. "NL DP3" refers to ponlineat. ‘
o i o SR TB B b B B Sligomers
refeadeto ridflinegangligemerdihavingladdegite atpolymerization of foaidate pH
more.) 10 ardless of starti u istribution or degree of ‘
deter e e R g o B s oD 8 bRl dggeet wes
detergistributioonb egiedornty Hie K treatechastatibnfatalle syrspdded to the syrup prior

to aciGAnGE rrllltt%ggons. From these experiments, it appears that during the

enzymatic reversion of corn syrup, linear oligomers are rapidly hydrolyzed
to StekiyosE(Owenponge htimestarngaoigh®Isup0°C in 50 m! screw-cap centrifuge

tubes in a shaking water bath. The pre-determined amount of acid needed to reach target pH
was added to the syrup. The syrup tubes were shaken vigorously to uniformly distribute the
acid. The tubes were returned to the water bath, and bath temperature adjusted as needed.
Treatments were performed at 60, 70, and 80°C, and at pHs of 1.2, 1.8 and 2.3. To monitor
the progress of the reactions, portions of the syrup were removed from tubes and neutralized
by adding a caustic solution.

The caustic solutions were prepared such that a volume of caustic solution was
sufficient to neutralize an equal volume of acidified syrup. Approximately 80% of this
volume was added all at once, which diluted the syrup sufficiently for pH measurerment.
Additional caustic solution was added dropwise until pH reached >5.0 (and preferably no
greater than 6.5).

The syrup solutions were analyzed using ion chromatography. In addition to a RSO

Oligosaccharide column from Phenomenex, some samples were also analyzed using a Dionex
CarboPac PA200 column.
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15 concentrations the dextrose is consumed as non-linear oligomers are
formed. The production of non-linear oligomers is at least partially
reversible, as evidenced by their hydrolysis by glucoamylase at lower
syrup solids. Thus, when the reverted3yrups are diluted before
deactivating the glucoamylase, a portion of, but apparently not all of the
oligbmbrs aped m@myzewna@mmdaxﬁweymaﬂamenpmm dephbAstratdssulfuric
acid @t 4hg-formpali onylinesy.20.1i es hy glucoamylase (or perhap
‘impurities it con ?PD g pl-is not e%twe ﬁ%@é’%@ﬁ%@g grrﬁlé?tea OTJS?H fiear” oligomers
mCTeéF@me Example 5 - Quality of Guucoamylases Impacts ReverS|on The
MAYL.0f £ E‘%%d&gaﬁ ff ctiher on |s hi elal ical
25 e zfmat%%{ eesses Ap%%x?ma?e%fﬁlﬁ V'O cc%hrtl%n gy& caused by
acid dlersommiydadad yformssarn plest SiginZfmth RISFD. ahcbﬁ)e&&rmmba@me processes
rocde@ X4 %péﬁlf gl eded to reac 80% e uilibrium
P c:reverélon in 24 hr§1 gé%ﬁ% I(t%ﬁgu d'bé note %eﬁ'ﬁ enz m cis very rapidly,
geneptang astizpees b Halde §p&t strigeshn oeduemrmgtﬁhe te‘rideacy)h)gmhe:rq of DP3
and GGRBMYY §§ef¥8r£° JRURISION 4%9“‘“% NProvements drivem oy e atue of
consumers of these zymes he30 many actu rs of com Syrup - 15
approwitstieyeYsioitprotesdreatbaneith ioantetief thedithdddkebperiod, a portion
of th%%%eff?%m%ﬁe%sgsn\gg lflgel?ueo 1%%rr]nmoreﬁ1fg0|grr1]£efr? rfa]:? rmln &Qr? i ear DP3
non-linear oligomer syrups than current g ucoamylases en n supp S
and {yghey dOHEEDt thaediempanitesbstill FtHesescomirerdial oghmeamylﬁséﬁs enzyme
treatfA) be responsible for the reversion products in the experiments reported
here is the fact that, while Novozymes reports the optimum temperature
forlactivitiy 4ty bothcm@agplwmmﬁndlﬁ)mrtrohgmm be 5Oflethendte®f-linear

; t hen t t
o SRS NSRS M SRS B

Covrﬁmﬁélm@mhon linear oligomers of DP 3 and greater (NL DP I+), as a
R B S e Ui iy o the e

syrup t and the'amo enzyme use
final 195 ERasnjiis eonm&acatalymeohmmumﬂmg Qﬂ?zorn Eyrup tocfoeth to the same pH,

r I syrup il '4 d onlze
tem%%#gﬁo%gm %a?‘f':% de%f? inations.” THe a?no Se%e c,l?a}%—{?ﬁﬁ ?F%—fzé 4’)00 SYIp
deve&ermcbpowgpﬁpHl@@uwpbtft@n@eemndetermuw@kemmm@emmmed coffee-

colo%%?ﬁ%?ﬁ%xﬁ%&%lw CIEUGIER yesz\sNg add gst%&ne HOR ewe tgeage{tde of linear

oligomers reduction, and non-linear oligomers generation, comparabie to the acid-treated
syrup by itself. Fructose content was not significantly altered.

A second round of acid treatments was conducted in which Staley 1300 syrup was
adjusted to 1.2 and 1.8 pH with HCl. Each pH treatment was run at temperatures of 70°C and
80°C. All syrups generated significant color over the course of the treatments. The extent of
color increased with decreasing pH, increasing temperature and increasing time. At the
extreme, darkly-colored insoluble components formed.

As Figure 13 illustrates, the product of acid-treated syrup is a very broad distribution
of sugar oligomers. It also shows a much higher concentration of oligomers of DP3 than the
enzyme reverted syrup. Alse, the acid-treated syrup contains sugars which do not appear in
the enzyme-treated syrup. This is expected since the acid-catalyzed condensations can occur
between any two hydroxyl groups, whereas enzymatic condensations are typically very

specific in how two sugar units are joined together.
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Staley 1300 syrup was heated to approximately 60C in 50 ml screw-cap
centrifuge tubes in a shaking water bath. The pre-determined amount of
acid needed to reach target pH was added to the syrup. The syrup tubes
were shaken vigorously to uniformly #fistribute the acid. The tubes were
returned to the water bath, and bath temperature adjusted as needed. 25
Tréakhissts Wehe Rrerfotied el 60 702 ande8 0, 'Hmdchtcpiﬂﬁagﬁépﬁi,cils&aaﬂﬂon of
the sifedrs ] §TAQDIQr Q%Epgc& tess of theireactions. portions of the syru
uf‘%move from tuliyes an ne%lﬁﬁ%%r?& %at addi ri; %aaggj%? %t%om'tlo% PﬁsﬁF od by this
COlUY@&usTtiCC&ﬂﬂmmh@Wefeql)re@amuh@ushmhﬁteaﬂlﬁluinmmgecﬂlﬁtlﬂiﬁeluﬁpmately from
1t0¥8S <8 ficlent to nelitralize an £ uaI Y faC| ifi d
ma C}Apprso;(ﬂllmate $89 A)oé %1 ﬁ§ Volime Was added &l At éflgrehn%?‘llmse) It also
ShOW@I|Mémhqe§w@qismmnedﬂytfﬁbqbngheaehmmem Addltlonal caustic
SOM%@%@__? @%{_&e r wise until pH reac ed >5.0 (and preferabl .
~ greater than06 he syP 5s( utlé)%rs%ere !‘zitﬁ% y%veeé%ﬁrsn% Olro%‘ese% our lower-pH,
highegHeomearagraplept i dition theaPEASGD @ﬂgnsac(fﬁ&rida colunmn ftahr table shows

I I d
e A o ADD Sl 30 A0 RS I EBAdE RSk on Peston on

Staley 1300 syrup was at pH 2.3 with sulfuric acid, at 60C. The proportion
of linear oligomers decreased, and non-linear oligomers increased.
Figure 12 compares the changes in sugar distributions in Staley 1.300
syrup caused by acid treatment and glucoamylase treatment (both at
60C). It can be seen that the processes 10 proceed differently. Spirizyme
glucoamylase consumes linear oligomers very rapidly, generating
dextrose. With Staley 1300 syrup, the concentration of linear oligomers of
DP3 and greater drops from approximately 42% of total sugars to its
equilibrium value of approximately 1% within hours of contact with the
enzyme. Over a longer period, a portion of the dextrose is converted to
non-linear oligomers. The concentration of non-linear DP3 15 and higher
(DP3+) increases over about 30 hours (under the conditions of this
enzyme treatment). In contrast, on contact with acid, linear oligomers are
consumed and non-linear oligomers formed at comparable rates.
Dextrose concentration increases very slowly over the course of the
treatment. 20 In a parallel experiment, 10% dry fructose was added to
Staley 1300 syrup, so that the
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final syrup solids concentration was approximately 90%. It was treated to
the same pH, temperature and time as the Staley 1300 syrup by itself.
While the Staley 1300 syrup developed color over the course of the
treatment, the fructose-containing sy¥dp turned coffee- colored almost
immediately. IC analysis of samples pulled from it showed the rate of
linear 25 oligomers reduction, andiadfelinear oligomers generation,
compar%ble to r}e acid-treated syrup by itself. Eru?to§e content was not
sigpificaptly aligred. A secgnd round of acid tr@gpﬁﬁéﬁis’a‘{ﬁ/’éﬁs conducted in
which Staley 1300 syrup was adjusteds t0 1.9%and 1.8 le-[f with HCE PBath
pHdreatment was run attgmperaturgs of 70C agd 80C. All syrups 0
generategl significant colarigver the ggurse of the treatmeats. The extent
oft30 cotor incremsed witthgiecreasingspH, increasing temperature angd
intieasify time24At the extreme, daddy-coloreddgnsolubleigomponents
fotrhed.’As Figdfe |13 illustrates, the product of agid-treated syrup is asvery
broad distribution of sugar oligomers. It also shows a much higher
caricentfation ofoligoméftef DP3 tian the erdd/me reveed syrup.tAlso,
th%zacidgﬂeated"'syrup c¥t&ins sugatd which P not appéar in 35 tha?
eq'ziymeﬁ eatedfz?yrup. T8 is expeciéd since #e acid-cAthlyzed 12
cq['bden%tions &N occur egtween two hydroxyl grogr s, where3s
enzymatic condensations are typically very specific in h8w two sug?x?
units arggjoined ogether,,33 5 A Dio&ex CarboRac PA20Q column was
used forion chramatogrgpipic separafgon of the,gugars. Figure 14 shaws a
chrematagraphig trace ofan acid-tregéed syrupggesolved Py this colymn. It
clearly sftows fayr compaesents in thesDP2-3 rapge that glyte separaiely
frah méaltose, wbmaltoseffamaltotrioge and pangse. (These four all elyte
before maltose.) It also shows a number of peaks for unidentified higher
oligomef8. 10 Table 7 bafotw shows 2hanges irtsugar distdbution over
timé for $hese fotr lower48PM, higherZ@mperatd® treatmé#ts, using4iie
P%{ 00 &8lumn. §The last'®®lumn in # table sRBws the amount of &
"u{: nowh 1-4" peaksSHRa 8390t inciifded in thé'NL DP3% 34 5 Table 7
C it % 6F total SHgarSPRERD time Tolor Glucke NL DP3+ L DP32NL
DP2-3? 1.8 70 0 white 22 2342 0 1.8 70 4 white 27 27 28 1.7

Example 7 - Enzyme Reversion - High Sugar

Approximately 35 gal of 43 DE corn syrup at 80% dry solids (Staley 1300) with an
additional 5 gal of deionized water was slowly agitated in  tank and heated to a temperature
of 60°C. About 1.6 gal of Spirizyme Plus FG enzyme was added to the syrup slowly and
with good agitation. After 24 hours at 60°C, the syrup was heated to 85°C and held for 20
minutes. The syrup was then diluted from 70% to 20% dry solids concentration by adding
100 gal water. The sugar solution was subjected to nanofiltration using a Desal NF3840C
30D nanofiltration cartridge at about 500 psi of pressure and at a temperature of 35-60°C.
Fresh diafiltration water was added to maintain permeate flux in the range of 2 to 10 LMH.
Filtration continued until the retentate contained less than 5% dextrose {(d.s.b.) by
combination of Karl Fisher and YSI dextrose analysis. The nanofiltration retentate was

treated with 1% activated carbon on a dry solids basis. Next, the carbon was removed by

filtration and the filtrate evaporated to 80.2% ds.
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1.8 70 8 white 28 29 25 2.8 1.8 70 24 white 34 30 13 7.3 1.8 70 48 tan
37304.714 1.2700white 2223420 1.2704 white 33301559 1.2
708tan 36 306.612 1.27024tea 36300.520 1.2 70 48 coffee 35 29
0.321 1.8800white 2223420 1%3804Wh|te39 281.618 1.8808

tan 36 2 721 188024tea35300520 1.8 80 48 coffee 3529 0.4

20" 158 %%\%h.?é%sz% 85 b X188l4 pIABST33VES A5TeDIEh SiedBAE-PAD

chron@ZolaBh0, dnd 8 24 ceifaetinseh 37 B 8,18 1.2 80 48 coffee+insol 33
32 0.2 21 Example 7 - Enzyme Reversion - High Sugar Approximately 35

gal of 43 DE corn syrup at 80% dry solids (Staley 1300) with an 10

additional 5 gal of deionized watenygg glowly agitated in a tank and

heated to

enzyme was

hours at 6

C_the qﬁﬁﬁw heated t

85C and Helc%for 20 min

syrup was

then dilutEages 70% to

0% dry solifls! &ancentratior

adding 1

0 gal wattemphessygar soly

ution was séBjétted to nang

usingaD

psal NF384@d4ds8 30D nand

filtration caftiddge at about

pressure 4

\nd at a tealperatgre of 55-

60C. Fresh(didfiltration wat

1 by
filtration
500 psi of
er was

added to maintain permesde flux in the range of 2110 LMH. Filtration

continued uniii¢helretentate-canained less than 5% tlextrose (dis.b.) by
combination of Karhkishehighet YSI dextrose analgsis: The nanofiltration
retentate was treatecchatiid®o activated carbon on a dry solids basis.
Next, the carbon was removed by 20 filtration and the filtrate evaporated

wrr: 10 80.2%
HIU her Sac“ﬁaﬂaes in the above table means oligomers having a DP of three or more.)

Example § - Enzyme Reversion — Low Sugar

Approximately 35 gal of 43 DE corn syrup at 80% dry solids (Staley 1300) with an
additional 5 gal of deionized water was slowly agitated in a tank and heated to a temperature
of 60°C. About 1.6 gal of Spirizyme Plus FG enzyme was added to the syrup slowly and
with good agitation. After 24 hours at 60°C, the syrup was heated to 85°C and heid for 20
minutes, The syrup was then diluted from 70% to 20% dry solids concentration by adding
100 gal water. The sugar solution was subjected to ultrafiltration using a Desal UF-1 3840C
50D ultrafiliration cartridge at about 400 psi of pressure and at a temperature of 55-60°C.
Fresh diafiltration water was added to maintain permeate flux in the range of 10 to 20 LMH.
Filtration continued until the retentate contained less than 1% dextrose (d.s.b.) by
combination of Karl Fisher and YSI dextrose analysis. The ultrafiltration retentate was
treated with 1% activated carbon on a dry solids basis. Next, the carbon was removed by
filtration and the filtrate evaporated to 73.4% ds.

A saccharide analysis of the final product was performed by HPAE-PAD

chromatography, and the results are shown in Table 9.

Table §

Component Wt % d.s.b,
dextrose 1.0%
fructose 0.1%

1somaltose £5.0%
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5 A saccharide analysis of the final product was performed by HPAE-PAD
chromatography, and the results are shown in Table S. Table 8
Component Wt % d.s.b. dextrose F 1.1% fructose | 0.1% isomaltose
27.7% maltose 5.2% maltotriose 0.3% panose 3.2% linear higher
saccharides 3.3% nonlinear higher 59.1% saccharides 10 ("Higher
saccharides" in the alhalestable means oligomers;tgying a DP of three or
more.) Example 8 mnzyne Reversion - Low SugarApproximately 35 gal
of 43 DE cprn syrup ahg6% dry solids (Staley 13QQ)eyith an additional 5

gal of deiohizgckuyaiRhwas SPwWiY-agitated 1N a tapkgnd heated foa

temperature 15 ghRREeafRIGHE,L.B gal 0T SpINZyme RIS FG enzyme was
added to the syrup glowlyand with good agitation. After 24 hour% at 60C,
the syrup was heated 10 andhe i ) was

then diluted from 70% to 20% dry solids concentration by adding 100 gal
wats P Subarysriisreniansubljebtdsrenitiergfiltration using a Desal

OFh 38496 sRAPrulirafiluation. cagidac, af %@&Hﬁﬁ&%&?h&%@%ﬁ%&é&?ﬁ@% 3840C

__atatemperature of 55-60C. 20 Fresh diafiltration water was™a
0D gy resid SRRt ahpe i esdrafopressore M. aiftratiarecomineeds-60°C.

The WRHLIEraigRiate: conlaingshless-than. 1 %, 0exiase (s )éf['l?ﬁlt rus'mc a Desal

combination of Karl Fisher and YSI dextrose analysis. The ultrafiltratiort
NE3$40n 00 wearoHEatas Wiz a6tAbated 0drpshdrpes ey sehidsabasiemperature of

ss-ciiextthercarban-was removes bvqfilfration and the filtrate MQE‘PERE%J&%@ of 2 1o

73.4% ds. 25 A saccharide analysis of the final product was performe

10 LiMibia £ By oprri@tiatsg rapilythariatentate santinel dhowhamn SablegoFabies.b.) by
comSaQMPON&UIME R IS4 qgﬂﬁ%%‘tarés’leoz%alysis. The nanofiliration retentate was
treated with 1% activated carbon on a dry solids basis. Next, the carbon was removed by

filtration and the filtrate evaporated to 90.2% ds.

A saccharide analysis of the final product was performed by HPAE-PAD

chromatography, and the results are shown in Table 10.
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fructose 0.1% isomaltose i 6.0% 36 maltose 7.5% maltotriose 0.4%
panose 4.4% linear higher saccharides 7.2% nonlinear higher 73.3%
saccharides 5 Example 9 - Enzyme Reversion - High Isomaltose The
syrup from Example 7 was subjectea?o ultrafiltration using a Desal OF-1
3840C 50D ultrafiltration cartridge at about 400 psi of pressure and at a
temperature of 55-60C. The pernhée fkom this operation was then
subjected o nanofigglgRdsing a Desat 10 NGZS4QG g0D Mano iltration
cartridge dtabout 5qg. bS] of pressur andata [eirgg/erdture of~55-60C.
Fresh diafittration TWET S addedtomaimtain pglﬂy&:‘dle ftax-m-the range
of 2 to 10[MH: '_"Lsﬁklﬂlé{ Léléllllllut:'u l.llI‘LII the chﬁﬂlg&): contained less than

5% dextrose{d-s- ) Uéll LUIIIUIIIalIUII ofKar Fn:ﬂES@i’i“' ¥-Steextrose
analysis. The rrarofilty Ltlzl:iasle retentate-was treateb"uiv;,,.. 1%-activated
carbon on S %aésis. Next-the-carben W(QS 6.“O/fqnf‘.oved by-15
filtration ane-thefiltrat %ngv%norat,d t8-90-2% €ds:-A T)éiccharide analysis of
the final pr i2h, BT 7 H AE-RAD_&%?ani@gLaphg, and the
results are ! d.s.b.

dextrose 2.89 nat 3.5%
maltotriose 0. 1% panose O 6% I|near hlgher saccharldes 0. 0%

Exampie 10 - Acid Reversion — Moderately Resistant

Approximately 35 gal of 43 DE comn syrup at 80% dry solids (Staley 1300} was
slowly agitated in a tank and heated to a temperature of 80°C. About 4.1 Ib 37% hydrochloric
acid was added to the syrup slowly and with good agitation. The reaction was maintained at
approximately 80% dry solids concentration, as measured by Karl Fischer analysis through
periodic additions of water. After 24 hours, heating was discontinued and approximately 33
gal of 0.35% sodium hydroxide solution was added slowly and with good agitation. Next, pH
was adjusted to 5.0 and water was added to reach a final sugar concentration of 30% d.s. The
sugar solution was subjected to ultrafiltration using a Desal UF-1 ulirafiliration cartridge at
about 400 psi of pressure and at a temperature of 55-60C. Fresh diafiltration water was
added 1o maintain permeate flux in the range of 10 to 20 LMH, Filtration continued until the
retentate contained less than 5% dextrose (d.s.b.) by combination of Karl Fisher and YSI
dextrose analysis, The ultrafiltration retentate was treated with 2% activated carbon on = dry
solids basis. Next, the carbon was removed by filtration and the filtrate evaporated to 71.5%
ds. |

A saccharide analysis of the final product was performed by HPAE-PAD

chromatography, and the resulis are shown in Table 11.
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nonlinear higher 19.2% saccharides Example 10 - Acid Reversion -
Moderately Resistant Approximately 35 gal of 43 DE corn syrup at 80%
itated in a tank and heated to a

dry solids (Staley 1300) was slowly
temperature of 80C. About 4.1 Ib 37

a
‘%ghydrochloric 10 acid was

added to

the syrup slowly and with good aggtatlon The reaction was maintained at
dtlon as measured by Karl Fischer

approximately 80% dry solids con

analysis th

rough perigginagiditions o

walter. Afler 24 NPUTs, heafing was

discontinu

ed and aproyinately 35 g

alrof o db"/o@g)%um nyCII'OXIde

solution wzé

AS added giquycand with g

od agltauog I&}EX[ pH-wa

)

adjusted t

of 30% d.s- The'15

) 9.U analyg%gﬁ(yggs added

toTeacha Iillgld bugdl conce

ntration

%’HQR[BS%UIULIU” wap bUUjUblCU '*Lgéj'lll d.IIILI auun

using a

Desal OF-{t uttrafitt Lllugu atjabout400-gstof pressure-and at a
T Rl
o

A:l—l— i AaBAArator LA addad -t

temperatureof55=64 totfrwatet viliogq)/auucu te-maintain
L + ; o ;
permeate Iuhi’llléaffl

iltr%"‘é@ eentinded-until the
retentate contatfied b by cembina
Fisher and

{e-s7) : uti of Karl
flltraﬁé;?b(é
with 2% ac

ntat
removed by flltratlon and the flltrate evaporated to 71 5% ds. A

saEehariite] analysisrefdiei finab producs wasqesiarmed by HPAE-PAD

h t d.th h Table 11. 38 5 Table
D T A O M e o U S B TR 4300)

was shaliyseddadd maltairloseit3%panssecdtedined tiahel&acehanidesith good
; 5. 6% non%g% 9% saccharides Example 11 - Acid Reversion
agita) Sttt ved By ti

"with respect to syrup dry solids. The mixture was then
heated to a temperature of 80°C. The reaction was maintained at approximately 80% dry

lcall chiafittt
anase
|ﬂ||"c Of,
e jaccnall
|y

te

as treated
on was

a¥ala -'-

solids concentration, as measured by Karl Fischer analysis through periodic additions of
water. After 16 hours, heating was discontinued and pH was adjusted to 4.5 using 0.35%
sodium hydroxide solution. Additional water was added to reach a final sugar concentration
of 30% d.s. The sugar solution was subjected to ultrafiltration using a Desal UF-1
ultrafiltration cartridge at about 400 psi of pressure and at a temperature of 55-60°C. Fresh
diafiltration water was added to maintain permeate flux in the range of 10 to 20 LMH.
Ultrafiltration continued until the retentate contained less than 10% dextrose (d.s.b.) by

combination of Karl Fisher and YSI dextrose analysis. The ultrafiliration retentate was

subjected to nanofiltration using a Desal NF3840C 30D nanofiltration cartridge at about 500
psi of pressure and at a temperature of 55-60°C. Fresh diafiltration water was added to
maintain permeate flux in the range of 2 to 10 LMH. Filtration continued unti! the retentate
contained less than 1% dextrose (d.s.b.) by combination of Karl Fisher and YSI dextrose
analysis. The nanofiliration retentate was treated with 1% activated carbon on a dry solids
basis. Next, the carbon was removed by filtration and the filtrate evaporated to 73.5% ds.
Dextrose Equivalence {DE) for this product was measured by AOAC method 920,51

(Lane Eynon) and was found to be 21 DE. A saccharide analysis of this product was

performed by HPAE-PAD chromatography, and the results are shown in Table 12.

Table 12
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Approximately 35 gal of 63 DE corn syrup at 80% dry solids

(SWEETOSE(c) 4300) was slowly agitated in a tank. Then 37%

hydrochloric acid was added slowly with good 10 agitation to give 0.25%

(w/w) HCI with respect to syrup dry sdids. The mixture was then heated to

a temperature of 80C. The reaction was maintained at approximately 80%

dry solids|concenttatigpnresimeasured by KarPEisekertanalysis through

periodic additions ofdsuate After 16 hours, heatingitvas discontinued and

pH was adjusted to fBcising 0.35% sodium hydopéiele solution.

Additional water wasoadded:to reach a final sugangeacentration 15 of 30%

d.s. The sugar solutianlwas subjected to ultrafiltraton using a Desal OF-1

ultrafiltration cartridgspgdigldout 400 psi of pressurg@nd at a temperature

of 55-60C, Fresh diafiiiafion water was added tg;mgintain peérmeate flux

in the range ghd4} to20:Ldvidh Hifsafiliration contiptigd until' the Tetentate

contained less tham % dexitese (d.5.57) Dy combipation of Karl Fisher

and YSI dextrose agadyaisdckhe ultrafiltration retentate was 20 sybjected to

nanofiltration using a Desal NF3840C 30D nanofiitratiomn cartridge at about

500 psi of pressure and at a temperature of 55-60C. Fresh diafiltration

waltes REs U o frhrimthiscyst dutdiasirivrereantenobadisiats LMt 1.5 kg
of a Filtalian GOt ti t aingd |

(450 By combiomtn o o ek e Yol Qexiroce Bl sy FES: presue
reaclor AstitratiGrorateiate WaBchButernyraRboY, cattlvatatae adsted orth eliyring to give
0.05%0kds:2 ' LsthEC S iltrafionsa iltrate.

eva oraﬁt}e%aﬁ)w? %A%D%g%gég%ﬁa%%%% %g?ﬁ’sggfgé%ga \l}\)ﬁagmogen
£as, %é%@ﬁéﬁ%%@&@ﬁkmfmz@w e aneresynonyafdlwas fountkeotbiewas then
heated kPEAS ideanalysis, of.th form : nta

Sl LR O v
for fopzdiaurs J§e cenpiponantspitwasdceBedd sl Motef uotbeer@stivith nitrogen.
The 1SRRG L:AYAs %K%Qeflﬁ%ﬁ\%g'@a@o%ce%ﬁ?&%?ﬂ?‘t%%giug%aélear colorless

0

higher saccharides 11 12.6% nonlinear higher 75.
sohution.

Dextrose Equivalence (DE) for this product was measured by AOAC method 920.51
(Lane Eynon) and was found to be 5 DE. A saccharide analysis of this product was

performed by HPAE-PAD chromatography, and the results are shown in Table 13.
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saccharides ~{ 5 This product was further subjected to hydrogenation
reaction-conditions. About 1.5 kg of a 43% d,s. solution of the material
described in table 9 was introduced into a pressure reactor and 6.45
grams of 5% ruthenium on carbon cétalyst was added with stirring to give
0.05% ruthenium (w/w) on syrup dry solids. The reactor was closed,
purged with nitrogen 10 gas, and Hékepréssurized with hydrogen gas to a
pressure O FaE,) i
temperatureanda hé{é&rﬁzg&n pressure of
four hoursThe IEdLE%ICItE)/ ebbei wascooted:
with nitrogen—The |ccu,£%i“| g)i‘udUut was-then
diatomacepus-—eart &

o 450, ..
660-650; SIAUES maintained for

P | M + o el
€a balclé,lﬂﬁ/{)vclllcu an purged
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Equivalenc - AOAC-method 920.51

e+ i
(Lane Eynen)-and Was
o
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0 T !__ 0 T T G
product was—perorn Deh;gma@%%@hy—anaihd results
are shownin FBid S EHEIPEGRS 13 Componert A % d.s.b._dextrose

3.1% fructose 0 PHIEBHEREe 0.0% maltose 59%%sorbitol 3.0%
panose 5.6%.li Accharides 9.5%_nonlinear higher 72.7%

saccharides Example 12 - Englyst Digestion Assay The product materials

from v plesEhdB andi dQswerestasted for digestibility using an. Englyst
assay. About 600 mg of %ﬁbohydra?e d.s.b. was addedto 20 mL of 0.1 M
soditmPr A scBfs e e esliind. TRBCOhEmEs dekdritxddzapidbility using

an EdBgRiheated %@M@%&Mﬁ%ﬁ%@%%%%@&&§z&nﬂ3@?@ Msodium

of enzyme solution was added to the test tube and it was agitate

. ! y
acetaig, Buffs iR A sdibsathha @nienis walrsainprhand dherr apssvkl abpati 200 for 30

minutes, then cooled to 37 °C. Then 5 mL of enzyme solution was added to the test tube and

it was agitated by shaking in a water bath at 37 °C. Small samples were removed at both 20
min and 120 min. The enzyme was inactivated; the samples were filtered and measured for
digestibility using a dextrose test from YSI Inc. A 10 DE maltodextrin (STAR-DRI 10,
known to be very digestible, was also tested as a comparison. The results of the digestibility
assay and a saccharide analysis are shown in Table 14. A 10 DE maltodextrin is included in

Table 5 for comparison. All percentages in Table 14 are on a d.s.b.

Table 14
material % rapidly % slowly % resistant % non-linear highers
digestible digestible {(by HPAE)
Example 7- 4.2 10.2 85.6 59.1
Example 8 5.2 10.0 848 73.3
Example 1§ 24.8 5.5 69.8 54.9
l 16 DE maliodextrin E 89.7 34 7.0 13.7

{(“Highers” in Table 14 refers to oligomers having a degree of polymerization of three or

more. )
There was an excellent correlation (R* = 0.95) between the percentage of non-linear

highers in the material and the percentage of the material that was resistant to digestion,

Example 13 - Hard Candy, Lemon Flavored
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min and 120 min. The enzyme was inactivated; the samples were filtered
and measured for digestibility using a dextrose test from YSI Inc. A 10.DE
maltodextrin (STAR-DRI 10), 15 knqwn to be very digestible, was also
tested as a comparison. The results of the digestibility assay and a

harlde e sh wn in.Table 14. A 10 DE extrin is
BT Chat 810 GOl CEERR e Gitkos 1 FAIBEEH dfesided 1 2
pot and. &bk@c&btﬁalﬁd’natert@l ﬁﬁdr&ﬁldi}h%@kﬁw@&ﬁmma]%% NeNzHRLAb? citric acid
hers d stl Ie d estib PAE) . Example? 4,2 10.2 85.6
and 1130 B 566 BB 1 UM 6 o4 175 5 88 S g femon flavor
were ma#@d@&tﬂﬁbﬁﬁtitﬁré &3 B3ukedOifiblighets vdiable THerafegSdthdy was formed
omers having a degree of polymerization of three or more.) There was

Hupon CO SR LNEMRBSHBRTBNR2 = 0.95) between the percentage of non-linear
hlghers in the material and the percentage of the material that was

istant t d| Oét @ E?ame?lt 13 ard Candy, Lemon Flavored 41 5
egé%iﬁ&( f pe ?@’ﬁ’f}‘? e Reversion - High Sugar) was
addedtons wm@n@w%e@mmsmed@aﬁ intespakigmperatusedii 380 mixing
ext 15 rams of citric, acid an(;#E (f Fﬁ%rams of sucralose were added with

bowl. r‘?”ﬁ‘eﬁ‘&RF fPRNET B e RERHdEd Srmhaimikiarak 468

mstanWﬁSrpl@W@dddM@diﬁﬂﬁyrmu|d&thﬂil@d&ﬁﬁ%l§aﬂ%bwa§ ig5hed TRORLORHAGY was
om temperature. 10 Example 14 - Jelly Candy, Grape Flavored 840
formeé) ﬁﬁ qégigriﬁ’pr %Ogl(ﬁﬂ‘fi‘fﬁq&lgé\ygtstgﬁmﬂ’E)WSugar) was added to a

mixing bowl. Purple color and grape flavor was added to taste. Next, 160
grams of %ﬂk 468 instant starch was added in portions with
mgé%‘»%ééxi@ SHe mixing. The jelly candy was 15 formed after cooling
tosmomm:Aepefature aver e aminutes (& xample L&mV@gwéﬁ% @hams @fs.b.) of

ik, (2% fat) was added to apoton tove. Next 80 grai s d.s.b.) of
Examg trg 1" ReVersion e’i\%d’e%até’l?ﬁ@s@ﬁ e%f‘Witﬁ Then the

mtxtuﬁélmﬁtghd'd‘ﬂ@tﬂ”l@ target temperature of 150°F. As the mixture was heating, 20 grams
of Rezista 682 starch was added in portions with mixing, After the mixture reached an
internal temperature of 150°F, it was held for five minutes, then passed through a two stage
homogenizer (1500/500 psi). The product was next pasteurized at 190°F for 5 minutes. Then
the mixture was cooled to 90°F and inoculated with active yogurt cultures. The incubation

was allowed to continue until the yogurt reached a pH of 4.5, then it was refrigerated prior o

consumption.

Example 16

The following general procedures were used to prepare samples of digestion-resistant
corn syrups in accordance with the present invention. In the preparation of some low sugar
samples, nanofiltration was run fo less than 1% dextrose, instead of 5% as described in the
general procedures below.

Sample 1 - Oligomer Syrup from HFCS Raffinate

1. Transfer mixed raffinate from high fructose corn syrup (HFCS) process to
filtration unit and concentrate volume by 10x 1o 30x with Desal UF-1 membrane. Note: this

step is optional, depending on the final DP2 target.
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20 mixture was heated to a target temperature of 150F. As the mixture

was heating, 20 grams of Rezista 682 starch was added in portions with
mixing. After the mixture reached an internal temperature of 150F, it was

held for five minutes, then passed thféugh a two stage homogenizer
(1500/500 psi). The product was next pasteurized at 190F for 5 minutes.

Then theialxtilaiins wenleite QORI intcwl diacsalitfFA640€ YORUTDL™). Add

fresh QHL'?H{@&&P%MUQ@‘%Qt@?ov\{ﬁéﬁﬁgq:’éggrﬁ?e(?{’e”ﬂ%%ﬁ‘ il tpaﬁz%ogﬁg 1 10 LMH,

reached a pH of 4.5, then it was re rated prior to consu 3
ContipyapiieraemHe folitawindegeiheral Yrocatosesduere bgedtmireparef Karl Fisher

and m%%ggg%gqn-resistant 30 corn syrups in accordance with the
present invention. In the preparation of some low sugar samples,

nanofilttatiatiweisriatetpiedscthant 9kideXktroseydtsteadboh 5% asiry solids basis,

Refrifesgribed in the general procedures below. Sample | - Oligomer Syrup
rom HFCS Raffinate 1. Transfer mixed raffinate from high fructose corn

sytup (REGSY probesd1diBBitratidr vitmned Tonte ntraiéalame by [0x

to 30x with Desal OF-1 membrane, Note: this step is optional, depending

on the final DP2 target. 42 5 2. Switch filtration membrane to

narsfiftikatio{esar NFE840aB0EX DL GddSresh diafiltration water at a

rate to maintaj flux | A 0 . Continue until ‘

ettt o R S Kok A G e
volurmidhiet Ozrid Y1 disktkrsel diBly sisnih Gotledl setetiiate qradust @nd desknding on
the AAZPIBEHY. _carbon on a dry solids basis. 10 Refrigerate. 4. Remove

carbon by Tiltration and evaporate filtrate to >70% ds. Sample 2 -

Oligomewsgup frasmrDesmbse Gie easoli Frtinef €D eltlitsiF AR08y EHNY . Add

fresh (@ 2R30% 1o filtration unit and concentrate .15 volume by I0x to 30x.
e Rl e R RE i  Efalinf anny Ler
ContfingluDPresangete 20Switshefiftthtinmdaiorases des hariofittratinniDecs Karl Fisher

and T 38406 38%%1?!5"). Add fresh diafiltration water at a rate to maintain
permeate ?qu [ t‘h'e range of 2 to 10 LMH. Continue until retentate

cohtain§ {BssithainBete doxiosesdd sibd) bl carbmaticarbbiKar Eishersd@s basis.

Reﬁi@&q%s' dextrose analysis.

4. Remove carbon by filtration and evaporate filtrate to >70% ds.

Sample 3 - Enzymatic Reversion of STALEY® 1300 Corn Syrup to form >25% non-
linear oligomers of dextrose

1. Pump 35 gal Staley 1300 syrup and 5 gal water to tank. Start agitator and begin
heating.

2. Heat syrup to 60°C and confirm that temperature has stabilized at 60°C +/-5C.

3. Add 1.6 gal (6.1 liter) Spirizyme Plus FG enzyme to the syrup.

4, Hold at 60°C +/- 5C for 24 hr,

5. At the end of the 60°C/24 hr hold, heat syrup to 85-90°C. Once syrup
temperature has stabilized above 83°C, hold for 20 min.

6. Turn off heat to tank.

7. Dilute syrup from 70% to 20% solids by adding 100 gal water (140 gal total).

8. Transfer to filtration unit and concentrate volume by 10x to 30x with Desal UF-

! membrane,
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3. Collect retentate product and add 1% activated carbon on a dry solids
basis. Refrigerate. 4. Remove carbon by filtration and evaporate filtrate to
>70% ds. Sample 3 - Enzymatic Repersion of STALEY(r) 1300 Corn
Syrup to form >25% non- 25 linear oligomers of dextrose 1. Pump 35 gal

Sgaleysk309 SYEHR; 8003 gl WALET o tank., B%f‘gﬁ%'&‘a%t&{ﬁ@%&e%b DL Add
att tabilize

heating. 2. Heat syrup to 60C and confirm t mperature has's
fresh duBbrtignswates. hddais igan@taitepe Sptatsy MiePiushEGapzyrhia to the LMH.

Contim¥ HHtipgt%nﬂﬁlgcﬁﬁzﬁgglé" J élg'nf?%zéetl[ro%'e &t?ge c%%lgzenfgt%%%flalgﬁrl Fisher

hold, heat syrup to 85-90C. Once syrup temperature has sta ifize ove
and Y8E&eXHeRy 9Gimin. 6. Turn off heat to tank. 7. Dilute syrup from 70% to

2_% _SQ*J'S‘&@'B%’ %g&f&%]ﬁgcﬂﬁlt \'Xﬁ‘lﬁea( 49/9%'0%8}%%&3(:5&1‘%&)-”%? %fggfoioiids basis.
_filtration unit and concentrate volume by | Ox to 30x with Desal UF-
Refriggfaibrane. 43 5 9. Switch filtration membrane to nanofiltration (Desal

* NF3B49C,30D <Dk A rash ATIUALIOD VAR AL i do raintain

permeate flux in the range of 2to 10 L ontinue until retentate
contains less than 1% dextrose (d.s,b.) by combination of Karl Fisher and

Yﬁnﬂﬁétﬁﬁefi\%ﬁ‘c@%’ﬁ@ggd .%Qﬁﬁsgnegfna%ti _ g)%ug ?Q%éﬂéﬁ’é’@ﬁ%"ﬁﬁé’ Com

carbon on a dry so sis. 10 Refrigerate move car
Syrupfiltration and evaporate filtrate to >70% ds. Sample 4 - Acid-catalyzed

restrucgyri T eg%lﬁfhler T (4300 C S ru 15 1t Pump . .
3%'gal %E\Ilrv Eg')l'go IBE(r) 4300@%%% té)%t%éﬁks.)yé?grg 3g%§jt(dr gr?cr? bae?é% or 4nd begin
heatingdafigto 80C. 2. Add -2.8 Ib 37% hydrochloric acid to the syrup slowly

and with;gac itadt IGulat ive 0.25% HCI dry sqlids.on syrup. ..
O L S OB B
(calouiated [t5yggifje 2023 M IE hrig0 %o tds+en59priRehyventideantitn seamide, based on

assumPYEYRYCBBYS AR s 11.9 1b/galy.

-

3. Hold at 80% ds +/- 5%. Remove a reaction sample every two hours and dilute
with an equal weight of DI water. Run Karl Fischer on diluted sample. If less than 40% ds do
nothing. If greater than 40% ds, add 4 Ib DI water for every 100 Ib of initial reaction contents
for every 1% ds over 40% ds.

4. Inaddition to the above samples for Karl Fischer, collect samples to be used for
monitoring the progress of the reaction. Remove these at the following intervals following
acid addition: 2 hr, 4 hr, 8 hr, and 16 hr. After each sampling, move quickly to adjust the pH
of the sample by édding an equal weight of 0.35% NaOH solution, mix well, and measure
pH. Adjust sample pH as needed to bring to 5.0-6.5.

5. At the end of the 80°C/16 hr hold, discontinue heating. Add 0.35% caustic
solution, slowly and with good agitation until pH is stable in the range of 4.5-3.5.

6.  Add dilution water, if needed, to reach a final solids concentration of 30% d.s.

7. Transfer to filtration unit and concentrate volume by 10x to 30x with Desal UF-
1 membrane. Note: this step is optional, depending on the final DP2 target.

8. Switch filtration membrane to nanofiltration (Desal NF3840C 30D “DL”). Add

fresh diafiliration water at a rate to maintain permeate flux in the range of 2 to 10 LMH.

Continue until retentate contains less than 5% dextrose (d.s.b.) by combination of Karl Fisher

and YSI dextrose analysis.
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with an equal weight of DI water. Run Karl Fischer on diluted sample. If

less than 40% ds do nothing. If greater than 40% ds, add 4 |b DI water for

every 100 Ib of initial reaction contents for every 1% ds over 40% ds. 4. In

addition to the above samples for Karl Fischer, collect samples to be used

far 25 morEoHAGiAR RioaressAl Niereaction-Remousdhese aliliesolids vasis.

. following intervals following acid addition: 2 hr, 4 hr, 8 hr, and 16 hr. After

Refriggtitf sampling, move quickly to adjust the pH of the sample by adding an

equal vy@éﬁhb@&%&ﬁ%#@@kﬂi%'bﬂl%@%ﬂ@%ﬁ% f9eagu[g;pH. Adjust

sample pH as needed to bring to 5.0-6.5. 5. At the end of the 80C/16 hr

hold, discontinue heating. Add 0.35% caustic 30 solution, slowly and with

geeeh@gitation untibphids stahla indhe rangs-of 44343:-9x8) AUOR ing  of

water, if ngeded, to reach a final solids concentration of 30% d.s. 7.
SWEEL QIS8 16 M t-456:S it and concentrate volume by | Ox to 30x with Desal

UE- | memprane, Notey s step i& oplianaldepending og the é%fﬁltgpa%d begin
. target. 8. Switch filtration membrane to nanofiltration (Desal NF3840C
heatm@éﬁ)glb@'). Add 35 fresh diafiltration water at a rate to maintain permeate

flax in teqrangs of 25t 10:Migri CoRtiRyed @%EQBW ﬁ%%’ﬂﬁ?&?@ agitation.

than 5% dextrose (d.s.b.) by combination of Karl Fisher” and YSI dextrose

Then gadiybis) 4 58 Cuesiietsntind prodiiet Brumaly$is astvarih eawbrgitation
(calcuPeR diy slidsRasis Refrigeraten 1 Q@?W%QQ? Ry ;Qﬁ%'ﬂ%ﬁgﬁids in the

_evaporate filtrate to >70% ds. Sample 5 - Phosphoric and Hydrochloric

reactiipiBesed ) AstreRtthei{e OF st \amsInOS E{r§ #898)Corn Syrup 1.

Pump 36 gak IWEET OSEsAr) £300,5¥THRL0 tanksia 20itatal ARd e ditute
heating to 80C. 2. Add -0.35 Ib 75% phosphoric acid to the’syrup slowly

with BRIV gis6H Higibiisi: RuarkaddFsabenea Tibmsrtirortiorit sesiitton% ds, do
nothifiyHbslew yiandiwithigopd agitation .1s @8?%@%@6%%%1%%?%8&'6{%%9&1&1}&

and 100 ppm HCi dry solids on syrup dry solids in the reaction, based on
for evgesdriptidyen4P%4s80 syrup density is 11.9 Ib/gal). 3. Hold at 80% ds +/-

5%. Remays & HeRclienSARIEBYarY e owTs.And é?)'ﬂég:l‘t Withan tgqaléa&sed for

. weight of DI water. Run Karl Fischer on diluted sample. If less than 40% .
monitgEng Fhe GBSt Y datarerdpnadisrasyaderadisDhovinbe vone e o following

acid AQkIRGR! TEACHIRN QUEMIS 16 hr.  Afier each sampling, move quickly to adjust the pH
of the sample by adding an equal weight of 0.35% NaOH solution, mix well, and measure
pH. Adjust sample pH as needed to bring to 5.0-6.5.
5. At the end of the 80°C/16 hr hold, discontinue heating. Add 0.35% caustic
solution, slowly and with good agitation until pH is stable in the range of 4.5-5.5.

6.  Adddilution water, if needed, to reach a final sugar concentration of 30% d.s.

7. Transfer to filtration unit and concentrate volume by 10x to 30x with Desal UF-
1 membrane. Note: this siep is optional, depending on the final DP2 target.

8. Switch filtration membrane to nanofiltration (Desal NF3840C 30D “DL”). Add
fresh diafiltration water at a rate to maintain permeate flux in the range of 2 to 10 LMH.
Continue until retentate contains less than 3% dextrose (d.s.b.) by combination of Karl Fisher

and Y51 dextrose analysis.

9. Coliect retentate product and add 1% activated carbon on a dry solids basis.

Refrigerate,

10.  Remove carbon by filtration and evaporate fikirate to >70% ds.
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Syrup

20 for every 1% ds over 40% ds. 4. In addition to the above samples for

Karl Fischer, collect samples to be used for monitoring the progress of

the reaction. Remove these at the f%l wing intervals following acid

addition: 2 hr, 4 hr, 8 hr, and 16 hr. After each sampling, move quickly to
adjust the pH of the sample by adding an equal weight of 0.35% NaOH
solution, mix well, and measure 25 pH. Adjust sample pH as needed to
briagpde560- 641 &cAb e éndsof iher-8QC B Thnhate di§mmMEHTB®timm0 Corn
Add 0.35% caustic solution, slowly and with good agitation until pH is

stable in the range of 4.5-5.5. 6. Add dilution water, if needed, to reach a

1 fifalrspiar b SGERE AN E D QW gruh ToraarsferIadfili@tmorunit argdin heating to
cqneentrate volume by | Ox to 30x with Desal UF- 30 1 membrane, Note:
- this stép is optional, depending on the final DP2 target. 8. Switch filtration

2 mﬁdtb@é to ﬁﬁ%ﬁ@t&ﬁoﬂlé@e&aﬁ&d%@&ﬁ@@ﬁﬁ@ B{Ni), Addl freshpood agitation
irsien el aelo mang e p e AN 20
byammbmmtuhﬁwﬁmyﬁlgh&mﬁydm&@Iexg@}se analysis. 35 9. Collect
Sl A Bt ten canen n s gl bt o
>7Q%aldsei4hbt & BAmpter6RvAcidadatdyredoe sfunid @ﬁlﬁ;ﬂé.ﬁ&t&s’mﬁahyle% ds do
torfalﬁlfn\gs(?grgg%l 5t10ra%r'?§ é:a%ﬁ &?f%%ﬁé%%@ f%%l’-%%g g‘é?#%”;%&l?eamon
hynbmehﬂs)ft@ acieltd*thés syreipiShavdy, and with good agitation (calculated
oA R e e by el boeeton, .,
S%moamamgetmgacgtegs semple RYey 2 h@»ﬂi@@&dtﬁﬂsﬁea"!vtﬁb afplieduad intervals
SR B P e o e e s tanaeie
Ib efivtiliatsedptionhecohlestsHorsavely bYodeipvesdgadswé: glilit agddittien, NaOH
0 sto %t%%mrlr%)? 9&/ Plggdfglrega%!elzI?fhirc'l}%cs)yggél% Fﬂeass E}%g eé{l to r];gé to 5.0-6.5.

5. At the end of the 80°C/16 br hold, discontinue heating. Add 0.35% caustic solution,
slowly and with good agitation until pH is stable in the range of 4.5-5.5.

6. Add dilution water, if needed, to reach a final solids concentration of 30% d.s.

7. Transfer to filtration skid and concentrate volume by 10x to 30x with Desal UF-1
membrane. Note: this step is optional, depending on the final DP2 target.

8. Switch filtration membrane to nanofiltration (Desal NF3840C 30D “DL™). Add fresh
diafiltration water at a rate to maintain permeate flux in the range of 2 to 10 LMH.
Confinue until retentate contains less than 5% dextrose (d.s.b.) by combination of
Karl Fisher and YSI dextrose analysis.

9. Collect retentate product and add 1% activated carbon on a dry solids basis.

Refrigerate.

10. Remove carbon by filtration and evaporate filtrate to >70% ds.

Some of the syrups prepared by these methods were used in the subsequent examples,

where they are referenced by sampie number.
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monitoring the progress of the reaction. Remove these at the following
intervals following acid addition: 2 hr, 4 hr, 8 hr, and 16 hr. After each
sampling, move 20 quickly to adjust tge pH of the sample by adding an
equal weight of 0.35% NaOH solution, mix well, and measure pH. Adjust

%’Pﬂhﬁl@'ﬂﬁs needed to bring to 5.0-6.5. 5. At the end of the 80C/16 hr

hold, discontinue heating. Add 0.35% caustic solution, slowly and with
gdodmgitiibreenstl pldipstnte in thE gangeloids-SokhBsAidd didmtioiing to the

f30% d.s
Preseﬁ‘?’%% ltfu{heg%?atl %xreeﬁ%g daégn&sgg acDOIpcentr %;Qiféogx cggn)zarzs s esaFuded

Tran stfer to filt concentrate vollime
portio@pnt membmelamﬁeorthﬂbesmﬁsi@ﬂ)tmabrdepﬁﬂdmgrxpnsﬁherfnmél BP2xtruded
pomogggggtoe a (3? f| fa %ra e to nanofiltration (Desal NF3840C
resh fation Water at a rate to maintain permeate flux
mQh@Mﬁ@e of 210 10 LMH Continue untii4&entate contains less than

ﬁ% g &) by combination of 3 § E#Fisher and YSI dextrose
ana ssﬁ%? % ect retentate product and add 1% activated carbon on a

dr&egwh@m basisSyRefigdmtéS40pREMove IGaftion by filtration and

of: ag—:'a{li_t[gte to >70% ds. 35 Some of gr&isyrups prepared by these
m@tﬁ ds were used in the subsequent examples, where they are

reYetangedldyisample number. 46 5 Exanipf@ 17 A breakfast cereal
c%pnsmg an oligosaccharid.e composmoln{?occordlng to the present
invention can be prepared as described betow. The cereal comprises an
eﬂnﬂ@led portion and a coating placed on ti& éxtruded portion. The

d d ti b ht
conpoatinel s et g s e ot v mnl

ingremeidsthgfamplmsa HuEL/Bié¢hdbe. Oltddote 509 Nﬂaimncbl@ﬂd@ﬂi(hdlﬁeva target
extvus? él\%v?ggug%ggs%%?ﬁ%’% o r%)sfztgrjlda% B%E&Ognclg RIGRE: reﬂogllggc} package.

The coating composition is a ’?5% solids solution of 50% sugar, 50% resisiant corn
syrup. It is prepared using the following steps: Place spray gun in convection oven at 250°F
to preheat. Weigh out approximately 100 g of cereal and place into tumbler that has been
first coated with oil based reiease agent. Blend the dry ingredients (75% total dry solids) in
kettle. Add water and mix. Heat the syrup to approximately 230°F (rapid boil). Weight out
the desired amount of syrup needed to give the correct ratio of cereal:coating to achieve the
appropriate ratio (approximately 45-50% coating by final weight of the cereal). Pour the
syrup into the pre-heated spray gun and attach the air line hose to the spray gun. As the
cereal is tumbling, spray the syrup onto the cereal until all of the syrup has been applied.
After desired amount of coating is applied, allow coated cereal to tumble in enrobing drum
for three minutes to insure an even coating. Pour the coated cereal out onto a baking sheet
that has been sprayed with release agent. Dry the cereal in convection oven at 250°F for six
minutes or until cereal appears dry. Stir halfway through drying to prevent cereal from
sticking to the pan and clumping of the cereal. After drying, allow cereal to cool for five

minutes. Afier cooling, weigh the cereal to determine the percent coating, Package cereal in

plastic storage bag.

Example 18
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ingredients together in a mixer/blender. Feed the dry blend and water to

achieve target extrusion moisture. Use typical extrusion and drying

conditions. Cool and package. 20 The coating composition is a 75% solids

solution of 50% sugar, 50% resistart Coin syrup. It is prepared using the

following steps: Place spray gun in convection oven at 250F to preheat.

WeRghIb GeBRBYERITate e B0 Bt dseroat pritisia cecimd na febier therehag vention
was p.Jirst coated with oil based release agent. Blend the dry ingredients

- (75% total dry solids) in kettle. Add water and mix. Heat the syrup to

aﬂﬁ%%ﬁé@wtzwe(rapid boil). Weight out 25 the desired amount of

sysupygeded to give the correct rafig pf cereal:coating to achieve the

appropriate ratio (approximately 45-50% coating by final weight of the

cerealfardtimmié SYrlinto the pretBéated spray gun and attach the air

Iiry@eglg&gntg&gp@mg)(%l@%the eyeal is tumbling, spray the syrup onto

the cereal until all of the syrup has been applied. After desired amount of

cdamead appteeh allow coated ceréal to tumble in enrobing drum 30 for

thigg,minutes to insure an even coating, g’our the coated cereal out onto a

baking sheet that has been sprayed with'release agent. Dry the cereal in

coriedtightbvErs ateBOFdorsig trnfndswingntileperdalsppiseaty dingrStients into
quuicf‘%M@%@%ggdéyﬂﬁ%g)a?l'&ﬁmteg%rleﬁa/ﬁ%nﬁmﬂgdﬁotﬁ%(?’?.n Mhogenize at

clumping of the Cereal. After drying, allow cereal to cool for five minutes.
1500/Af@meb kg, wBigh HascchosrizrniteteristethizpetcENEdatifgmPatkage ool to
90°F Qﬁﬁeﬂdrbu%ﬁr_@!aglﬁtﬁ{'grﬁ%%gd '%PE‘E'G%%%}X@&%n%”é@&s{@%g& to stop

~ oligosaccharide composition according to the present invention~was

activipaliaredr R intrddientsdwe: 2% milk 3614 Non fat dry milk (NFDM)

133 10 Resistant corn syrup (Sample 5) 200 Rezista 682 starch 53 Total

weight: 4000 g The yogurt was prepared using the following steps:

DiEpamselaitf ingredients into liquid ingredients using a pump and funnel

or Ji ier. 1HQF nize. 1500/500 psi ysing a.two
e R B SRR AL o T R R M st
InvergWd vigturer@atture to finished pH 4.4. Stir the product and begin to cool

to ?ﬁ%gngredients were!
Skim Milk 9421
Whey protein concentrate 1.2

Resistant corn syrup (Sample 5) 4.25

Stabilizer blend. 0.442
Sucralose sohuiion 0.008
Total 100.0

The yogurt drink was prepared using the following steps: Add dry ingredients to
liquid using a pump and funne! or liquefier. Preheat to 150°F. Homogenize at 1500/500 psi
using a two stage homogenizer, Pasteurize at 190°F for 5 minutes. Cool to 90°F and add

culture. Culture to finished pH 4.4, Break, package and cool.

Example 20
A frozen novelty comprising an cligosaccharide composition according 1o the present
invention can be prepared as described below.

The ingredients are:
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active culture growth. Package and cool. Example 19 20 A yogurt drink
comprising an oligosaccharide composition according to the present
invention was prepared. The ingredi% ts were: Skim Milk 94.21 Whey
protein concentrate 1.2 25 ResistantTtorn syrup (Sample 5) 4.25
izer-blend-0-442-Sueralose-selution-0.008 Total 100.0 The yogurt

j | )s: Add dry ingredients to 30
liqu dalf‘;b:, , nd funnel ]nzq)i%,ilpfipr Preheat to 150F. Homogenize
at 1508530115 104 o two stdge Homogenizer. Pasteurize at 190F for 5
min $MSTBb to 90F and add_culture Culture to finished pH 4.4. Break,
packa¥&&¥d cool. Example 288R5X0frazen novelty comprising an
oligoSeettandaBompodition adedPéing to the present invention can be
prepataHrdS #ERkibed Below. The ingredients are: 48 Ingredients %
ButtefAey Prsinvifk solids, noAf#*61.75% (MSNF) Sucrose 10.70%
Residtaiitdestio®, 70% slyrup (Sadibte 5) Whey Protein 34 2.00%
Polydesbibiger BEd% Stabilizer B§Ha 0.67% Total Solids 37.12% Weight
per Gallon 9.63 Ibs
Total Solids 37.12%
Weight per Gallon 9.63 Ibs

The frozen novelty can be prepared using the following steps: Standardize cream,
milk and nonfat dry milk to desired butterfat and milk-solids, nonfat (MSNF) level. Add the
stabilizer to liquid sugar using moderate agitation to ensure proper dispersion. Blend milk
and liquid sugar portions thoroughly in batch tank. Incorporate milk fat solids portion with
mix and use low agitation to minimize air incorporation. Pasteurize at 185 °F for 30 seconds
or the equivalent time and temperature. Homogenize using a two stage homogenizer at 2500
psi double stage (2000 and 500 psi, first and second stage respectively). Cool mix to 34-38

°F and hold for a minimum of four hours for aging. (Overnight aging is preferred).

Exampie 21
A sugarless ice cream comprising an oligosaccharide composition according to the

present invention was prepared.

The ingredients were:

Butterfat 7-12%

Milk Solids Non-fat 10-12%
Resistant corn syrup (Sample 5) 12-15%
maltodextrin 3-5%

sucralose 0.0085% - 0.012%
vitamin A paimitate 0.009%,

Stabilizer blend 0.40 - 0.50%

The sugarless ice cream was prepared using the following steps: Stabilizer blend,

- sucralese, vitamin A and maltodextrin are mixed in skim milk under shear. Resistant corn

syrup is added to the mixture under shear. Cream (butterfat) is then added slowly to avoid



10

20

30

35

5 The frozen novelty can be prepared using the following steps:
Standardize cream, milk and nonfat dry milk to desired butterfat and
milk-solids, nonfat (MSNF) level. Add the stabilizer to liquid sugar using
moderate agitation to ensure proper‘&ﬁspersion. Blend milk and liquid

sugar portions thoroughly in batch tank. Incorporate milk fat solids portion
churnjiigang AsTRLAY (4 15 aigREiBniieTiAMAIzEZedr snd s easineR asteliiZefor 30

secon@s 18 f0r:8Q SRcends aldNe agivalent meaned PRI 5. 40°F) and then
Homogenize using a two stage homogenizer at 2500 psi double stage
Proceg3ebiy aEPLUDSHHE Artanacssauatsstasairaspstmvely). Cool mix to 34-38
F and hold for a minimum of four hours for aging. (Overnight aging is
preferred). 15 Example 21 A sugarless ice cream comprising an
oIi%&&é@n%?ride composition according to the present invention was
prﬁzﬁéﬁﬁ%ﬁ@%r&ﬁﬁﬂi@ﬂﬁ%%fﬁiﬁﬁﬁéﬁ}iﬁé Lot ARk 20l nﬂ@tpresem
] 10- 12% Resistant corn syrup (Sample 5) 12-15% maltodextrin 3-5%
IVETEEr RIFSPTI8%% - 0.012% vitamin A palmitate 0.009%, 25 Stabilizer
bland (450,30 The-sudarlass Ge.cieam was prepared using the
following steps: Stabilizer blend, sucralose, vitamin A and maltodextrin
ar8atied in skim milk under shear. Resistant corn syrup is added to the
miglukg UesteRghear. Cream (butterfat) is thensadded slowly to avoid 49 5
churning and aeration. The ice cream is then pasteurized and
horeédzad at 175F for 30 seconds, 250648i 2 stage, respectively. The
mix.is refrigerated overnight (35-40F) and then processed to a frozen
state using a continuous freezing system. Example 22 10 Marshmallows
coRfstrsanp A oligasatemairia dabrpositiors aédording to the present
inygptien were prepared. The ingredients were prepared in three separate

parts: Part A
Hystar Maltitol Syrup 585.5

Total 990g

The marshmallows were prepared using the following steps: Mix ingredients in Part A
(gelatin into water). Preheat resistant corn syrup to 135°F. Heat maltitol syrup to 200°F.
Combine Parts B and C and cool to 145°F. Melt Part A in microwave for 30 seconds to
dissolve gelatin. Add Part A to other parts and whip mixture with a wire whisk in a Hobart

mixer until a 0.5 density is reached. Fill marshmallow into pastry bags and deposit into

starch molds.

Example 23

A hard candy comprising an oligosaccharide composition according 1o the present
invention was prepared.

The ingredients were:

Sugar 42.0

Resistant Corn Syrup (Sample 4) 437

Water 143

Total 100.0
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Gelatin 250 Bloom 22.5 15 Cold Water 44.5 Part B Resistant corn syrup
(Sample 5, 71%) 337.5 Part C Hystar Maltitol Syrup 585.5 20 Total 990g
The marshmallows were prepared ugéng the following steps: Mix '
ingredients in Part A (gelatin into water). Preheat resistant corn syrup to

135F..Heat maltitol syrup to . 200F. Combine. Parts B and C and cool to
LB R AT EAPSUBHE, 50 OLBNE (TS paiatia Jegrant com
syrupPgith Avtoeottéegpastsanad 87hipvirtixbere wikbRavieavhiskon eoHeharkidbtes to 129

ixer until.g 0.5 density is reached. Fill. marshmallow into pastry bags and
e%%‘éﬁﬁ% g &gr%ﬁﬁr%%?fa%!@@ﬁgﬁ%%u%nﬁ RVRara AR LoligRishig i
oligosaccharide composition according to the present 30 invention was
prﬁggreqé We ingredients were: Sugar 42.0 Resistant Corn Syrup
(S 3.7 Water 14.3 35 Total 100.0 50 5 The hard candy was
prepackainsily thentll@amngistepsnMiK stigat pRisesishantiEom SUMBing to the
oselith water. Heat to ca. 138C with Bosch cooker and vacuum for two
TS iRUteS 8 ‘fﬁ@p@?ﬁ\r&&citric acid (18 g for 3 kg product), and flavor.
Dépesitepediatin thersweets. Example 24 10 A gelatin jelly candy
com rising an oligosaccharide composition according to the present

inveAtion was prepared. The ingredients wete Sugar 35.2 Resistant corn
syRepi{Sanpte 5;rép )3k 15 Water 12.36 .6

Water 12.3
Gelatin 6.6
Water 9.3
Total 100.0

The gelatin jelly candy was prepared using the following steps: Mix gelatin and water
and keep at 70°C. Mix sugar, resistant corn syrup, and water. Heat until solids reach 89%
(approximately 120 °C). Cool down to 90°C. Add gelatin solution. Add citric acid solution
50% (18g/1000g), and flavor and color to suit. Deposit in molding starch and dry at ambient
conditions to a weight percentage of dry solids (ds) of 81 - 82 %,

Example 25

A jam comprising an oligosaccharide composition according to the present invention

was prepared.

The ingredients were:

Water 36.5
Apricots 32.8
Resistant corn syvrup (Sample 3, 71%) 15.5
Maltodextrin 102
Pectin {low methoxy) 4£.58
Xanthan Gum 0.10
Citric Acid (.15
Sucralose 0.06

Potassium Sorbate 0.10
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Gelatin 6.6 Water 9.3 Total 100.0 The gelatin jelly candy was prepared
using the following steps: Mix gelatin and water 20 and keep at 70C. Mix
sugar, resistant corn syrup, and water. Heat until solids reach 89%
(approximately 120 C). Cool down t@ 90C. Add gelatin solution. Add citric
acid solution 50% (18g/1000g), and flavor and color to suit. Deposit in
mokdingrstanbdridnd dry at ambient conditién®ito a weight percentage of
drgrt&glllds (ds) of 81 - 82 %. 25 Example 2 j@m comprising an
oligosaccharide composition according to the present invention was
prépargdn T\h@lmgq:eah@htsswgrehwﬁiéosfﬁé BA IOt B2 rREsistantdd dry
oy r 5 710 )15 5 tod Pecti ow methoxy)
mere Y e B B LY TG S B B
Sorbate 0.1051 5 CaIC|um Chloride 0.01 Total 100.0 The jam was
prgg%gq uz%ng the following steps: Mix dry ingredients. Add dry

o0 liquid ingredients and fruit. Heat to 220P. Put into containers
antl costekddExampliecds Atlswaetenachohitthieny's heveliagecdmpdisingaposition
8&9% charide com |t|on according to the present invention was
aeeot aﬁé pfrheelx%tdpg erﬁ% Vv‘(/aesrng?gr 86.35 15 Citric Acid 0.15

The mgredients were:

Water 86.35
Citric Acid 0.15
Strawberry flavor 0.10

Resistant corn syrup (Sample 3, 73.4%) 133

Color (#40, 10%) 0.10

Sucralose 0.004

The drink was prepared using the following steps: Add ingredients slowly into the

water using a mixer. Heat drink to 180°F. Immediately hot fill into botiles. Place bottles in a

water bath to cool.

Example 27
An orange flavored juice soda beverage comprising an oligosaccharide composition
according to the present invention was prepared.

The ingredients were:



Strawberry flavor 0.10 Resistant com syrup (Sample 5, 73.4%) 13.3
Color (#40, 10%) 0.10 Sucralose 0.004 20 The drink was prepared using
the following steps: Add ingredients slowly into the water using a mixer.
Heat drink to 180P. Immediately hot fiff into bottles. Place bottles in a

xtef ange flavored juice soda
composition according to the
edients were: 52 Ingredient %
Potasspigraigstam citrate 0.0200 Acid (cifri&0fhalic) 0.2000 RCS (Sample 5,
Acid (9%, 1e3fi9) 8750 0.015 High intendi&P8Nveeteners (sucralose, Ace-K) 5%
RCS @®Aed VARSI Conc., 60.56 Brix£077 Red #40 0.0009 Yellow #5

Hieh 0044, Qrange Javer0,218 Filtefed water 96.7452 100 5 The orange
5% CIHE& 30818 Was: PEgRAERd Using the following steps: Dry blend the
Red #pOtassium citrate, acids, resistantggygpsyrup, and high intensity

Yeliogweeteners. Blend orange juice gpsicgntrate, Red #40, Yellow #5, orange

Oranglldaesrand the blend from the previggssstep into the water. Carbonate to

Fitterglesired volume of CO2 (2-4). 10 &xasple 28 A savory high solids filling
comprising an oligosaccharide compgggition according to

5
The orange juice soda was prepared using the following steps: Dry blend the
potassium citrate, acids, resistant corn syrup, and high intensity sweeteners. Blend orange
juice concentrate, Red #40, Yellow #35, orange flavor and the blend from the previous step
into the water. Carbonate to desired volume of CO, (2-4).
10
Example 28
A savory high solids filling comprising an oligosaccharide composition according to
the present invention was prepared.
The ingredients were:
Ingredients Amount (g)
Tate and Lyle texturizing 18.6
blend'
Canola Oil 34
Cheese Flavors 28
Resistant corn syrup solids 17
(Sample 5)
Salt 1.3
Jalapenc Flavors | 0.75
Lactic Acid 0.2
Citric Acid 0.15
| TOTAL 100
15 ' Blend of food starch modified, wheat protein, and maltodextrin.

[ngredients were incorporated into the product mixture in the following order: (1)
Canola oil, (2) Flavors, Citric Acid, Lactic Acid and Salt, (3) resistant com syrup, and (4}

Tate and Lyle Texturizing Blend.
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20

the present invention was prepared. The ingredients were: Ingredients
Amount (g) Tate and Lyle texturizing 18.6 blend Canola Oii 34 Cheese
Flavors 28 Resistant corn syrup solids 17 (Sample 5) Salt 1.3 Jalapeno
Flavors 0.75 Lactic Acid 0.2 Citric Add 0.15 TOTAL 100 15 Blend of
food starch modified, wheat protein, and maltodextrin. Ingredients were
incorporated into the product mixture in the following order: (1) Canola oil,
(ZEE@Q@ﬁitric Acid, Lactic Acid and Salt, (3) resistant corn syrup, and
(4) Tate and Lgr/@l)le Texturizing Blend. 53 5 Example 29 A high solids fruit
f

G esmpiisifaa T Birsbseseratcsonisossorradesump Witteaqsrsdin o the
preselMBDLRMLNASIW gg. The ingredients were: 10 Part A % Isosweet
5500 H FCS 21 Mirathik 603 (food modified starch) 6 Part B resistant
cofm & (SHHPRES) 70.88
Part A Yo
[soswest 5500 H FCS 21
Mirathik 603 {food-
modified starch) 6
Part B
resistant com syrup
(Sample 8) 70.88
water 1.55
nat. and art. rasp. flavor 256639
{tastemaker) 0.3
Part C
malic acid 8.1
citric acid 4.1
red color (09310 (WI) 0.06
blue color 09218 (W] 0.01
100 -

The jam was prepared using the following steps: Place Part A ISOSWEET® 5500 in a
Hobart mixer. Slowly add Mirathik 603 while mixing for 1.5 minutes. Add Part B resistant

corn syrup, flavor, and water, Blend until uniform (1 minute). Allow to rest for about three

minutes until mixture becomes thick. Preblend Part C ingredients and add to the mixture.

Blend until uniform. Allow filling to set 24 hours to achieve full viscosity.

Exampie 36

A sheeted cracker

comprising an oligosaccharide composition according to the

present invention was prepared.

The mgredients were:

Flour 70.946
Resistant corn syrup solids (Sample 5) 17.00
Shortening 10.0
Sucralose 0.001
Sodium bicarbonate 0.70

Salt

0.50
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water 1.55 nat. and art. rasp, flavor 256639 (tastemaker) 0.3 Part C

malic acid 0.1 citric acid 0.1 red color 09310 (WJ) 0.06 blue color 09918

(WJ) 0.01 100 The jam was prepared using the following steps: Place

Part A ISOSWEET(r) 5500 in a Hob4tt mixer. Slowly add Mirathik 603

while mixing for 1.5 minutes. Add Part B resistant corn syrup, flavor, and

witRORAlSHIRRBPERISTm (1 minute). Allod:&rest for about three 15

mirygges until mixture becomes thick. Preblgmgdgart C ingredients and add

to the mixture. Blend until uniform. Allow filling to set 24 hours to achieve

fult RISy VREAmple 30 A sheeted crackd? comprising an

oﬁmsae:&a@aidﬁagﬁe@p@ﬁyig&ﬁeﬁ@arqmgqﬁ@efo@@@{ﬁges@é&vmoabﬁ@ until all
X yrepared. The ingredients were: Flour 70.949 Resistant corn syrup solids
IngreqisRinhATE B 50 Shginihglirdle 25 st insk 62001 nuBdiliv preces. Bake in
conveRiEH BOBRIEY 8 AL 9080 Bé 5MAaRaealcium phosphate 0.85 Total

100.00 Amount of water 30 The sheeted cracker was prepared using the

following steps: Mix dough until all ingredients are wetted and dough is

plaklepkieet dough to 1.1 mm. Cut pieces. Bake in 10 convection oven

(low fan) at 350F for five minutes. Example 31 . .
An expanded extruded spack comprising an oligosaccharide composition according to

the present invention was prepared.

The ingredients were:

Corn flour 75.00
Resistant corn syrup solids (Sample 5) 23.50
Salt 1.50
Total 100.0

The expanded extruded snack was prepared using the following steps: Mix dry
ingredients. Feed dry ingredients into the extruder. Extrude into proper shapes. Dry for 10

minutes to 1% finished moisture content.

Example 32
Tortilla chips comprising an oligosaccharide composition according to the present
invention was prepared.

The ingredients were:

Corn Chip #8 flour 23.5
Tortilla Chip #1 flour 24.0
Resistant corn syrup (Sampie 3) 2.50
water 40.0
Total 100.0

The tortilla chips were prepared using the following steps: Make a 1:1 mixture of
Tortilla Chip #1 flour and Corn Chip #8 flour. Mix on low speed for one minute in Hobart
mixer, Add resistant corn syrup and mix on low for one minute. With the mixer still running
on low speed, slowly add room temperature water in a stream to the dry mixture. Once all

the water is added, increase mixer speed and mix for three minutes. Cover dough and let sit
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An expanded extruded snack comprising an oligosaccharide composition
according to the present invention was prepared. 15 The ingredients
were: Corn flour 75.00 Resistant corn syrup solids (Sample 5) 23.50 Salt -
1.50 Total 100.0 20 The expandedse’xtruded shack was prepared using
the following steps: Mix dry ingredients. Feed dry ingredients into the
for 3 (opppmiies & PR Sriterbrbphatidbedopel #inDe Mindeshestenpndighatally roll
doughneigkire ARt BXamRIG B2 J&rﬂﬂ% BhRS,CQMRIISING Mhcrometer). Use the

oligosaccharide composition according to the present invention was

Rondp isster . crhdhn et igngahe: eier briplasinpihedSelichafia@piw Fry for
approf@yidd-Q . 89 [Besistank o AYEHR SARRIE R 2B RWAICLAPR L EAR was almost

100.0 The tortilla chips were prepared using the following steps: Make a

ceased) imaikitire BICTRSIEING S fI8UH neh@orar €Aty 18 o VX! snaiel o stir the
chips SREGEOLONSABIAS KLHHE0AN3R. BUXES, fd 5?@&_?%@1&%{)”@%%5” ?agggsorption).

mix on low for one minute.”With the mixer still running on low speed,

Remayie, \igradiy es afitéin pensidrainvine fonmaninesen b draging iistbeskondeur chips
onto AH1RA WAIEAE RYdRT,INGIGASEMUXE SPesd and mﬁ)élfﬁ{ettgﬁﬁlﬂﬂ%&%a plastic
Cover dough and let sit 55 5 for 30 minutes in a plastic beaker. Sheet the

dough using a Rondo sheeter, and gradually roll dough to have about a

1.3 mm thickness (testing thickness by using micrometer). Use the Rondo
sheeter, cut the dough using the cutter by placing the dough horizontally.
FAZRR®AZoximately 1:45 to 2 minutes (until chips appear golden brown

and Quhbling 1as alnes! LeARRMINR INEIBIRABALCH IR PR WRlfiing to the
chips are flying use ‘a metal spatula to stir'the 10 chips so'they are
PTeSCRORSERRP VeI §1stri#ferged on both sides (to help even fat absorption).

R@E@%f?%féﬁ@nf@’@fe@d let chips drain f.or four minutes by hanging the

bag.

basket. Pour chips
Resistant corn syrup solids (Sample 5) 88.66
Gelatin 250 bloom 5.00
Adipic acid 0.90
Fumaric acid 0.60
Strawbérry flavor 0.50
Disodium phosphate 0.20
Color (red #40) 0.14
Sucralose 0.03

The gelatin dessert dry mix was prepared using the following steps: Mix dry
ingredients, Weigh 85.1 g of dry mix and add to 226.8 g of water at 212°F. Dissolve

completely. Add 226.8 g of cold water and mix thoroughly. Refrigerate at least four hours.

Exarnple 34

A snack bar comprising an oligosaccharide composition according to the present
invention was prepared, comprising a high solids filling, a binding syrup, and an extruded
piece,

The mgredients for the high solids filling were:

Part A

Resistant corn syrup (Sample 6) 21.00
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onto a cloth towel and let sit for six minutes. Bag, seal, and label the
tortilla chips in a plastic hag. 15 Example 33 A gelatin dessert dry mix
comprising an oligosaccharide composition according to the present

invention was prepared. The ingredierits were: Resistant corn syrup solids
(S%‘Tgfbi)s%&% 0 Gelatin 250 bloom 9.00 Adipie acid 0.90 Fumaric
acia'060' é\%’é%?y flavor 0.50 Difodium phosphate 0.20 25 Color (red
#4ParOA 4 Sucralose 0.03 The gelatin dessert dry mix was prepared using
the following steps: Mix dry ingredients. Weigh 85.1 g of dry mix and add
to%%%régf’fﬁi%il%’\ﬁﬁ? é}ssolvéoc%gnpletely. Add 226.8 g of cold
watériand mix thoroughly. Refrigerate s least four hours. 30 Example 34
A Z{ac baréﬁ%,mﬁrising an oligosaccharide composition according to the
pr BRI ABh was prepared, coﬂ*napising a high solids filling, a binding
syiyp;, @nd an extruded piece. 35 The ingredients for the high solids filling
were: . Part A Resistant corn syrup (Sample 6) 21.00 56 5 MiraThik 603
StV o0

dPart B Resistant corn syﬁ)u]po(sample 6) 80.88 Water 1.55
Rasphenyiflavor 0.30 10 PartC (.10

Red Color 0.06
Blue color 0.01
Total 100.00

The high solids filling was prepared using the following steps: Place part A,
comprising resistant corn syrup, in a mixer. Slowly add Mirathik 603 while mixing on a slow
speed for 1.5 minutes. Add part B (resistant corn syrup, flavor, water) and blend until
uniform (one minute on low speed). Allow to rest for about 3 minutes until mixture becomes

thick. Preblend part C ingredients and add to mixture. Blend until uniform (allow filling to

set 24 hours to achieve full viscosity.).

The ingredients for the binding syrup were:

Resistant corn syrup (Sample 2) 67.7

Glycerine 10.7
StaSlim 150 starch 13.3
Shortening 7.5
Salt 0.8
Total 106.0

The binding syrup was prepared using the following steps: Combine and heat to

172°F. Add to cereal/granola pieces and combine to coat pieces evenly. Combine at a ratio
of 54% syrup, 46% cereal.

The ingredients for the extruded piece were:

Corn meal 55.530
Whole wheat flour 25.19
Resistant corn syrup (Sample 2) 13.51
Whole oat flour 5.00

Salt 1.00
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Malic Acid 0.10 Citric Acid 0.10 Red Color 0.06 Blue color 0.01 15 Total

100.00 The high solids filling was prepared using the following steps:

Place part A, comprising resistant corn syrup, in a mixer. Slowly add

Mirathik 603 while mixing on a slow speed for 1.5 minutes. Add part B

(resistant corn syrup, flavor, water) and blend until uniform (one minute

on R speed). Allow to rest for abol®® fninutes until mixture becomes 20

thiek. Frahiend pArLC ingredieptsandadd tg,mixtre, 2 ”&%@F"HH% y mix
‘ allow filling to set 24 hours to achieve full viscosity.). The ingredients for
Ingregiruisiiegsgiay i pawakser Rissideant bend Syruby(Saengler) 6T Glyedrine: target
exru 30T A8 RIESIRIS SRS Shortepnach s Sall 08T alal 100,0.The

binding syrup was prepared using the following steps: Combine’and heat

to Bodre FYAEd tosersa iy eaid axpleded pedecombine tpactstipieces mixtiure is

sheet &Y BRI HOMBING AL & IR BfRA% AYTUR 460 GRTR ingredients for

the ex?rruded piece v'ver%:ﬁoolrln meal 55.:11*% Wﬂ%%e W}"ln a?%‘?o%gf@&lg]g&@fe added
betwqrpdhstavie sbeatspfipnEamplécRiatamBxivghole oat flour 5.00 Salt 1.00 57

5 Total 100.0 The extruded piece was prepared using the following steps:

Uniformly mix ingredients together in a mixer/blender. Feed the dry blend
achieve target extrusion moisture. Use typical extrusion and

a
drﬂn%ﬁ:%n@ﬂ@%‘r&?ﬁm@%@%ﬁ?@g&chmde composition according to the present

invention was prepared.

The ingredients were;

Ingredient Yo

water 40.67
Purasnow cake flour 21.56
sorbitol 17.70
RCS solids (Sample 5) 8.85
Mira-Thik 6G3 food starch modified 1.00
Core MO0 {maltodextrin, sucralose) 0.25
EC-25 emulsifier 2.65
Provon 190 whey protein isolate 1.25
HilJel S food starch - modified 0.99
dry egg whites 0.99
salt 0.79
GMS 90 emulsifier 0.59
Baking soda 0.56
Pan O Lite 0.45
dry vanilla 1011320 0.40
Dicalcium phosphate dihydrate 0.34
cinnamon 0.29
Sodium propionate 0.21
nutmeg 0.17
xanthan gum 0.12
Durafax 60 emulsifier 0.10
ground cloves 0.67

100

The spice cake was prepared using the following steps:

Dry Mix Procedure:
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Binding syrup is mixed to coat extruded piece or other particulate and
mixture is 10 sheeted or formed and cut to appropriate size. High solids
- filling typically would be added between the two sheets of
binder/particulate mixture. Example 35 A spice cake comprising an
oligosaccharide composition according to the present 15 invention was

prefsFeRCTh iR dale AtS vietes MiPearchiorbiiphtatumar: berdsidalt EC-25 in

micr&ake: HaUR 24560 §OID g@d ﬁ?@Z%ORM%é§@Nﬁe9@O§ Serd @)’)ThAlﬁd EC-25,
603 food starch modified 1.00 Core M90 émaltodextrln, sucralose) 0.25

mix FRIBESSANISIFE] 2:651PHBe R WhEs WRedchrothild iBaits SO whikJsigpddninute

o AR ISS SO SGE U SLEUNP e

SCTAPEE AR phiedfshaleBiAgarate DrouC infend ancozsoonimipropionzaping after
each GalIUTREGT0: W ABINRRIY T Oke RINATRORBMHRIEL0.19.9r0d 4 4aq

cloves 0.07 100 The spice cake was prepared using the“follqwiﬁg steps:
slowly (1 large spoonful at a time) to sorbito]l mixture while the mixer is running. Mix for a

total of 5 minutes on speed 1.

Water Mixing Procedure:

Place dry mix in bowl. Slowly add water while mixing 30 seconds on speed 1. Scrape
bowl. Mix 3% minutes on speed 2, scraping bowl as needed. Spray edges of §-inch layer
cake pan with non-stick spray cooking oil and use a circular parchment paper to line each

pan. Pour 450 g batter into each cake pan. Bake at 350°F for 37 minutes or until done.

Example 36

A cheese sauce comprising an oligosaccharide composition according to the present

invention was prepared.

The ingredients were:

Cheddar 2341
Butier 5.88
Water 50.50
Sweet Whey 5.44

Disodium phosphate (DSP) (.73
Trisodium phosphate {(TSP) 0.16

Sodium Citrate 0.36
Salt 0.78
Max1Gel 420 starch 2.73
RCS (Sampie 5) 9.09
Total 100.0

The cheese sauce was prepared using the following steps: Mix all ingredients. Heat to
200°F under constant agitation. Hot fill the cheese sauce into jars or containers and seal with

iid or closure. Coolto 40°F.
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Dry Mix Procedure: 58 5 Place RCS, Mira-Thik 603, Core M90, and

sorbitol into mixer bowl. Melt EC-25 in microwave taking care not to get it

too hot. (Do not melt GMS 90 or Durg x 60). Add EC-25, mix 5 minutes

on speed 1, scraping bowl as needed; Add Durfax 60 while mixing 1

mgthétl% %nﬁpeed 1, scraping bowl as needed. Add GMS 90 while mixing
1mmu%3e—crn—speed 1, scraping bowl as needed. Run dry mix through a
foadbprokessonitatiéhminutes berhping alierptiigac milstacdianséesdfosition
bowl. Sift remaining d

nix a&lf to mixi %
accordin Q £ DT Nt MyenuQr
a a time

5
rge spooniul a

ry ingredients and add slowly (1

16 SO Rixture while the mixer is running. Mix

fofke totatdibhtmirpies on speed 1. Water Mixing Procedure: Place dry
mix in bowl. Slowly add water while mixing 30 seconds on speed 1.
Scrape 15 howl. Mix 3'/2 minutes on speed 2, scraping bowl as needed.

kevpaghtwith non-stick spray cooking oil and

h pan. Pour 450 g batter into

r 37/ilfutes or until done. Example 36 20

haride composition according to

2 ingredients were: Cheddar

Whey 5.44 Disodium

) ate (TSP) 0.16 Sodium Citrate

atdi-273 RCS (Sample 5) 9.09 Total

t5ing the following steps: Mix all

ant agitation. Hot fill the cheese

Spray edges of 8-inch layer ca

use.a circular parchmé&gicpiper itér
Remnet L8ppake nan. Bake at 358840

m&%ese_gauge Cwmpriciﬁrj%ﬁ '\Iigﬂ%ﬁ&%‘

WheyRandtisent -invention-was prebared] THb
Sovbeis U Butter 5,881-25-Watbr 50150848
Salt b NeDY A 79 T 07 o HOR 4
Sod R et 078 Moot 338 ate I
Lactig Aei fliqnid) " = [777 742603 © 63 76
StaSimy 13 Vararcs 2= > 0 A | P 1700
Resis&ml@&ﬂ?%%pnﬂdl U O\).LUUI_ Uriuct bUII.Dl
(SamPRYCEM{Q)jars or containers and seakwith
Trisodium phosphate (TSP) 0.76 38.00
Water 44.3699 | 2218.50
Taotal 55.6301 2781.51

“The cheese was prepared using the following steps: Add water, sodium citrate, casein,

and soybean oil (120 g). Blend for five min. Add remaining soybean oil. Add sorbic acid,

salt, starch, resistant corn syrup. Then add whey and lactic acid. Blend for five min. Add

remaining ingredients. Cook to 185°F.

Example 38

An edible film comprising an oligosaccharide composition according to the present

invention was prepared.

Without being bound by theory, it is believed that the

oligesaccharide composition served as a plasticizer in the edible film.

The ingredients w

cre.
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lid or closure. Cool to 40F. 59 5 Example 37 A block of imitation
mozzarella cheese comprising an oligosaccharide composition according
to the present invention was prepareggh The ingredients were: 3 Weight
Percentiin g Rennet Casein 19.49 9974.70 Sorbic Acid 0.2964 14.82 i
soLWéhey Powder 1.4288 71.44 Soybean Oil 20.121 1006.05 Salt 2.0007
100,04 Sodiumkgitrate 2.09 104.50 Lactic Acid (liquid) 1.2692 63.46
PulluSiaSiom 151 starch B.42 171.00 Resistant Corn Syrup (Sample 5. 71%
Star-[I$) 526 237.50 Trisodium phosphate (TSP) 0.76 38.00 Water 44.3699
maltosa@ 50 Total 35301 2781.51 10 The cheese was prepared using the
- RC,S ?éﬁl}’ﬁ/{ﬁﬁg steps: A%d water, sodium citrate, casein, and soybean oil (120
L S eneH-forfive i ini [ bic acid, salt
Polys PR R 1d O fve, fm. Add remaining soybean oil. Ad_d sor , s
e Bgnt%:a éu, resis alg{b\jl syrup. Then add whey and lactic acid. Blend for .flve
ToT M- Add-Te nou'bm ingredients. Cook to 185F. 15 Example 38 An edible
fifrmcomprisimganoligosaccharide composition according to the present
rFiLpnvention was prepared. Without being bound by theory, it is believed that
the oligosacchagride composition served as a plasticizer in the edible film.
i Solia20 The ingredients, Were:

Water 83.6
LTOTAL 119
| color/flavor mix 1 22 ‘

The edible film was prepared using the following steps:

Dispersion of Ingredients

Mix pultulan and maltodextrin ih a beaker with a whisk. Mix water, polysorbate 80,
sodium benzoate, and resistant corn syrup (RCS) in a separate beaker. Use a Servodyne
Mixer Head model 50003-30 to further mix the wet ingredients. Start with RPM at 700,
Slowly add in the dry flavor mix. When all the lumps are gone, slowly add in the pullulan
mixture. Adjust the RPM as necessary when the mixture thickens {(up to 1,000 RPM}. When
all the dry ingredients are in, stop the mixer and scrape the sides of the beaker. Tum up the
mixer to 1,000 RPM and mix for 2 more minutes. Pour 50 g into centrifuge tubes.
Centrifuge for 10 minutes to remove air. '

Filming Procedure

Films were drawn using a Gardco adjustable drawdown set at 0.045 in. These
drawdowns were adjusted to the proper thickness using feeler gauge blades. Films were
drawn onto Mylar with the use of a vacuum plate. The films were dried in an environmental
chamber at 65°C and 25% RH for two hours. They were cured in the environmental chamber

at 25°C and 28% RH overnight. The dried films were packaged into plastic bags.

Example 39
A low fat pound cake comprising an oligosaccharide compesition according to the

present invention was prepared.

The ingredients were:
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60 SOLIDS: Grams Pullulan (P1-20) 21.252 Star-Dri 1005A |
maltodextrin 1.65 RCS (Sample 5, 71% solids) 3.3 1 Pot sorbate 80
0.165 Na Benzoate 0.033 TOTAL%6.4 FILM: Grams Solids 26.4 Water
1 83.6 TOTAL 110 color/flavor mix 5 The edible film was prepared using
the following steps: Dispersion of Ingredients Mix pullulan and
Ingredigfialtodextrin in a befaker with a whisk. Mix water, polysorbate 80, sodium
Part A penzoate, and resistant corn syrup (RCS) in a separate beaker. Use a
Cake fligpyodyne 10 Mixerdtikad model 50003-30 to further mix the wet
gif’esci%r@a’i‘@”rﬁé? Start WitQﬁ%PM at 700. Slowly add in the dry flavor mix. When
GMSigglgntﬂg#gnps are gong; slowly add in the pullulan mixture. Adjust the RPM
dextros@S NECessary when t :§7mixture thickens (up to 1,000 RPM). When all the
Non-f2 Y ARQredients are in, stop the mixer and scrape the sides of the beaker.
STA-SLEMITsHIDHRe mixer to, 3000 RPM and mix for 2 more minutes. Pour 50 g
sTA-SINO: eeniFifuge tubesg 45 Centrifuge for 10 minutes to remove air. Filming
salt Procedure Films werggdrawn using a Gardco adjustable drawdown set at
Leaven@d4h imnXhese drawglowns were adjusted to the proper thickness using
Bakingfedder gauge blades. Bikms were drawn onto Mylar with the use of a
Vanillaygoouitiplate. The filbds were dried in an environmental

Annatto color 0.1

Xanthan 0.09

Part B

Liguid egg whites 8.4

Water 4,63
100

The pound cake was prepared using the following steps: Blend dry ingredients of Part
A in a Hobart mixer at speed 1. Add GMS-90 emulsifier and blend for 2 minutes (speed 1).
Add water and Annatto color and biend 4 minutes (speed 2). Scrape bow! and paddle after 2
minutes of mixing and at end of mixing. Mix Part B ingredients together. Add in 1/3 of the
Part B egg white/water mixture to Part A and blend for 1 minute (Speed 2). Scrape bow! and
paddie after mixing. Repeat first step for Part B twice to incorporate remaining 2/3 of egg

white/water mixture. Pour 200 grams of batter into a loaf pan pre-coated with non-stick

spray. Bake at 350°F for 30 minutes.

Example 40

Oatmeal chocolate chip raisin cookies having polyol levels and comprising an

oligosaccharide composition according to the present invention were prepared.

The ingredients were:

Formula
Ingredients Percent Baker's
Percent
Vream Rite Shortening 12.50 50.40
BAKERY REBALANCE 706 (Tate & Lyle) 5.00 36.29 i

STA-LITE HI polvdextrose (Tate & Lyle) | 500 1 20,16
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20 chamber at 65C and 25% RH for two hours. They were cured in the
environmental chamber at 25C an%gS% RH overnight. The dried films
were packaged into plastic bags. Example 39 A low fat pound cake

| Sorbi

comprising an oligosaccharide compositiqn according

red The inaredients were”: g
reg—Ae-lRgregienis-were-bli-o

to the 25 present
ngtedi®nt% Part A

NutraRigr® ek PSR Froscigshesyinple 5)

6 thiter

622 16MS-90

Resis@ErhisifiSyr803adektrose 4.17 Non-fat dr

milkOhigh

heatl1® STA-SLIM

Salt 150 starch 1.29 STA-SLIM 142 starch 0.¢€

4 Spd0.63 Leawening acid,

Cinndrn-O-Lite 0.5 Baking soda 0.5 Vanilla R

lavay #464[174:0:45 Annatto

CinndelQH@d; Xanthan 0.09 Part B'Liquid egg

whites; 8.4

Watgy 4.63 100

Oam IS RN GAKE Was prepared using The't

3110\/3[59 s

st

I
ngredrents of Part A ma Hobartmixer-at-speed. 1-Add-GMS=9g emulsifier
Van]liamﬁ\i,q{m,q for 2 mimtac fepand 1) Add iatartaged I\hr\n'l‘l)'dinh\ and
armua UIicTiu 1O Z11mrratc \(OPCTU I 7AUU Vot T artor 7 attocoOTo
blend-4-minutes{speed-2).-Scrape-bowl-and paddle after 2 10 minutes of
Dry effixing and at end of mixing. Mix Part B ingredieifts tqgethé?. Add in 1/3 of
Watethe 9.00 36.29
!L Glycerine 1.25 5.04 |
Pastry flour 24 .80 100.60
Quick rolled oats 12.40 50.00
Baking soda (.40 1.61
| Pan-O-Lite L 0.20 0.8
Chopped walnuts 6.00 24.19
Raisins 6.50 26.21
Total 100.00 | 40323

The oatmeal raisin cookies were prepared using the following steps: Mix shortening

ingredients. Mix at speed 1 for 1 min. Scrape the sides of the bowl. Mix at speed 2 for 1 min.
Add the stage 2 ingredients. Mix at speed 1 for 1 min. Scrape the sides of the bowl. Mix at
speed 2 for 1 min. Add the stage 3 ingredients. Mix at speed 1 for 1 min 30 sec. Scrape the
sides of the bowl. Repeat mix at speed 1 for | min 30 sec. Add the stage 4 ingredients. Mix at
speed 1 for 15 sec. Weigh 30 g dough piece onfo a parchmeni‘ with double-lined baking

pans. Bake 12 cookies in convection oven at 375°F for 11 min.

Example 41

Soft chocolate cookies comprising an oligosaccharide composition according to the

present invention were prepared.

The ingredients were;

~and flavors in a N-50 Hobart mixer at speed 1 for 30 seconds. Add the remaining stage 1

Insredient

Yo

Flour, pastry

28.70
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Part B egg white/water mixture to Part A and blend for 1 minute (Speed
2). Scrape bowl and paddle after mixing. Repeat first step for Part B twice
to incorporate remaining 2/3 of egg white/water mixture. Pour 200 grams
of batter into a loaf pan pre-coated with non-stick spray. Bake at 350F for
30 minutes. 15 Exatm le 40 Oat 188, choco ate chip ralsm cookles having
polyol levels aqﬁ té:soarrhﬁcr’%ﬂéu an f’bosa%cﬁ ride comp bon according to
the present mvggg 1Were p{g/e%@{ed The ingredients vvi%r 20 Formula
Ingredients Pergent j;Baker's Percent Vream Rite Shortghing 12.50 50
BAKERY REBALANGE.Z96 (Fate & Lyle) 9.00 36.29 STALTTE I
polydextrose (Tatsi&alivie)£:00:20:116,62 Sorbitol (Sorbggem fines) 3.00
'112.10 NutraFesa(rEsoERQS( ) Feucte-Bligasaacharide)«4.50 18.15
Resistant CornGyitupi{&ample 4) 3.00 12.10 Salt 11 0.50:2.02 Cinnamon
0.30 1.21 Cinng#hon flavor 0.25 1.01 Oatmeal cookie flayor 0.25 1.01
Vanilla flavor OBz @kizD egg 0.90 3.63 Water 9.00 36128 Glycerine

1.255.04 Past flour 24.80 100.00 Quick rolled oats 12040050.00 Baking
soda 0.40 1.61 Pan-O-Lite 0.20 0.81

The cookies were prepared using the following steps: Blend sugar/RCS Solids, butter,

and RCS (71% ds) in Hobart mixing bowl on speed 1. Add egg. Dry blend remaining

ingredients and add to this mixture. Bake at 350°F for 15 minutes.

Example 42

A mapie syrup comprising an oligosaccharide composition according to the present

mvention was prepared.

The ingredients were:

Water 80.132
Resistant Corn Syrup Solids (Sample 5) 17.00
Cellulose Gum 1.06
Maple Flavor 0.45
Salt : (.45
SPLENDA sucralose _ 0.35
Guar Gum : 0.28
Phosphoric Acid (85%) 0.15
Caramel Color 0.13
Sodium Hexameta Phosphate 0.05
Butter Flavor 0.008
Total 100.00

The maple syrup was prepared using the following steps: Add sucralose,
preservatives, salt, flavoring, and color to water using slow speed in standard mixer. Slowly
add gums to mixture, allowing to hydrate 20-25 minutes. Blend in resistant corn syrup solids,
while heating to 185°F. Hold for one minute. Remove heat and add acid. Fill containers at

180-185°F and invert for one minute. Cool to 75°F.
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Chopped walnuts 6.00 24.19 Raisins 6.50 26.21 Total 100.00 403.23 5
The oatmeal raisin cookies were prepared using the following steps: Mix
shortening and flavors in a N-50 Hoggrt mixer at speed | for 30 seconds.
Add the remaining stage | ingredients. Mix at speed | for 1 min. Scrape
the sides of the bowl. Mix at speed 2 for 1 min. Add the stage '-I
ingredients. Mix at speed | for 1 min. Scrape the sides of the bowl. Mix at
1@&spae 2¥or 1 min. Add the stage 3 ingredients. Mix at speed 1 for 1

' .Si I, R t mix at d.1 fo
i 0 S R L R S it o SRS P e e

invengongraksrgtppiete onto a parchment with double-lined baking pans. Bake

121‘39?15%?@1@11&9&‘%%¢“°” oven at 375F for 1 | min. 15 Example 41 Soft
chocolate cookies comprising an oligosaccharide composition according

tolttse 2present invention were prepared. The ingredients were: Ingredient
%r&lﬁ’ [, Pastry 28.70 63 Resistant,gorn syrup solids (Sample 5) 22.20
Butter 0.42}l RCS (Sample 5, 71%22)’"130.90 Eggs, whole 9.10 Natural
cod@zeN-1 I-N 3.60 Lightly alkalized €dcoa D-I | -A 2.00 Instant

T ER; QVC food starch modifi .90 Vanilla flavor 0.46 Salt 0.44
Bgﬁ}% solga Olél(% 0.00 5The cof)lcléiégwere prepared using the
folkeaiiansteps sBlantbsugde/RC S HdiRIS 3butter,

Molasses 5.04
Liquid Hickory Smoke 0.30
Caramei Color 0.21
Part B

Salt 2.02
Spice Blend 1.65
Sucralose 0.014

The barbeque sauce was prepared using the following steps: Heat Part A ingredients

on to 190°F. Add dry ingredients to part A and heat for 15 minutes at 200°F. Hot fill

containers and cool.

Example 44

A French dressing comprising an oligosaccharide composition according to the

present invention was prepared.

‘The ingredients were:

Soybean o1l 9.00
Resistant comn syrup (Sample 5, 71%) 47.57
Vinegar, 120 grain 12.00
Water 18.59
Tomato Paste 7.00
Salt 2.00
MiraThik 603 food starch modified 2.00

Polysorbate 60 0.20
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and RCS (71% ds) in Hobart mixing bowl! on speed 1. Add egg. Dry blend
remaining ingredients and add to this mixture. Bake at 350F for 15
minutes. 10 Example 42 A maple SYrup comprising an oligosaccharide
composition according to the presentD invention was prepared. The
in@éedi 0ts Jere: Water 80.132 15 Resisg:\?g Corn Syrup Solids (Sample
5) 1700 Eeilulose Gum 1.00 Maple Flavor 0.45 Salt 0.45 SPLENDA
sUrdiloBevdd85 20 Guar Gum 0.28 Phosphdiic Acid (85%) 0.15 Caramel

lor,0.13, Sodium Hexameta Phosphate 0 %5 Butter Flavor 0.008 25
l}t&% 0. , . i
Tota . he maple syrup was prepared using the following steps:

ABdrsuckaldse, préservatives, salt, flavorifig,0and color to water using

slogw speed, in standard mixer. Slowly ad s to mixture, allowing to
h)@gﬁr\ég & %%rﬁrﬁ?nutes. Blend in resistantdgglﬁnsyrup solids, while heating
taEI85k. Hold for one minute. Remove heét@nd add acid. Fill containers

30,180-185F and invert for one minute &&gl to 75F. 64 5 Example 43
arl

a
ota, . . ’% . )
A barbeque sauce comprising an oligosac de composition according

tolinefpeaske dtc mirentian wasipré paredthbfeliogredienis widnes daid artdAesistant
cormn s{rlgtg?}locgr%ggeg7 r3y r\é\égtggxi%ﬁ,'?sait, garlic, sorbic acid, and EDTA and add to water
mixture. Slurry starch and xanthan gum in small amount of oil, add to water mixture, and
mix for five minutes to allow starch to hydrate. Add tomato paste and paprika. Add vinegar.
Melt polysorbate 60 and add to mixture siowly. Add remaining oil and mix five minutes.

Process through a colloid mill at 0.26™ (2 revolutions).

Example 45

A cream of chicken soup concentrate comprising an oligosaccharide composition

according to the present invention was prepared.

The ingredients were:

Water 65.65
Chicken Bouillon 11.30
Resistant Corn Syrup Solids (Sample 5) 11.00
Half & half 5.60
Rezista Starch 3.10
Titanium Dioxide 1.00
Salt 0.50
Sugar 0.16
Spices 0.69
Xanthan Gum 0.10
Total 100.00

The cream of chicken soup concentrate was prepared using the following steps: Mix
dry ingredients. Mix liquid ingredients for 3-5 minutes. Add dry ingredients slowly using

fightning mixer on medium speed. Mix 3-5 minutes ensuring even dispersion. Heat to 190°F



10

15

20

30

(IS
in

Apple Cider Vinegar 15.13 Resistant corn syrup (Sample 5, 71%) 33.73
15 Molasses 5.04 Liquid Hickory Smoke 0.30 Caramel Color 0.21 Part B
Salt 2.02 20 Spice Blend 1.65 Suctﬁlose 0.014 The barbeque sauce was
prepared using the following steps: Heat Part A ingredients on to 190F.

... Add dry ingredients to part heat for 15 minutes at. 200F. Hot fill .
RO e D1 BRI LA A FBP P EROSSR G i T 250°F o
40 minligosaneharde wampesiionaceerdmg terthe Jaresentinventan wWas! volume of

o epared. The jngredients were: 30 Soybean oil 9.00 Resistant com syrup
2% m%a%i%‘@‘ﬁ?%%)ﬁgw%*?“%ﬁé@?ﬁ%% Paint Y700 Ater s 58" Tomato

Paste 7.00 35 Salt 2.00 MiraThik 603 food starch modified 2.00

Pg%sorgaie 60 0.20 65 5 Onion Powder 0.18 Garlic Powder 0.15
X £Stm 0.10 Sothic Acid 0.10 Oleoresin Paprika 0.10 10 EDTA

O0ALketchup comprising an oligosaccharide composition according to the present

invention was prepared.
The ingredients were:
Tomato Paste 37.54
Resistant Corn Syrup Solids (Sample 5) 12.01

Water 41.37
Vinegar 120 grain 7.01
Garlic Powder 0.02
Onion Powder 0.03
Smoke Flavor 0.001
Salt 2.00
Sucralose (dry) 0.02

The ketchup was prepared using the following steps: Dry mix spices, RCS, sucralose
and salt. Mix water, vinegar, and dry mix using 2 lightening mixer. Add smoke flavor to wet
mix. Blend fomato paste and % of the wet mix (water, vinegar, and dry mix) in a Hobart
mixer with paddle attachment on speed 1 for 2 minutes, Blend in the remainder of the wet
mix on speed 1 for 1 minute. Stop and scrape the bow! well. Continue blending on speed 1
for 1 minute. Heat ketchup to 105°C and hold for 15 seconds. Cool to 80°C. Homogenize

using Panda homogenizer at 150/50 bars. Immediately package in glass jars.

Example 47

A beef-flavored gravy mix comprising an oligosaccharide composition according to

the present invention was prepared.
The ingredients were:
Water 50.17

Perma-Ilo Starch

oo

12

[
i\) h
L

Beef Flavors
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Total 100.0 The French dressing was prepared using the following steps:
Place water and resistant corn syrup in container. Dry mix onion, salt,
garlic, sorbic acid, and EDTA and add to water mixture. Slurry starch and
xanthan gum in small amount of oil, @dd to water mixture, and 15 mix for
five minutes to allow starch to hydrate. Add tomato paste and paprika.
AGFURTEY oMW TBIYR09BAR88BI8Rd add 19 Hfixture slowly. Add
reppabzing oil and mix five minutes. Process through a colloid mill at 0.26"
(2 evolutions%xample 45 20 A cream of chicken soup concentrate
Oﬁﬁ?ﬁ‘%}%ﬂ% Gosaccharide compositiort-4&cording to the present
ingeriias; wagmprepared. The ingredients wgrgy Water 65.65 Chicken
Bauillon 11.30 25 Resistant Corn Syrup Solids (Sample 5) 11.00 Half &
h%f’?@o Rezista Starch 3.10 Titanium Diéxide 1.00 Salt 0.50 30 Sugar
0.16tapices 0.69 Xanthan Gum 0.10 TotajQP.00 35 The cream of
chicken soup concentrate was prepared using the following steps: Mix dry
ingredients. Mix liquid ingredients for 3-5 minutes. Add dry ingredients

slowly sisina lghiningMixernoRme Péﬁb?éae%gmy%é'?omi%gs%ﬁwmnd dry

.___even dispersion. Heat to 190F 66 5 without stirring. Hold for 5'minutes.
mgre@fpifoiflo LARS sthiimhamanrgy (RbtérerPUF fcal niasdsigdoniformly

blende@NIGAL AWM IRMPGEAIUIRP I SBRV G RAH 9NG5aR SOYR IO eayal %ltlﬂ”%giﬁf[ion to

1900 2% milk. Mix well. Heat to simmer (approximately 10 minutes). Serve hot.
90k DB Al RRTERTIS oG akOshgaEascharide composition

according to the present invention was prepared.

Exampie 48

A dry blended coffee creamer comprising an oligosaccharide composition according

to the present invention was prepared.
The ingredients were:
Commercial creamer powder (Jerzee blend 220077) 21.8

Resistant Corn Syrup solids (Sample 5) 78.2

The dry blended coffee creamer was prepared using the following steps: the
ingredients are blended, scaled and screened through a 10 mesh screen into a tumble blender
vessel, ribbon blender, or paddle blender. The formulation is blended from 10 t0 25 minutes

and packaged. Silica dioxide or sodium silicoaluminate can be added as anti-caking agents if

required.

Example 49
A soy-based dry coffee creamer powder slurry comprising an oligosaccharide
composition according to the present invention was prepared.

The ingredients were:
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The ingredients were: Tomato Paste 37.54 Resistant Corn Syrup Solids
(Sample 5) 12.01 15 Water 41.37 Vinegar 120 grain 7.01 Garlic Powder
0.02 Onion Powder 0.03 Smoke Flg\%)r 0.001 20 Salt 2.00 Sucralose
(dry) 0.02 The ketchup was prepared ‘Using the following steps: Dry mix
spices, RCS, sucralose and salt. Mix water, vinegar, and dry mix using a
lightening mixer. Add smoke flavor to wet 25 mix. Blend tomato paste and

Y4 of the wet mix (water, vinegar, and deymax) in aJHobart mixer with
paddle attachment gpragieed)| 2ofal 2 minates, Blend! itk thensgmainder of the

Hydr%ﬁ%’faﬁﬁi&"é‘f‘?@ﬁé’ed 1 for 1 minute. St(’)g) and scrape the bowl well. Continue

2 0
cenaadil-. for1 o 2 N to 105G 3 Hold for 14864
UICIIUIIIQ UTT SpCTU IO IIULC |1 Ketorop b er-ero o HoH

Sodiwip EatsideicCool to 80C. Hohlogeni2évasing Raml 2 homogenrszer ati150/5047

Re““ lass jars. 30 Example 47 A beef-flavored .
4 W g o A A NN
A 7 )

dlcﬁypgzééé@nt Invention was prepared. Thg gngreg@%s were: 35 ﬁ/@t«nr 90.17 0.37

BFF PRrmaFlgdStarch 8.58 Beef Ffavors 312567 5 Resistant CorTSyrup
digtysolids (Sample 5) 10.00 Sugar 0.430.Sweet Bairy Whey 0;42«.Caramel 37

| wateColor 0.09 Spices|0.03 10 Tptal 100,0

0.00% 32.43% 108.50
276.57 128.3 100.00% 100.00% 206.95
Yield @ 4%
Total solids 46,39%; moisture 100.00

The water is added to a batch tank and is heated to 120 to 140° F. The sodium
caseinate is added to the water and allowed to hydrate for 10 to 30 minutes. The mono and
diglycerides can be melted into the hydrogenated soybean oil or melted separately. Once the
sodium caseinate has been hydrated the soybean oil and mono and diglycerides are added to
the batch tank. The mixture is well blended. The remaining resistant corn syrup is added to
the batch tank and the mixture is heated to 170° F, homogenized via double stage
homogenization (if required) and held for 30 minutes. The product 1s then ready to be spray
dried with a inlet temperature of 350 to 500° F and an exhaust temperature of 150 to 200° F.
An optional fluid bed dryer can be used. Sodium silicoaluminate or silica dioxide could also

be included for anti-caking purposes. Phosphate salts and/or anti-caking agents could also be

included,

Example 50
A coconut-based coffee creamer powder slurry for spray-drying, comprising an
oligosaccharide composition according 1o the present invention was prepared.

The ingredients were:
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25

The beef-flavored gravy mix was prepared using the following steps:
Blend dry ingredients and TALO TF-55 flavoring (all ingredients except
water) until uniformly blended. Usigg a wire whisk, disperse this dry mix
into cold water. Cook with agitation to 15 190F. Hold mixture at 190F with
agitation for 10 minutes. Example 48 A dry blended coffee creamer
——comprising-an-oligosacchari.de compasition according to the present
Ingredimyention was prepates. 2( éBh&mgredtﬁmsm;ere Carmercial creamer
Hydrepryprddiotdmrzeid blend 220077) 21.8 Resistant Corn Syrup solids (Sample
%2 5)78 2 The dry blended®€qffee ciéamer 84 arepared dsifiethe follodfiag
smmst@psfﬁiae 25 ingredients:are blended, scalegband screengdsthrough a4lsg€
Resistpmesh scegenidnto a tumble blender [vessel, ribbon blender, orpaddle
(Sampfgiéhder. The formulatiordIs bleB#d, fromf4.656 25 minuf®<%nd packaged
Dipotzilieaeligxigle or sodiumgsilicoajuminate candee added as)apti-caking ¢ .sg
Distillaigenis shdrequired. 30 Example 49 A soy-based dry coffee creamer
diglyegidggder slurry comprisihéan oligésaccharidd®compositidi3#¥égording to57
water the present invention wag prepareg; The pgrgdients weye; 68| 5iDry; 4 43

pounds solids cdm % formula Hydrogenatéd Spybean oil T05F 65 65
50-67%-23-50%-48 R]/fr’?é&r“n 39 se HLQQO}Q% 5 QlﬂQ}@@./P 0/,\%4'\9%

70 OO OUuTUTT ST = /I
' m?éi”%@/‘ 22.23% 509

Total slgﬁdglstant corn s [/rup4§gygs (Sample 5) 61.47 5
Alphadign 70K ™Mono- and difycerideso: Y 0-37 1 BF

75K mono- and di glycerides 0.5 0.5 0.39% 0. 18% O 37
A coconut-based coffee creamer powder was prepared using the following steps: The

water is added to a batch tank and is heated to 120 to 140° F. The sodium caseinate is added
to the water and aliowed to hydrate for 10 to 30 minutes. The mono and diglycerides can be
melted into the hydrogenated coconut oil or melted separately. Once the sodium caseinate
has been hydrated, the coconut oil and mono and diglycerides are added to the batch tank.
The mixture is well blended. The remaining ingredients resistant corn syrup and dipotassium
phosphate are added to the batch tank and the mixture is heated to 170° F, homogenized via
double stage homogenization (if required), and held for 30 minutes. The product is then
ready to be spray dried with a inlet temperature of 350 to 500° F and an exhaust temperature
of 150 to 200° F. An optional fluid bed drver can be used. Sodium silicoaluminate or silica

dioxide could also be included for anti-caking purposes.

Example 51

An ice cream coating and/or compound coating can be prepared using resistant corn
syrup solids fo lower or eliminate sugar content thereby reducing overall calories. Fiber
content can be significantly enhanced in comparison to a typical coating, {e.g., this

illustration has 33 grams/100 grams versus a comparable control at 5 gram/100 grams of

coating),

Ingredients percentage

Resistant corn syrup seolids (sample 3) 40.5
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water 145 0 0.00% 52.43% 108.50 276.57 1 128.3 100.00/a 100.00%
206.95 Yield @ 4% Total solids 46.39% moisture 100.00 The water is
added to a batch tank and is heated ﬂ 120 to 140 F. The sodium
caseinate is added to the water and allowed to hydrate for 10 to 30
minutes, Themono-and—diglycetides.can-be-meled-ntg-the-hydrogenated
soybean oil or meitsd gpar% 5‘@).;1@) aeinfate has been
hydrated the;soybealvodanavdwrio/and @iglycerides are added to the
batch tank. The-mixture-is-well-plended-—Theremaining-resistant corn
syrup is added to the batch&HK8hd the mixture is hedfs to 170 F,
homogenized via double stageahrogenization (if reqyifgd) and held for
30 minutes. Eh%ppeducus_thetueady_t@he_sptay_dued_mumi inlet
temperature of 350 to 500 F dfitthn exhaust temperat e Y 150 to 200 F.
15 An optional fluid bed dryer can be used. Sodiu silicoaluminate or
silica dioxide could also be included for anti-caking purposes. Phosphate

salt& dRE/TF ARtRe RN A SR COBRIENA SO BEGfai be PrEpwsd pleEDthe fallowing
stepsCaRORUIBAseehgofasereamerRaWEer JURLIQr SpIRYARYIRG, LAmPAsIRG: 30-4¢

an oligosaccharide composition according to the present invention was

iy e BIURISOFIIS HRGAUINRtdWETS PETIGiandredIB e (san@s saHtamh aiyalose with

corn SAMPMIRMIEIHMrREaRREH CORBME QIhDZ38 28R X2 8% ended dry
46.57 Sodium Caseinate 3.2 3.04 4.61% 2.17% 4.66 Resistant corn

ingredignty, sulitidhesHalre sharennadeaithsoropobigdions SramnpibesEivi regularly,

ApplPROSBRMHE O 10392 Rea P 8:24%0 L 8 sgtilled mono- and diglycerides
1.08 1.08 1.64% 0.73% 157 water 80 0 0.00% 54,17% 116.43 147.68
65,96 100.00% 100.00% 214,93

Example 52

Two samples of resistant corn syrup (RCS) were prepared as in Sample 5 of Example

16 above, one of which had a lower monosaccharide content. (“LS” in the following

description refers to “low sugar™) The wt% d.s.b. of monosaccharides, disaccharides,

trisaccharides, and tetra- and higher order saccharides were as follows:

Formulation DPY DP2 DP3 DP4+
RCS 125 47 4.1 78.7
RCS LS 1.6 4.6 4.8 88.2

Samples of the two resistant comn syrups and maltodextrin were fed to dogs. Blood
samples were taken from the dogs at intervals after the feeding to determine the glycemic
response. The changes in blood glucose concentrations over time are shown in Figure 15,

and are summarized in the table below.

Item Maltodextrin RCS RCSLS SEM
N 5 5 5
Time to glucose peak, min 30 i8 18 4.9

Incremental area under the
curve for glucose 155,19 377 739 1209
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Yield @ 4% Total solids 44.67% moisture 100.00 A coconut-based coffee
creamer powder was prepared using the following steps: The water is
added to a batch tank and is heated tq 120 to 140 F. The sodium
caseinate is added to the water and allowed to hydrate for 10 to 30
minutes. The mono and diglycerides can be 10 melted into the

hydrogenaied goeaniy i@merelted sepayately. @nge thesgodium ¢
castingitm NasRaandYskaiRd: MAGeseaHIRI AR monoaAigcgdes

are added to the batch tank. The mixture is well blended. The remainirig
ingtetientiensaidiamerertheyRegmnd dipotassium phosphate are added to
the batch tank and the mixture is heated to 170 F, homogenized via
double stage homogenization (if required), and held for 30 minutes. The
prgéé&g]ﬁa%n 15 ready to be spray dried with a inlet temperature of 350

to SROFEARE:ary GXhaust t&snpgmgr%felﬁz%isgrg@%rﬁ@ag%iw'of ; mple 16

bed dryer can be used, Sodium silicoaluminate or silica dioxide could als
aboVeye iRBRIdEINRIF AR ARG pifrposea. BAENTBR: BiapoeAbrioe oretem catirgmples

contoRREH QL GARIRUNALO3HNG: fan RePreRared Using tesistant comn syrup

solids to lower or eliminate sugar content thereby reducing overall

caforiesCRibéR content dansbeBigiitic iy chiansestih Conssaliisoritesa samples

referd}BIGR! LAAIIN RIS AHH%@&&QHEQ%@?’ grams/ 100 grams versus a
cog:garable control at 2E‘Sf‘)/qramlloo grams of coating). 25 Ingredients
pe 4]

hidge (ReSisntorssyrup 88iadipsaniplemaan.5 70 Vegetable
Shprtening Q@&go&gﬁlg@%@gcgggpﬁgp@\ggg};l%%lz (fat) 14.0 Lecithin 0.45

sucralose 0.05 total 100.00 5 The ice crearn coating and/or compound
coBfiny€RA G- praphred) usnibitae ?a%ﬁwf@téps: Grind corn syrup
sofidssi ;R patiele Sizeheteen, 5125 Rigrens, Auerage near 30-40

micron, Sieve solids to achieve desired particles. Combine cocoa powder
anBSoGRBEBWithS, with 25% sorbitol, 72% ds syrup)

Samples containing 25 g (dsb) of the syrup were prepared as follows. 2.838 kg of

filtered water was added to a jug containing a pre-weighed quantity of RCS. The lid was
placed on the jug, and it was then mixed thoroughly by shaking and swirling until all syrup
was dissolved. 12 oz. (350g) of this solution contained 25 g of the test carbohydrate on a dry

solids basis.

The control solution was prepared by mixing 25 g anhydrous glucose with 300 mL of
water,

The samples were administered to 10 healthy human subjects. The characteristics of
the subjects were: 5 male, 5 female; age, 35 + 10 y; body mass index, 24.0 + 3.8 kg/m?. Fach
subject undertook nine tests on separate days which included the six test foods and on three
occasions the standard glucose drink containing 25 g of available carbohydrate. Blood
glucose was measured fasting and at 15, 30, 43, 60, 90 and 120 minutes after eating,
Incremental areas under the blood glucose response curves (IAUC) were calculated. Each
subject's IAUC after consumption of each test food was expressed as a percentage of the
mean 1IAUC of the three glucose controls taken by the same subject. The incremental areas

under the curve and relative glycemic response (RGR) of the products were:

1AUC RGR
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corn syrup solids. Melt shortening and combine with lecithin. While mixing
the blended dry 10 ingredients, add the melted shortening/lecithin
combination, scraping the bowl regufarly. Apply to frozen novelties, baked
goods, etc. as desired. Example 52 Two samples of resistant corn syrup
(RCS) were prepared as in Sample 5 of Example 15 16 above, one of

which héﬂl@ok%"t’% gjonosaccf@ﬁi'jgjg gontent. ("LS" in fhg=following

description refers to "low sugar.") The wt% d.s.b, of monosaccharides,

disacchgridesy, frisaccharides; and tatra- and highezRgrggr accharides
were as%o ows: Formulation %l D%%@DP:% DP4+ RCS12.5 4.7 4.1 78.7

RCS LS:1-.6 4:6,4.6 89.2 20 S@g}@%; gf the two r%g%ana cern syrups and

maltodextrin were fed to dogs. samples weré aken from the dogs

at interv&&a@t&g the feeding t% Bl?tirmjﬁe the glyc%nj)c L response. The

changes in"blood glucose concentrations over timé are shown in Figure

15, an marized in the table below, Iltem Maltodextrin RCS RCS
LS SE&%@% - Time to glucfgs%z‘béa]k, min 30 1%%8 A )élncremental

area ung{ert e curve for glucose 155.1,37.7b 73.9' 12.9 71 Relative
glycemi gr?se 100.0d 2456%6.197.8 5 Ib Me&nd i'tfe same row
with different superscripts are different (P < 0.05). SEM = standard error

of the mB&A. mple 53 Six Qﬁrﬁﬁe“s(bf resistant l:%?rf"‘“s%/r%p were

prepared as in Sample 5 of Example 16 10 above. Each sample was a

7 2046 Sy, divithr dhe Qﬂi@f&@ﬁﬁ?i@ﬂ@@fgﬂm@aﬁﬁﬁnm.ggmaimﬁ@e Were no
essentially no fatiﬁ%)rotein, or ash. The six samples were: RCS GRI (RCS,

statistierdly plesiRGany BYERBRGCS oA pigaY (Ysatars Prinase Banmbibs fRets to
the total of mono- and disaccharides) RCS GR2 (RCS LS, 72% ds syrup

80% fibe}r,sz% sugar) 15 RCS GR3 (RCS with 50% fructose, 72% ds

S g

Sweetose® 4300 corn syrup (81% ds) was evaporated to less than 6% moisture
content by passing it through a hot oil jacketed paddle mixer at a rate of 77 kg/h. The paddie
mixer rotor speed was typically set for 300 to 600 rpm and the oil jacket temperature was
varied from 150°C to 205°C. In some of the tests phosphoric acid was added at a rate to give
from 0.1% to 0.4% phosphoric acid solids on corn syrup solids. In some of the tests
hydrochloric acid was added at 25 ppm, in place of or in addition to the phosphoric acid.

Product collected from these tests (25 mg) was dissolved in 4 mL of pH 4.0 buffer
and incubated with 100 microliters of a 10 mg/mL amyloglucosidase enzyme
(Amyloglucoxidase Sigma Catalog #A-7255) solution for 2 hours at 45°C. An aliquot from

this incubation was treated with a small quantity of ion exchange resin and filtered (0.45

microns) prior to saccharide distribution analysis by liquid chromatography. From this

analysis, the weight percent of carbohydrate found to exist as trisaccharides and higher was

quantified as digestion resistant carbohydrate and is labeled as % fiber in the table below:
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RCS GR4 (RCS with 50% sorbitol, 72% ds syrup) RCS GR5 (RCS LS
with 25% fructose, 72% ds syrup) RCS GR6 (RCS LS, with 25% sorbitol,
72% ds syrup) Samples containing 25 g (dsb) of the syrup were prepared
as follows. 2.838 kg of 20 filtered water was added to a jug containing a
seRpieaighed quastily of RS hads] Was plaged on the jug, and it was
thepsmixed thorougidy by shyaking and swirlinguntil all syrup was
disselyed. 12 oz. (880g9) ofithis solutign contaired 25 g of the test
carboRydrate on aidsy solitis®basis. Phe contryl solution was prepared by
mixing 25 g anhydtdis gluéase with 300 mL &8 25 water. The samples
welgh&dministered &8 10 héalthy human subjetts. The characteristics of
theWubjects were:'§'male, 54émale; age, 35 £10 y; body mass index, 24.0
3.8%Yy/m'. Each sibject uritfeftook nitfe tests h separate days which
POl HERRE GIWESix test foods and on three occalfons the standard glucose
drink containing 25 g of available carbohydrate. Blood 30 glucose was
measured fasting and at 15, 30, 45, 60, 90 and 120 minutes after eating.
IndrERIAAN A RRR A AOINEeBIERS Ylataselraspcnee duicisARTCiwateowed a
level sRlgpIAtachaEacR2sLIBIRG'S IAUC after consumption of each test food was
expressed as a percentage of the mean IAUC of the three glucose
controls taken by the same subject. The incremental areas under the
curygnaig elative glycemic response (RGR) of the products were: 35
IAUC RGR 72 Glucose (25 g) 1.24.4 13.5a 100a RCS GR1 38.5=4.6b
328 Y BERRES GRS 78153 gt ah RETTERB B0lest 4hgp S50 moisture
contefl 2R ﬁ@&?RMg@FQH& 42 1338idd §d§lg§h%.7¢16a'f £08 %@ﬁ'{{gﬂf}?bfhe paddle
. RCS GR6 20.9f4.0b 18.2 ~ 3.5 5 Values with different superscripts differ
mlxersfﬁf"ﬁﬁc*&ﬁﬂ? WO@WT}WW@F@%&@n@%té’ﬂi@t@élwiéi@ﬁi‘f%dﬁmﬁfﬁ@ﬁc@% set 1o

210°0n pRdaiabibkatings PEVBEA A PHRE I8 at 2 rate 1o give from 0.1% 1o 0.4%
phosphoric acid solids on corn syrup solids. In some of the tests hydrochloric acid was added
at 25 or 50 ppm, in place of or in addition to the phosphoric acid.

Product collected from these tests (25 mg) was dissolved in 4 mL of pH 4.0 buffer
and incubated with 100 microliters of a 10 mg/mL amyloglucosidase enzyme
{Amyloglucoxidase Sigma Catalog #A-7255) solution for 2 hours at 45°C. An aliquot from
this incubation was treated with a small quantity of ion exchange resin and filtered (0.45
microns) prior to saccharide distribution analysis by liquid chromatography. From this
analysis, the weight percent of carbohydrate found to exist as trisaccharides and higher was

quamiﬁed_as digestion resistant carbohydrate and is labeled as %fiber in the table below:
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Example 54 10 Sweetose(r) 4300 corn syrup (81% ds) was evaporated to
less than 6% moisture content by passing it through a hot oil jacketed
paddle mixer at a rate of 77 kg/h. Thié paddle mixer rotor speed was
typically set for 300 to 600 rpm and the oil jacket temperature was varied
from $aREidna06C. INTeomEnf the, kesls phogphorigfeid was added at a
rate to grue 2from 0.1 % t16.4% phwsphoric acid soligs on corn syrup
solids. Imeahte of the tests015 hydmsghloric acid was7added at 25 ppm, in
place of mnig-addition to Bé phospbigric acid. Produtt collected from
these tests 26 mg) was di§solved ¥4 mL of pH 4.045uffer and incubated
with 1007Hiéreliters of a 20°mg/mé: @myloglucosidaséenzyme
(Amylogfifegsfdase Sigma!Eatalotj3#A-7255) solutiorffor 2 hours at 45C.
An allqu6‘fff - this incupation was Heated with a siiall quantity of ion
exchange r sin and fllter (0 45 }nlcrongfprlor td saccharide
dIStrIbut‘%H @q@lyss by |Igl|1 d chr ography From4d is analysis, the
weight percent of carbohypgate f to existas trls%gcharldes and higher
was quapfified as digestion ressgapj%carbohydrate and is labeled as %
fiber in the table below: 73 Samplefame Temp C %3P04 HCI ppm
%fiber rum-194 0.2% 4310un 2 1050.2% 25 52 rurs@ 193 0.4% 25 62
run 4 202:024% 25 68 rumb 180 0.2% 27 ra»3 6 181434% 37 run 7 181
0.4% 25r@3851polydextrosecontrdl. 82 A labdiatory s@&mple of polydextrose
was usett@ag-a/control forkthis test).Btd showdd a leiél of approximately
82% fibekn'Bxample 58'8weetds&(Fr) 43005€orn syfsp (81% ds) was
evaPfOYatE RS F@é’é“fﬁan 3% moisture content by pas&ing it through a hot
oil jacketed paddle mixer at a rate of 77 kg/h. The paddle mixer rotor
speed was typically set for 800 rpm and the oil jacket temperature was set

toA22DTAIRFEGAIRPET e ebute pRespifsriesediBswarppitldarathis fate tagiewed a

leve! O RLYAR:8,4% 4 sphosphoric acid solids on corn syrup solids. In
some of the tests hydrochloric acid was added

The preceding description of specific embodiments of the invention is not intended to
be a list of every possible embodiment of the invention. Persons skilled in the art will
recognize that other embodiments would be within the scope of the following claims. For
example, certain specific slowly digestible or digestion resistant compositions are used as
mngredients in foed products in some of the above examples. It should be recognized that
other slowly digestible or digestion resistant compositions of the present invention coulid be
used instead in those same food products, aithough the exact characteristics of the food
product may vary to some degree depending on the exact nature of the ingredients used.

Many other modifications could also be made to the specific examples herein.
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at 25 or 50 ppm, in place of or in addition to the phosphoric acid. Product
collected from these tests (25 mg) was dissolved in 4 mL of pH 4.0 buffer
and incubated with 100 microliters of 4 10 mg/mL amyloglucosidase

enzyme (Amyloglucoxidase Sigma Catalog #A-7255) solution for 2 hours

CLABE45C. An aliquot from 20 this incubation was treated with a small

2.

quantity of ion exchange resin and filtered (0,45 microns) prior to
saccharide distribution analysis by liquid chromatography. From this

anelysis-tneoispetent pleahanibiate fndip st as

trisaccharides and er was quantified as digestion resistant
céﬂ@@ﬁ&cﬁfa?élwfis F@Se@eala@%ﬁﬁémﬁ SHENEBISKS 15BISRA e SBpRpRaccharide or

name Temp, G H3RAAIICLABMABRE U0 2541210 0%kl FiBr 2234 0sbous
0.2% 79 run 2-3 210 0.0% 12 run 2-4 210 0.1% 43 run 2-5 210 0.1% 51

run 2-6 28 doveEhtrimplPErRbIneEY leat 2bgw £#6°6.29805 79 run
20RO 1k AU R QA Qoik0at oA R 1ch il Ar02a R BINhe rate of
2-12 210 0.2% 53 run 2-13 210 0.2% 25 62 run 2-14 210 0.4% 56 run

2-15 210029629 550F/RDON6 1 §loYWsy s OEHsr fr2a1 2ipro BbRgesd 65 cause
run 2-18:210,0 A7 AR RLVexuAge 89?&5%%2 elabaralonERNRIE Alsidon
polydextrose was used as a control for this test and showed a level of
approxinatelyiEsed bar. crotmis prdaehiig QBseRisHHM op Sesfltcar saccharide

embodim@nsRf e iKaRLon et andRskie

The process of claim 1, wherein the aqueous feed composition comprises at least one

monosaccharide and at least one linear saccharide oligomer.

3.

The process of claim 1, wherein the at least one catalyst is an enzyme that accelerates

the rate of cleavage or formation of glucosyl bonds.

4,

The process of claim 3, wherein the enzyme accelerates the rate of cleavage of alpha

1-2, 1-3, 1-4, or 1-6 ghucosyl bonds to form dextrose residues.

5.

6.

7.

The process of claim 3, wherein the enzyme is a glucoamylase enzyme composition,

The process of claim 1, wherein the at least one catalyst 1s an acid.

The process of claim 6, wherein the acid is hydrochloric acid, sulfuric acid,

phosphoric acid, or a combination thereof.

8.

The process of claim 6, wherein acid is added to the feed composition in an amount

sufficient to make the pH of the feed composition no greater than about 4.

9.

The process of claim 6, wherein acid 1s added to the feed composition in an amount

sufficient to make the pH of the feed composition about 1.0 - 2.5,
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be a list of every possible embodiment of the invention. Persons skilled in
the art will recognize that other embodiments would be within the scope
of the following claims. For examplegcertain specific slowly digestible or
digestion resistant compositions are used as ingredients in food products
in some of the above examples. It should be recognized that 15 other
slowly digestible or digestion resistant compositions of the present

10 inlRnBErres g teimded hsteads fiiede Sames o frbaucidaraptsgiation of
about the ex06) sharaeienistine0hiheoad e Ust DAY Vary 0Bomeisledieontacting
.. depending on the exact nature of the ingredients used. Many other
with thecKifications could also be made to the specific examples herein. 75 5
CLAIMS: 1. A process for preparing saccharide oligomers, comprising:
heating an aqueous feed composition that comprises at least one

T oRRceRafie B Ihe P EREL Hisr RFAOHIBRI&SSAh BORAIHAS S omrsphoric and

hydroéBREéRNMERLIon of at least about 10 70% by weight, to a temperature of at
least about 40C; and contacting the feed composition with at least one
catalyst that accelerates the rate of cleavage or formation of glucosyl

12.  bandsyfecadipre: pfficientiogause famatiop.efinan-ingalsagenatidsnou 75%
oligomers, wherein a product composition is produced that contains a

solids i Edncentration of non-linear saccharide 15 oligomers than linear
saccharide oligomers. 2. The process of claim 1, wherein the aqueous
feed compositign comprises at least one monosaccharide and at least
3. orddtimsarsadndate digomercinghs. FRd proseestBrerampisinaben fhe- 90%
solidgbjeasibpne catalyst is an enzyme that accelerates the rate of cleavage or
formation of glucosyl bonds. 4. The process of claim 3, wherein the
enzyme accelerates the rate of cleavage of alpha 1-2, 1-3, 1-4, or 1-6

14. glusesythendsiodeim dextipseiesidlgsedip. chRg ERREST OhGIRM Jon-lincar

wherein the enzyme is a glucoamylase enzyme composition. 6. The i
sacchgRde ULBERSIRT W ASIREFERR AP lmsrgnactphistersiinstitn agoncqgtion of
at leaPrgSR8S 0¥ IRIMBeMvhereig-ihe Reig4sihlydrochloric acid, sulfuric acid,

phosphoric acid, or a combination thereof. 8. The process of claim 6,

wherein acid is added to the feed composition in an amount sufficient to

15. make phecpH of thadeedumamprsiiannaareatss dhanahatibaccharide oligomers

in the product composition is at least twice as high as the concentration of linear saccharide

oligomers.

16.  The process of claim 1, wherein the product composition comprises a minor amount
of residual monosaccharides, and wherein the process further comprises removing at least
some residual monosaccharides from the product composition by membrane filtration,

chromatographic fractionation, or digestion via fermentation.

17. The process of claim 1, wherein the at least one catalyst that accelerates the rate of
cleavage or formation of glucosyl bonds is enzyme, and the product composition is

subsequently contacted with an acid that accelerates the rate of cleavage or formation of

glucosyl bonds.
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35 9. The process of claim 6, wherein acid is added to the feed
composition in an amount sufficient to make the pH of the feed
composition about 1.0 - 2.5. 76 5 10; The process of claim 6, wherein the
feed composition has a solids concentration of about 70 - 90% and is

18, Maintained alra. femperaihie.Af MRoHt s SRS Auing the: Gepiastng Mdthute of

the acid. 10 11. The process of claim 6, wherein the acid comprises a

cleavagpmiiamsionPhBBXERBRCaAN 1 TR ABbHS RURAUEL CTHRISHIRR 48 PP sequently

contacRl@iWid: Whersinthefeed compasitian capRyiser Aleast abauhd&Ytof glucosy!
solids by weight. 15 13. The process of claim 13, wherein the feed

bonds.composition comprises about 75 - 90% solids by weight. 1.4. The process
of claim 1, wherein the product composition comprises non-linear 20
saccharide oligomers having a degree of polymerization of at least three,
19, iThecomeesiticaior (& whetibBs 2094 bRrsriRrsrd bRy S Bishsid, or a
combitaidgdprgeess of claim 1, wherein the concentration of non-linear
saccharide oligomers in the product composition is at least twice as high
as the concentration of linear saccharide 25 oligomers. 16. The process

20. Ofglaimdtowhgtein the ROUEECOMBRSHIONR CRMPISERA MiRar AMauRaE, the
residual monosaccharides, and wherein the process further comprises
compqehfihgoatdeas v EBne SRIGArPESHBEECCcharides from the product

composition by membrane filtration, 30 chromatographic fractionation, or
digestion via fermentation. 17. The process of claim 1, wherein the at least

21, ohbecatanpst tatlatbeldratdsTaie #ES beinlea0REt st Mith Ao BRREES resin:

the cPRAGSISENZYMNaLANEIRSREAGHCLEOTIROSINRR isisthsequenthsontagigte of
with an acid that accelerates the rate of cleavage or formation of 35

polymgriziisyl Bodsast 2hEa & atraprdiuss Bl chiit el it the ke iastione
catalyst that accelerates the rate of cleavage or formation of glucosyl

bonds is acid, and the product composition is subsequently =~ | ,
22, A process for preparing an oligosaccharide composition that is digestion resistant or

slowly digestible, comprising:
producing an aqueous composition that comprises at least one oligosaccharide and at
least one monosaccharide by saccharification of starch;
fractionating the aqueous composition by a method comprising at least one of
membrane filtering and sequential simulated moving bed chromatography to
form a monosaccharide-rich stream and a digestion resistant oligosaccharide-
rich stream; and

recovering the oligosaccharide-rich stream.

23.  The process of claim 22, wherein the agueous composition comprises dextrose,

fructose, and a mixture of oligosaccharides.

24, The process of claim 22, wherein the oligosaccharide-rich stream comprises at Jeast
about 50% by weight oligosaccharides on a dry solids basis, and wherein the oligosaccharides

are primarily digestion resistant or slowly digestible.
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contacted with an enzyme that accelerates the rate of cleavage or
formation of glucosyl bonds. 10 19. The process of claim 18, wherein the
acid is phosphoric acid, hydrochloriczgcid, or a combination thereof. 20.
The process of claim 19, wherein after being contacted with the enzyme,
25.  thencarppesition isicantactedmwithanienexahanded esdthpkacdl nkhiltration or
process of claim 20, wherein after being contacted with the ion exchange
sequeptial SirgrdricsHRaRRGH FprR e spBRition b 3hccharide oligomers
having a degree of polymerization of at least three is at least about 50%
by weight on a dry solids basis. 20 22. A process for preparing an _
26. o@&%eﬁ%%%d%fcﬁﬁ%oéi’%mwleﬁ&% HigeSohaRsistnPBIPfshyiyanofiltration, the

aqueﬁ@@&%&iﬁ&%ﬁ%@ﬁé@&@%@éegfﬁfbﬁ%%@acﬂiﬁﬁ%iHPGIf@@éa@@ﬁﬁﬂH@@%n_d the
at least one oligosaccharide and at least one monosaccharide by

oligosasehAr didicho B8 SR RIPT Fat ACH I G IR B OB ST Csssifienidsy: #0d wherein

the prot@tRad aempsisingatlerstane of Be rambrane filtering and sequential
simulated moving bed chro,mat,o%aphy to form a monosaccharide-rich

StFEAMCHRE haRfatisrrresidtait b AGE R EAR R 1B EtEian capyme such that at

recovering:theLhgesaccnaniderich Stkeary adigddde process of claim
22, wherein the aqueous composition comprises dextrose, fructose, and

a FERRSs Fitrosa e iss s PHRLPHRRsCoRUIMRH 19D SHFfEFein the

oligerageharide-tich iRamcampises aldeast abeuhba0 iy weithbme of the
oligosaccharides on a dry solids basis, and wherein the oligosaccharides

35 are pAMBARFEIFERS ARS8 6P Rl digestible. 78 5 25. The

presessiai LlaimAdovberginthediagtionatianeompiises nanafirationdrcreate a
sequential simulated moving bed chromatography E(JSSMB). 26. The

process SFYEIRRoPT O ST thE 3 ftidiRatiCATEB rprAgEs At ABHItFatBsafsdarides

aqueous sRRIRPSHIGR.CampRsesdexirasea:l{fusiaged and AiByBkes or other
oligosaccharides, and the 10 oligosaccharide-rich stream comprises a

minor amBORPBEHAfsE*8Ad fructose, and wherein the process further
corppiisgs aideassameiefl Hiedelewine contastingmthng Qligesarehardrhrishivated

stream with an isomerization enzyme such that at
carbon:

wherein the oligosaccharide-rich stream is slowly digestible by the human digestive

system.

27. A carbohydrate composition, comprising a major amount on a dry solids basis of
linear and non-linear saccharide oligomers, wherein the concentration of non-linear

saccharide oligomers is greater than the concentration of linear saccharide oligomers.

28. The composition of claim 27, wherein the concentration of non-linear saccharide
oligomers in the composition is at least twice as high as the concentration of linear saccharide

oligomers.

29, The composition of claim 27, wherein the concentration of non-linear saccharide
oligomers having a degree of polymerization of at least three 1s at least about 25% by weight

on a dry solids basis.
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least some of the dextrose is converted to fructose; membrane filtering the
digestion resistant oligosaccharide-rich stream; 15 hydrogenating the
oligosaccharide-rich stream to convedt at least some of the
monosaccharides therein to alcohols; contacting the oligosaccharide-rich

30, SHERAMIMIIRGIHCASESE 80ZYMer e CrRate o raVaRIANR b gmurhihatride

_atleast some of any residual monosaccharides presentin the stream are
oligorpgRsaiaritng Bolsaes &f anboseietines Arieordiron myrssdctivatidey naveight
on a diedBGNgHthe color of the oligosaccharide-rich stream by contacting it with

activated carbon; wherein the oligosaccharide-rich stream is slowly
digestible by the human digestive system. 25 27. A carbohydrate

31, COmPQSItoNsERMRISINGA Maiehirmaynhon adrysalids Basis:Ofidneabccharide

_and non-linear saccharide oligomers, wherein the concentration of _
OliZOTHE- fihahrc¥d 1PN 78 6ligb eSS peatdivtisahdh&asbh ctidigorrpemesson of
isomaPRERARIAE,QIIGANETBY 30,28 ERE £OMBOSIHRAYaslaim 27, wherein the

concentration of non-linear saccharide oligomers in the composition is at
least twice as high as the concentration of linear saccharide oligomers.

32, 2% ThHeAQMIRRSHianoficlaim: aT. whakein dhs,canseratignof no-linear

saccharide 35 oligomers having a degree of polymerization of at least
three is at least about 25% by weight on a dry solids basis. 79 5 30. The

33, CoOMpRAitionelGiRim &R puhe e e caRaeRuatiRRiRbAARIRBAL to any of claims

saccharide oligomers having a degree of polymerization of at least three is
27~ Ft least about 50% by weight on a dry solids basis. 31. The composition

of claim 27, wherein the concentration of non-linear saccharide 10

oligomers is at least about 90% by weight on a dry solids basis, and the _
34. co‘gé@ﬁ@rafm-%ft%b‘?ﬁ&%%% s8T80RY 3EUE POV Bl Wehh topradyepd according

to anwlids:Rasis. 32. A carbohydrate composition produced according to any
of claims 1 - 26. 15 33. A food product that comprises a carbohydrate
composition according to any of claims 27-31.

35, The food product of claim 33 or claim 34, wherein the carbohydrate composition is

primarily slowly digestible or digestion resistant.

36.  The food product of claim 33 or claim 34, wherein the food product is selected from
baked foods, breakfast cereal, dairy products, confections, jams and jellies, beverages,
fillings, extruded and sheeted snacks, gelatin desserts, snack bars, cheese and cheese sauces,
edible and water-soluble films, soups, syrups, sauces, dressings, creamers, icings, frostings,

glazes, pet food, tortillas, meat and fish, dried fruit, infant and toddler food, and batters and

breadings.

37. The food product of claim 36, wherein the carbohydrate composition is present in the

food product as a complete or partial replacement for sweetener solids.

38. The food product of claim 36, wherein the carbohydrate composition is present in the

food product as a source of dietary fiber.
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34. A food product that comprises a carbohydrate composition that is
produced according to any of claims 1 - 26. 20 35. The food product of
claim 33 or claim 34, wherein the caglpohydrate composition is primarily
slowly digestible or digestion resistant. 36. The food product of claim 33 or

39. claimp Bhdwhedein dretapcipragustis aelestediitem 2@ RakerifaadSresent in the

breakfast cereal, dairy products, confections, jams and jellies, beverages,
food pifARE, e XAHFESANG SABRYSY snacks, gelatin desserts, snack bars,

cheese and cheese sauces, edible and water-soluble films, soups,

syrups, sauces, dressings, creamers, icings, frostings, glazes, pet food,

40, 1ol Sxe T FiShlaet? AT TitaE SAEORRINITSOm PSRt P ifePEcari in the
food Rreasings..38wdiGinge:taodpresust aletain 36 nwherginibe catboR it crease

composition is present in the food product as a complete or partial
humeféﬁ&%@ﬁféeﬁf%vregv%‘é‘ﬁé’?@?solids. 38. The food product of claim 36,

wherein the carbohydrate composition is present in the 35 food product

as a source of dietary fiber, 80 5 39, The food product of claim 36,
41 wﬁéfe?ﬂ%@@&i%ﬁ;?&}é‘t@ COMPESHOH S BrRSBRERHTEMBRE Vb E Rt to Teduce
the fHQMERCaIAHE BRASIHKA4S: The food product of claim 36 wherein the

carbohydrate composition is present in the food product as a bulking

agent, to reduce water activity, to manage water, or to increase 10

42, hurnegtancyreaReISENSthMeisiRessn 48e Thedaoa-REogiishafiglim B&sent in the
wherein the carbohydrate composition is used to reduce the fat content of

food pradyS@TIBALRESLS £5 IF G601 BRSIRASE claim 36, wherein the

carbohydrate composition is present in the food product as an adhesive
or for surface appearance. 43. The food product of claim 36, wherein the

3. caltisHPArRECAHR PSSR ROprasIRith e TBoR prof sertposiiandstrsent in the
food phedtilifecchthadand Pradued o2 ehé4oMpeiingd of controlling blood glucose

in a mammal suffering from diabetes, comprising feeding to a mammal
suffering from diabetes a food product according to any of claims 33 - 43.

44, A method of controiling blood glucose in a mammal suffering from diabetes,

comprising feeding to a mammal suffering from diabetes a food product according to any of

claims 33 - 43,



