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rich stream has a solids content not |ess than 70.0
percent 25 mass/mass (mm, and a reduci ng sugar
content (dextrose equivalent), expressed as
D-glucose, that is not |less than 20.0 percent nim
cal cul ated on a dry basis. This enbodi nent of the
conposition can be classified as corn syrup under
food | abeling regul ations. In another enbodi nent, the
ol i gosaccharide rich.stream has a solids content not
| ess than 70.0 percent mass/mass (rn/m, and reducing
sugar content (dextrose equival ent), expressed as
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on a dry basis. This enbodi nent can be cl assified as
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aspect of the present disclosure is an edible
carbohydrate conposition that conprises a najor _
anount on a thy solids basis (i.e., greater than 50%
by wei ght on a thy solids basis) of |inear and
non-|inear saccharide oligonctrs, wherein the
concentration of non-linear 35 saccharide oligoners
is greater than the concentration of |inear
saccharide oligonmers. In some enbodi nents of the
i nvention, the concentration of non-linear saccharide
oligoners in the conposition is at |east tw ce as
hi gh as the concentration of |inear saccharide
ol i gomers. WD 2008/ 085529PCTM52007/ 060961 4 .
Anot her aspect of the present disclosure is a nethod
of preparing a food product. The nethod conprises
providing a food conposition suitable for conbination
“wWith a carbohydrate material, and conbining the food
conposition with an edi bl e carbohydrate conposition
that is slowy digestible or digestion-resistant, as
descri-bed above. Another aspect of the present
di sclosure is a food product that conprises an edible
10 carbohydrate conposition as descri bed above. The
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conbigvrt as ¢ praploaf the dnsylbsmnl dgehas iasciafidesan tHeipp@iatts prepared
' ggg@ In sone cases, the
by%ﬁ%@%ﬁ?&%ﬁngﬁo ﬁ%n i near saccharlde ol i goners ,
haviigge 4 itkegrreoighe gohymee! tae iomaloke atd lkcemt}qetcbﬁceen*atlons
E?gg s at | east about
“m%ga§$k?h&)dggt§gggug%o 2@££&ﬁﬁ‘%a5t about 30% or
at | east about 50% by wei ght on a dry solids basis.
In sonme enbodi nents, the concentration of non-Ilinear
saccharide oligoners in the product conposition is at
| east twice as high as the concentration of |inear
saccharidc oligoners. In one particul ar
enbodi nent, the concentration of non-Ilinear
saccharide oligorners in the product conposition is
at | east about 90% by weight on a dry solids basis,
and the 10concentration of isomaltose is at |east
about 70% by wei ght on a dry solids basis. The



10

15

20

25

30

35

of 3.5 by addition of sulfuric acid, is rapidly m xed

Wwth steamin a jet cooker and held at 149 to 152 C

(300 to 305 F) for 4 mnutes in atail line. The
wfhfissihzed starch 16 is hydrolyzed 18 by exgpsserds®et

aci d at high tenperature during jet cooking. The

hydr ol ysi s reduces the nol ecul ar wei ght of the starch

and generates an increased, percent age of

nonosacchari des and 10 oligosaccharides in the

coRposi lon

olﬁ)%l(r)s acéraY pg]é) es” cg‘lénogs e% ggé&centtt%g@e#g 'ﬁ%me 71s a graph of
the shaghdn i ishesiten nqymca;llrﬂtg)nawhénemm&em’r@aw&h aedtellewiildiféerent

s having a degree of

Cm$&$M§%§gﬂl %%@@b%? about 2-30.) A neutralizin )

ag éltﬁur@@ Issajcgl'ﬂphsofsthdl ahmge aevgo himtceln ancopeenppiyad of ertain

ITpOSI tion
mc%%n£%%m§br ngoggepo%Mﬁgé??ggggﬁggﬂt%on %gtln it with
a WymiroPyisi © geaph yofethg xhaggi evgb(tiee] & thérppy?ﬁégatmwécféﬂam

sac%hﬂ&é K@Eﬁ/& FRER cﬁﬂlg&nﬁﬁ whS BRIkt i in IERarM@l | abI e

rom Novozynes. I's enzymati c hydrol ysis further
i ndigmesdQ it Heeprl o i glec fof ronrsEawe Har fhgdermatign of certain

sac&'ah&@%@ﬁég\ﬁ{df‘éﬁz%m{%&l%&%h ih Bxdch}e gONpPOSi tion. The

overall result of the hydrolysis by acid and enzyne
t r &agureni 1 ¢ £8Pk K€ dhiapliecy of H@ngqrﬂéhﬁe Hon th glormation “of certain

sméﬁﬁ&&%&gﬁfﬂofﬁm%ﬁyhmemnmmml zed to change
t he nonosaccharide profile, for exanple to |n&reas

t h&igusndanit Ratdh comparpg dhé shangesoin Sﬂ‘i@"‘g‘éec diiopEqueghen 2

confpRER&Sis tRBied By &lority@AzBR iPUkdndgiesl, for exanpl e by
chromat ogr aphi ¢ fractjonation 2 I n. one e gdlnent

t hft‘g“éfiﬁ& SB%S % agalytienla rupdicHed Yiteer B FAIPB&d ( SSMVB)

' OOHIREN cRofeRgkpif: alyERIofk sAip @batdd wieitacid in Example
sacc arides is punped through a colum filled with
resin beads. Depending on the chem cal nature of the
I eSiigwe $PIRWO fthel d@ngoaia Gl igll@Ssel doh@n@aion W tidpstafter they were

resin nore str |y | eadi to a.r rded flow 25
fed £ f GRPRONECR %@F%P%ﬁ?ﬁidﬁiﬂe gg%‘gaéléa& %‘é 'des t hat

interact with the resin nore wealdy. This

4.0 ' tream 30 that has a

DE%{:B‘# o lﬁéﬁ&%&%@@%@ﬁ%@ﬂ?§ such as dextrose and

fr L(me@smct b b piasers timeeiiamois lzsyuesspfor saking &gy digofible or
dlgesﬁcfn% rcﬁlgttmét csa{q)nheydraq% Eon%pao%l ton e? gtdl s?ur:]ch%'r}r@%ew 1%598%25%%%({)}32%% that is
mmMﬁeﬁmghnnﬁﬁd$e5|n bed) that has a relatively high

o ?hnt [ a%rl M %f V19$ 1JR25¢ BQ ggrko%gd[ {oeesg%wte %0% C? lo md ex%?

A ol'i gosacchari des on a basi s
carlznrgidrate slcgesimn trahursang TherdEhedyst Aasmc dif b imtviltrengyme fost that can be

e RSAEE D SR 3 5 5035cA% LEVERES By,
digesgble ar rﬁswanttts digestioh ¢Eypenserdamal of Gnéal MNuteonheR é’Pb@G 46
(Suhﬂaﬁ) aggs Rea cgjg s of the present invention is not

t

to con i nuous operation. The rocess can al so
be Ip@qoﬁ]dfoqggﬂemﬁpo@éha@ﬂle@qrmg‘@ﬁd” tsarsedhn pbeped sepseriegein to include

a v bf Q}b@ta&%s AN cdehd Hl@ést%ﬁ Moy Hu@ahd, QRAL B Pdtad¥e Bl BB&cinal
YFiltration 34, for exanpl e by nanofiltration,

capgipes] o5 frdletsy with diafiltration. For exanpl e, t hese
filtration steps can be perforned using a Desal DK
spiral wound nanofiltration cartridge at about 500
psi of 12 5Spressure and at 40 - 60 degrees
centigrade tenperature. The fractionation described
in step 34 could al so be acconplished by sequentia
si mul at ed novi ng bed chromat ography (SSMB). The
menbrane filtration produces a perneate 36 (i.e.,
conponents that pass through the nenbrane) which
conprises primarily nonosaccharides, and a retentate
38 (i.e., conponents rejected by the nmenbrane) which

~conprises primarily oligosaccharides. ("Primarily" as

o
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25 exanple, a nanofiltration nenbrane with a
slightly nore open pore size, such as Desal DL,
operating at |ess than 500 psi pressure can be used
obhskpase the amount of maltose in monomepefisgRornensst
s reans. The product is suitable as an
ingredient for foods, and is slowy digestible or
resistant to digestion by the human di gestive system
As mentioned above, some conponents of the 30

praduct can. tantjall nti.rel y.indi ible_ |
ndlPh it e acn i A TP sl e Beb R B S o
sacc_tliaﬁd@ baﬁmmmfemmct;hmﬁdemms cﬁndmztmpdmc@endrb dzangfq dedree
i n_sane e orn as
o b T PO IR 4% R S 2P 20
rm e s@ypemmbpdirents of &e 1rerﬁreiou,§tb@jaqun0m mdﬁommqsamn oaludes at Jeast
o B It s LSS A 2 O g o
eaclnl Ingwac&ha miogdesacabatides nlilchgigggaqu]prubﬁ @@ﬂbm@]@ Upyat feps about 70%
o BEIREE P BALI, R LPARLaE 1 SR ARATRAl s e i
materidt faehavaspdigh of contratritivpesft InoRPSRas widtoey ppﬁﬁ@@ucli order to
matilh 1ROTRE LB §S d@su%@ %Qébtﬂiég;r at Giof QMR %bﬁc'eﬁfbﬁ&h%ﬁds to drive the
conprises a nmj S5anmount "on a dry solids basis
equiifbrifnnem lgﬁwlmntowmdemnd@a@@nawa@we} i thespheyr Broducing higher
mo%ﬁe[r%eﬁhh‘ El%d&:%n CPLFRL th Q/a@f' cdMRRE b MER i SAGHIM [sGReferably
oners’ is greater than the concentration of |inear
relayadr: keatr: | Fge expmpigoivecedain Splé@ifﬁf?ﬂés e &iep PIBPASHIoN eRIpsisgs it least
aboYitPrs@b d&@@h&;ﬂér%lﬁl@ 9§ sHER isl DRkt dBBIQﬁ@t%@ ﬁ&aﬁ @petg ") In

such as bre cakes, "cooki es, crackers, extru
somgriedes the Jerd|FEMPPTPPIOTRELSS @PeY 73 ﬂﬁéﬁsorhé%@éwm&%fsf”&wh will

gen@xraﬁjg HGL fhe aﬁ%ﬁlﬁﬁc@ ori) b Ottt Syrup drG@mP hAHME hiSoors &fﬂﬂerature

products, wheat product s, dalry products

corfraepicnplniable Stq’i*é‘%gom%%fﬁ&ﬁ Tdode il peEPOiRe iy SDS 'mide by
hy d¥6192KErAREchCREICR dxtrAB dreBR\4Qfup Ges, redficib QefmuT (ﬂd)t]ﬁf hquor from

contalnlgg t he ollgosaccharlde sgru wi |l have

e RO IoE LR OTOT AT P P PR dflgons of

‘Hmﬁ&%@ﬁng |l ycemic load than a simlar food product in

a_conventi onal carbohydrate uch as carn
st &?elilﬁ feed CORBGIOR SpTBrS BRIPATRUE. R PHEET QERRIIgeen diso
iucmh@thels'tegmﬁmhaﬁh@etﬁe &fclEocEkthh@dS faiml ayhydirdiesd edctagdasolution

o Gl S Rl SR o TR B b

the (f&hﬂtceiﬂposﬁfont Mee écmeﬁ]trpﬁ@cbmd tthel contagthy ©f the M avithyaatalyst can
oec P S i ot BTG SR o S astog i g Sgmosition
wﬂh&ﬁchﬁWused as an ingredient in food products as a
r it can.fir r .
o T e Heqmp R Pt B30 ST hEGahsl B FRKHF ime
thatvay SaryASn svereichn ek ca}btavte},g pehibdswidybe apleesa eboueligdwinge i some
st.arg Jy1=Y
emgc%n?eangscoef\s(l? e#ﬁon ¥h% f(% ?18151({ ﬁﬁﬁ ’.1shc%Hﬁpte@\§1ﬂ?t%E Be leelspomgg st
for 'atiqng d51100 rhou:res i tnimt engbodmegys &hpt'tercnontaxr‘c@sﬁmea gan powsgd with
fourRCS') Wi Il be used,
h%g Héﬁ egﬁ%p r%%%%%ﬁgﬁgtm¥he invention is not
i n&ltoeejembpdglyqnu?fgh@mvmﬁm phayolatieEeverkion isaped o) piofluge gonlmear

! 011%05&@3%%53 he enzy aﬂ- B@ iegﬁﬁlglle Oz kP hsLiates Bk 'r@@@@ﬁ%flgage

yrup can products as a source of
of ajpiiadbl. 8- 'lJée‘Pr T 6 glu@ayi homﬁrt‘éﬁ%@ deieose jepjdies.c Ot witbippxample

food products w thout having a negative inpact on
flavor, nouth feel, or texture. The
functionality of the digestion-resistant oligoner

syrup is simlar to corn syrup and sugar, which makes
it suitable for conplete or partial replacenent of
various nutritive sweeteners in food products. For
exanpl e, the resistant syrup can be used for total or
partial 30 replacement of sucrose, high fructose corn
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16 5sugar and high in total carbohydrates. The use of
the digestion-resistant syrup as an ingredient in
bakery pr.oducts can hel p | ower the sugar and

rate levels, as well as reduce the §

W(gﬁ{(’%?%%é% whil e increasing the fiber cont ent /?’EZGWMO%I
bakery product. There are two nain categories of
bakery products- yeast-rai sed and
chenically Ieavened In yeast-rai sed products Iike

nuts, sweet dou and .br eads I gestion
E‘foélin&‘ﬁ%e BAB °§‘;)P‘b S Paft %%Olﬂg%%qt ep‘fogjé’ssm‘m Pinat s
densmgﬁfeﬁ as Dgluccamsglasd. |1t shoild bt wofersgiod &iat dvely a &tnnﬂohnﬂ‘necan contain

SODZf ﬁ}é (}élg\g{lcs § %*e %ﬂfneﬁl}rﬁ tg]?l(&lg.?ﬂgf e(‘[ %%(P 1t[ e}'}olu no %ba%stulinae& (tahat it

is B gast plewangkkstisalf thi g@tﬁﬁzessyheu gesof | gheductory.of nonlinear

]lozgqgkh%n resi stant corn syrup solids) could be added

O Hafner simlar to nutritive dry sweeteners, with
otH&meﬁmythnﬁrédmmm&mon&mdbmmumdmme@ﬂlghmm@wbgem1aw other

n e t r I _

cngfit el o e d E DUSHAN, THEbiloil ok e AL <, BRFEL HUbD s

2.5%rby Vcd{lunajoﬁthe dted rrempositithe Idoogh embmlmemmeﬁ'f[hb process, the feed
n%)r Eﬁgﬂsﬁ &q&iratcag&ﬁ '5%' o4 &19 He! don glét?t% dllﬂl ﬁaggn me, Or in

Ing in stry inc udlng el ng m xe ernent e
sonti spciebout @ e’ Cor Attty taiwdrabune, cleperdipgsonothe sYatpesntent, the
dorOf o dln€ e LERE ARG QEMET Op@RafAe dRakes:
ngﬁﬁ?&?eé“%%?%%aégng]thng sfﬁﬁpar to traggtlgﬁg on
mixgre dae tbs. mecéavasagmt@d todniittiy balagymeg  (Thepgeachen pagure is
maféﬂﬂ;%{j BGnd a&n&ﬁ%&ﬁﬂ&&&% fiaL H&stsﬁ 1@ SchfBv O @i degrec of
oughnuts can fried enper at ures_rangi ng
rev¢rslerm tg ogpn=lingars pligogietsh o g hsoateh embftdéﬁ@éﬁr &f Ubeprogpy, the feed
conﬁﬂogﬁﬁ&l fé‘éHﬁthté%' W%ql t@@eﬂi?x%g for b &R 20NbEMsurd Priod WEBLEBREHS of the
can be ad ughs as required to obtain optinmum
enzgm@g{rﬂéssgmgﬁgpef |fg(, étpoub PeA9q Bours prior tocpgsHyatign.| 1 echniques for
inatRAHBNSE oRh AL GleSwilyiRloGalid the TRME ATRFRLSIY Rstedd 6 iIRYivating
contain have a hl%her | evel of resistant corn

the gy 8/ 16 ¢ bg geparatefl b e mbng BirTieR d Froxdift ai n 30%

SUQE resiing h:(n%ﬁosﬂﬁﬁ Wal a ot &ﬂh@lﬁﬁﬁ’on &MohNi@kay oﬂgosacchandfxﬁ
artially resi stant, corn s E%;ollds

such i rergtiols TP comR igf SR BT Canedipioh e linca

© sacfMIi8d MIRmER nﬁaarltnesr&acchﬁqd@eﬂmﬁas Zhﬂéa%e che@f, tEX@mPneation of

The resistant_ corn sy olids .is rea
o et ST GO Tt b A FEAPOU T o Ay High 3 e
bﬁ@’aﬂiﬁiﬂdﬁ‘gg@f sd&t}fﬁhm@?l@umﬁﬂ@g a cream ng step or in a t
any.nmethod simlar to.the syr ener
R S P R A Ral bt G Beviit e
dex[fbsee(dutamfb litked afphs eEd) (¢ bﬁeaB’Olmkegfﬁ)‘rpRaﬂitmgbthma dinkages with

alte ﬁg(a%ﬁs g%lﬁl%ay (1C>$§T alpyr 6§>§)t’l h?NO qu%rb thﬁjg% %Qg Eguakages for
exatmIéE prebfjspiedades thalebitigy cfosaskrdintestingl dhgymes xa@digkse thetcarbohydrate.
The resi i

Thlcsi ql a Ig)xg tflhesce C]aoP%dr?tes to a.s% afz ?xl?ogtﬁaaglggeﬂnt%%tl#ﬁ{alsggl ﬂ&haﬁo%H
stdnewniomaﬁﬁem&mpammeMﬂgmkmnbakedngmmdsmmaﬁdidﬁsﬂmnSO
wt 92 €§ ed, ¢ 04 | of r1n1td§jl t}c ' l [ o§i ﬂéﬂ' ISQere @%Qr&%ﬁo&) h& residual
appearaﬁge of " a bak goo %e3|3tant corn syru

moshdchimided. | Kie modwgrcaﬁ Seinde Mélﬂgnﬁé atep of fepwoving hds@é@me of

te Welifhal' SRbOGI ARG SURS SRRy CARE 1B Qs Bwlif B B! pfoduct

ow therr g ass ran Itron tenperature

confpapitothdry mppbreoé filoeehnp rcbdm@togranhmhﬁ@qﬁomﬁﬁen syrr WEeston  via
be used is breakfast cereal. For exanple, resistant
corn syrup in accordance with the present invention
could be used to replace all or part of the sugar in
extruded cereal pieces and/or in the coating on the
out si de of those pieces. The coating is typically
30-60% of the total weight of the finished cerea
pi ece. The syrup can be applied in a spray or
drizzled on, for exanple. The fornula for the coating
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15. of beverages in which it can be used include
carbonat ed beverages, fruit juices, concentrated
juice mxes (e.g., margarita mx), clear waters, and
“KpﬁMg&gg$ dry m xes. The use of the resistan~pERo7060061
syrup of the present invention would in nmany cases
overcone the clarity problens that result when other
types of fiber are added tg beverages. A conplete
replacenent of sugars IS possible (mhich coul d be,

for .exa to 12% of, t he tota
R hayides caphs cgy 1&%’2 it 3%%%39&5 stiggens
for GRhhgle bfer pwidetion bevemagesr kami sgupH Abngitngyf thenseparaied
2-7,. far ex | e, .The i.stant.corn syrup could be
moﬂ?%ﬁ“?ﬁ“ﬁ%?EQ%P%%@§§83ES%@@?%ﬂ?gmand in pasteurized
beVﬁmﬂ©£Smbmmnmﬁoﬂﬂﬂhhﬁmn@yﬁelpﬁm@ﬁd@tﬂwoﬁutﬂmlRNMmOHOf

b : " :

ool R UL R U o A i g o

enzp@edersine binge pfdcéslsl rgsariety of raidk cé;ahﬁesqsed cagt srhyd@ehloric acid,
t t nd hj

sul acfs f«l&%j],epﬁio op%%gé‘l ggldaﬂr a Cclgxglﬁxlrﬁ %Ol%t th%rljgﬁ?f[ ind Ebn?eoerh%gl{/%en;c;, of the

prodeiy, kéih g, adfiairio ghealipl @mpbditiandu azh}etmasidédeltt & paldierts of the

feed OpotBH1 £ BE GARBURBA 435 | Spm@ Easl. RAHCIRub BbcHRH ke
3 o turther proces B 6od

si ng, processor
the pHdd ltlte|fcnd@bmb@sktmgpo@rl Oby2.5 m:@irrfslu ilrzér?l Q Hakemsemplydancnts, the

soh&é J:(lﬁl ﬁo&sd} ft'lﬁeiofgs A gdmghp'@ Btaﬁo&lf’/ot%%, 'tﬁgvaﬁﬁhﬁtclﬁ acitiR8ded to

gs wou have a solid
the cfcndcle mbpm 9.637 bed.-Hoe (w7 g solif eons ey éfYC%UFi%I agd the feed

conﬁ)lagl{l&n { ﬁn Erﬁiﬁllfﬂca?q ten:i)pgra‘Mré Br fuoad Rk ﬁp(@ dfrthS UJn%m&K;ﬁh the
I't cou e used for a partial replacement of th
acidot Aein thevensywp aprsignof ths PHcess che rqeeiay condiligss &@éﬂ%ﬁﬁm%ﬁ fora
tlmg Hffﬁﬁéhtt t(ﬁﬁ'h&tgé ﬂfercf&fﬁeé oSN, whicRiif fdnkeYertbotindentd iof thie E}ﬂ)‘éess
have a pH of 2-6, while savory fillings woul d
WﬂB@ab@ﬂﬁé%ﬁ@WSS pH. Fillings could be prepared cold,

or jheat sthiclar YURbSBmEROfe LS ¥aROktALISH bOthd RRd d&ﬁibdsﬁldn is at
fini shed solids content. Another type of food product

et Pl 0 bY Nl iR RREdE T E FRBHRHPL G SEHER Suticient i

malecehﬁ@tpﬁdof B cB ﬁ&sﬁ%ﬁm a@ﬁﬂnm end Ghe R¥L E:b&ﬂlﬁﬂmaﬁlds shpeied at a
snacks in whic

an ed i Iude uf f shack
tempAIEG & S HORY O B Ep%“ 5 et R cgfic RO
prap @ﬂidﬂ% pafic@xtehibe@the] BE Solids Bence:aRiisl afithe f26d Lomposition is

u SO|IdS woul added. di r ect.| th the
sbog SeIRTbY e gy the e SO i ihd A o fpt
abobf ] 401 (308FY il @bout 8Nd- IN@ifuted afve i 1§iccpm&dtml’ith0]n£gdmd The acid

e L R0 b2 P 00539 ot o o

sanfercondcOrHid mﬁcutgda& abldvg). p]nanha @mcmn(dmhoé:meifh énelcuon;antuig of the

t d al b d th
S T LU B e S S
‘corBy fatihe absteientifni giacdsniw limbagtinisterch o:snfne:rlpha( BAAinkagey and this

. .th baked to re e.exc t or,
s g il O ch R T e M RO B iR gpatyeed
revérmble d:ohdlensaelnm)v@nrtmes;ﬂm éehren @n»owvcohbtdrquegrpumd@mit given the
lar%en Varlfilg's(():fo c‘é)n%mbaﬁo%t tdeg%gl%%%y )?%Iﬁlc {hg bé%gm bt g:? allpha—l A
linkk@e irbingitfersned Fp yplntgve%o srhall. t;l@pdarlrﬂay daeesfa&te %@m mtmre #pha
I S o
sl R st (RO RO ke AR SR S S Sy X
other dry ingredients (e.g., flour). It could be from
0-50% of the dry weight. The product woul d be dry
m xed, 15 and then water added to form cohesive
dough. The product m x could have a pHfrom5 to 8.
The dough woul d then be sheeted and cut and then
baked or fried. Baking could be at tenperatures up to
500F for 20 mnutes. Frying would typically be at
350F for 2-5 mnutes. Another potential benefit from
the use of the reS|stant corn syrup is a reductlon of
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21 5which is canned and then retorted. In soups,

resistant corn syrup could be used up to 50% solids,

t hough a nore typical usage would be to deliver 5 g
wPloodddSh/ serving. - Syrups can incor por aperifRo7/060061

reststant corn syrup as up to a 100% repl acenent o

the sugar solids. Typically that woul d be 12-20% of

the syrup on an as-is basis. The resistant corn syrup

woul d be added with the water and then pasteurized

thes§ 1%]6%% Yj%bz%l%g?sf@regfg%klge% Ef 10§Jr od #ﬁc{ digeesqi\?e s%lgm %rhl?glfow the
Proﬁlﬁtﬁﬁ)Ws It]ﬂ&tghcmﬁhs small mte@lmm; h@’elﬁlyiplmnﬁd food product in
h t h

| Sél%C e c gig’?fé% 10&1? er %ﬂﬂg (S)’m\(l:\%cfi(f %r%at{gegtaggr §éheved dto be
somewhituliﬁerhmﬂmm figpuiedzyandirgiyent r daivebeBeved thot yhebﬂ.l amﬂet!hlyzed

of fee ¢ ner. e I
conf 55 SRS A SR 0 SO e
enzpad-prodead plodwws; andoherefaredésadigedtibleor butterfat. These
fa Y, d
e A ORI B S i
hydgd]medeiea,ropgpmﬂalamg« stoy@efmrnomlmm: ohgomers whereas with ac1d the
redﬁcﬁlpﬁ brOruf SR3AGS hah hfé%ﬁcreagg Y &in@mgoﬁay béddr at comparable
odextrinm, resistant starch, sucro [ or
rateg o rReatyose Gh AP E apidly rhy pengishatig shy drpiysis cof rﬁé@gm@rs otid egpsumed
slo@ih’ Qj{]fuﬁejaln cgh&h%ahgﬁ %Qc?dut:ty SYEBLRIAC heredU GHth@Scid dextrose
cra ose, acesulfane ‘potassium aspartane, or
Cm@%M%WmaﬂF@ﬂgshﬁ@Yeof These ingredients can be dry
%fb@ksﬁiau[vo erePRERAYC foid & ARRI af be %W'Ey‘ Rirogenation.A The

spray dried creamer powder is a conbination oﬁ fat,

hydeeenadsidn padictc ahahyigvait lower wlorisi panisnt | thatin queprily; gpilable
hyd®édehated SHEELARAYSRics 2N oﬁéqtaﬁ]b&ﬁﬁénrﬂ Qh@gﬁﬁ*&g“enaﬁEH Qaf B& used to

source can be one_or nore of saqybean, coconut, pal
decglgrize Boaroducs compesgion vgthput S&Pﬂ%ﬂ%@ﬁ%&m %éengﬁ e@Plﬁaleﬂce
(DEgan be sodi um or caIC|un1case|nates n1|k protelns
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coffee creamer is usually stabilized so that it does
not break down when added to the coffee. Another type
of food product in which the syrup can be used is
food coatings such as 10 icings, frostings, and
gl azes. In icings and frostings, the resistant corn
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food. The resistant corn syrup could be used as a

repl acenent or a supplenent to one or nore

conventional ingredients for such food. Because of

“Kjﬁﬁw&%% flavor and clear color, it could bg-pgdeRehdstds

variety of baby foods to reduce sugar and I ncrease

flber content. Another type of food product in which

the syrup can be used is q§tters and breadi ngs, 10

such as the batters and breadings for neat. This
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I'i near hi gher saccharides 0.0% nonlinear higher
saccharides 20.4% This material, ternmed Light
Raffi nate, was tested for digestibility using an

Wogggg/%g%g)assay About 600 ng of carbohydrat ep(gzhﬁszbgmﬁo%l
was added to 20 nL of 0.1 Msodium acetate 15 buffer

in a test tube. The contents were m xed and t hen
heated-to about 92 C for m nutes, then cooled to
37 C. Then 5 nL of enzynme "sol ution was added to the

[ at
coniyad g ¥ 1 oy o Bt @i, sBIAR S dflo YA e
of 308 By ﬁﬂﬂioﬁ.é.’f&u]ﬁm: athieis ezrpz@lymnmésmh Naoh inaitteagoker ped held at 149

10 132 EEEQS(Zto fjg % Sl e%}s ?ﬁ;%a@ﬁé ufh%%elfcl@[[izeqls FcﬁtlFl?é ﬂyjdfo‘fyzed
18 r opesised amd af high prempmtagur® @ultmgtje’ﬁsqoﬂklhar ThPahYdfOﬂYStSrra@qC%ﬁﬁhe

mo]ﬁéu?arr %rtellﬁg{' (%f P rc% aBd (—t}n%isatt S%E&%Esg/o g&&n&@m Iﬂ@ﬁ?&échaﬁh@ and

i nat e con al ne sol i1 ds, as
ohgoppmembsnmthwo@mt@ny (4ohenpngdrboyh éheEli‘gﬁt“Ol%fSFqch‘ﬁld’és is

use(l? Iﬂf:remotrg o2, ﬁﬁc@lﬁl%gs 0es Eh%ngt Qteie%@% PREGEI 808, AF dkauple

ar wei saccha cooked potato starch,
sacoblaridel hindu m@lgreb eépplmwwﬁilqnt@?é@f abgi2-30sH npwEligne azeni0,

suclt 9&&3&&5&%% nal_é1 @anr heSidliddSo Qlfop tRecidng&siiiDiahd Eh}in &8 S@Mposition

a sacc arrde analysis are shown in 25Ta

ble 2.
canCofelbr plapcdtrecrigeda?4 by icgntagiiag ddwih r Aydrabiie cazypg r22 Suitable
enz%ﬂ@@&h&eoﬂ?ha/ﬂnll VIRES GRN 248 dnt)1 hARdeis ZvAalaBle Gond Novozymes.

material %rapidly %slowy %
This easirynaint hydrotusito furthen | ipggepscs éheg é%f?‘?nlﬂg% i E’QE‘ES?‘E?PEM@S and

oli @%&ﬁﬂﬁés BSe® ACHP BbhsiBSion. Thel R¥raliiPAR) of thy hyidRMNE)s by\WEld and
en;?me tsl'éaglgc?nt ?s%f gcréhggfzyqthe éta?rg? 9’[6h:els sgc%haﬂﬁ%d conrlp%];l]‘:lilmngltn %e isomerized
1o change the monosaccharide profile, for example to increase the concentration of fructose.

The saccharified composition 26 can then be purified, for example by
chromatographic fractionation 28. In one¢ embodiment that employs a sequential simulated
moving bed (SSMB) chromatography procedure, a solution of mixed saccharides is pumped
through a column filled with resin beads. Depending on the chemical nature of the resin,
some of the saccharides interact with the resin more strongly leading to a retarded flow
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, such as
dextrose and fructose.. High fructose corn syrup is an example of such a stream. The
fractionation also produces a raffinate stream 32 (iec., faster moving components through the
resin bed) that has a reldtively high concentration of oligosaccharides (e.g., about 5 - 15 %
oligosaccharides on a dry solids basis (d.s.b.)) and also contains a smaller 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 to continuous operation. The process can also be performed in batch
or semi-batch mode. |

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

performed using a Desal DK spiral wound nanofiliration cartridge at about. 500 pst of
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45 3 59 45 55 Heavy raffinate 41 3 56 44 56 Potato
starch (cooked) 78 11 11 44 56 5 There was an
excel l ent correl ation between the percentage of
i gosaccharides in the material and the pe ;
W(g%w ﬁségz(r;}ateri al that was resistant to di ggs%(?lg%ﬁ%m%l

Exanple 2 10About 1,025 L of raffinate syrup at

21.4%dry solids was obtained froma plant in which
corn starch was being procléssed into high fructose

corn rup. Th ffi, dDb o
o e GRS S R e OHIeo it PRt P gz stp

34 douldGlis0 He actbslplkxd ty0sguentid) @infuddhiddi nding badichrafpeahe dSIMB).

nanofiltration usi ng two Desagl .NF3840C- 50
Thd S0P PRSP ELIET P ARG, b LB Re e pass fhrough the
melpbre&s whizh aftlprasts @imheipaoadsatckaides, ¢ 56EntatABR éle., icbi@ponents
.starting 15 val yne was .reduced by about..a f.actor., of
riedis by 18 e mPioiy i AP e ol RRiieR, (BB e
her@o Agdm rikat viel dompodiicaf dohtaiha trioomofibe RgedBliomperteat tharAbf @y other
diafiltratio 7. of re t at e produ 3 %
confpofnl gh sy Rl By fhe S Ahe BB vi6 s ol
streara 30 Vead. gdihcfarctvenco®sysen) b Yhayermiute iof meposaphaulkrids jtregp and
irei.ng 1N ref.riger \ j . ' J
the Bl ' S e A A, RSP G} p hGTI A Pt
the pligvercchiarid¢srin thegetemate tnd Hg eyonosacthendap brthe emedi. relypue tosthe
aanb 8 g grqugegr age concentration of about 73% ds. A

sac e analysis of the dry product was perforned
by THPAEnRXDS % whivlrebo e dgstrybed anel oligesacehatifie yrar ¥, § ea

suf%&eg&@?}gﬁcct%gtgéaogl ogg}?sagﬁﬁmdég %{ ar\é\lslo%‘}’&j d%egﬁblect@.é.t, hOREst about
50% by weight d.s.b., or in some cases at least about 90%) so that it can be dried or simply
evaporated to a concenirated syrup and used as an ingredient in foods. However, in many
cases, it will be useful to further process and purify this corﬁposition. Such purification can
include one or more. of the following steps. (Although Fig. 1 shows four such purification
steps 42, 44, 46, and 48 as altérnatives, it should be understood that two or more of these
steps.could be used in the pfocess.)

The oligomers syrup 40 can be subjected to another fractiomation 42, such as a
membrane filtration, for example a second nanofiltration, in order to remove at least some of
the residual monosaccharides, such as fructose and dextrose. Suitable nanofiltration
conditions and equipment are as described above. This nanofiltration produces a permeate,
which is a second monosaccharide-rich stream, which can be combined with the monomer
stream 30. Alternatively, the further fractionation 42 could be done by chromatographic
separation, for example, by simulated mixed-bed chromatography. '

The syrup 41 can be isomerized 44 by contacting it with an enzyme 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 Withr 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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I somal tose 20.6% mal tose 23.5% maltotri ose 0.4%
panose 20.9% | inear higher saccharides 0.0% nonli near
hi gher saccharides 29.1% 25E)cariap - Preparation of
shd=pgar oligomers from dextrose by enzynperms2007/060961
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as replacement or supplement for conventional carbohydrates. Thus, another aspect of the

invention is a food product that comprises a carbohydrate composition that comprises 2 major
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Characteristics of starting syrups Staley 200 Stal ey
300 Staley 1300 Neto 7300 Sweet ose 4300 Stal eydex
3370 Degree of conversion very |ow | ow regul ar

wdﬁﬁécﬂ)s%gmhi gh high Type of conversion acid- gRZ¥&R7Hs0961
acrd acrd acid- enzynme aci d- enzynme aci d- enzyne '

Dextrose equivalent (D.E.) %26 35
14

amount on a dry solids basis of linear and non-lincar saccharide oligomers, wherein the
concentration of non-linear saccharide oligomers is greater than the concentration of linear
saccharide oligomers. Specific examples of foods in which the syrup can be used include

processed foods such as bread, cakes, cookies, crackers, extruded snacks, soups, frozen

~ desserts, fried foods, pasta products, potato products, rice products, corn products, wheat

products, dairy products, yogurts, confectionarics, hard candies, nutritional bars, breakfast
cereals, and beverages. A food product containing the oligosaccharide syrup will have a
lower glycemic response, lower glycemic index, and lower glycemic load than a similar food
product in which a conventional carbohydrate, such as corn starch, is used. Further, because
at least some of the oligo'saccharides' are either only digested fo 2 very limited extent or are’
not digested at all in the human stomach or small intestine, the caloric content of the food
product is reduced. The syrup is also a source of soluble dietary fiber.

The digestidn—resistant oligomer syrup described above can be used as an ingredient
in food products as a syrup, or it can first be concentrated to form syrup solids. In either
form, it can be used in a number of ways. As mentioned above, this syrup can be derived
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 i3 not limited o syrups or syrup
solids that are derived from corn.

The digestion-resistant oligomer syrup can be added to food products as a source of
soluble fiber. It can increase the fiber content of food products without having a negative
impact on flavor, mouth feel, or texture. . |

The functionality of the digestion—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 example, the resistant syrup can be used for total or partial
replacement of sucrose, high fructose com syrup (HFCS), fructose, dextrose, regular corn
syrup, or corn syrup solids in food products. As one particular example, the digestion-
resistant syrup or digestion-resistant syrup solids can be used to replace other sweetener
solids on a 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 substanﬁally 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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43 42 63 95 % dextrose 5 13 19 9 37 90 % nmal tose 8 10
14 34 29 4 % maltotriose 11-11 13 24 9 2 % hi gher
saccharides 76 66 54 33 25 Whil e many of the

wolz'ﬁ psSagverted syrups have substantial quangdfi@sesesst
nonl 1 near hi gher oligonmers having a degree of ' :

pol yneri zation of four or nore (NL DP 4+), they al so
15

resistant syrup can be used in food producis in combination with sweeteners such as sucrose,
HECS, or fructose, resulting in no change in overall sweetness of the food product.  As
another example, the digestion-resistant syrup can be used in food products in combipation
with sucralose or other high intensity swecteners, which allows sweetener replacement with
no change in sweetness or mouth feel of the food product. '

The digestion-resistant oligomer syrup can be used in food products in combination
with resistant starch, polydextrose, or other fiber sources, to boost the fiber content of the
food product, enhance physiological benefit from consumption of the product, reduce the
caloric content, and/or enhance the nutritional profile of the product.

The digestion-resistant oligomer syrup can be used it food products in combination
with bulking agents, such as sugar alcohols or maltodextrins, to reduce caloric content and/or
to enhance nutritiohal profile of the product. The syrup can also be used as a partial
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
rtheology of dough, batter, or other food compositions. The syrup can also be used in food
products as a humectant, to increase product shelf life, and/or to produce a sofier, moister
texture.- It can also be used in food products to reduce water activity or to mmmobilize and
manage water. Additional uses of the syrup include: to replace egg wash and/or to enhance
the surface sheen of a food product, to alter flour starch gelatinization temperature, to modify
the texture of the product, and to enhance browning of the product.

At least in some embodiments of the invention, the digestion-resistant oligomer syrup
has one or more of the following advantages: high solubility, which makes it relatively easy
to incorporate into food compositions, such as batters and doughs; stability under clevated
temperatures and/or acidic pH (some other soluble fibers, such as inufin, 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 present invention cam 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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10have substantial quantities of Iinear oligomners.
Several of these syrups contain neasurable |inear
.oligomers up through DP 17. Figure 3 shows the
wdﬂ,b%sggmsaccharl de distributions. Thec RO MaR0961
used were Spirizyme Plus FG and Dextrozyrne DX 1.5X
gl ucoanyl ases and Pronmpzyme D2 pul | ul anase (suppli ed
by Novozynes), CO 220 CeIH%Iase and Transgucosi dase
L-500 (supplied by Genencor), d ucoanylase GA 150
sug fgnﬁg%lglﬁ cog& g’ésjagbc' rz:g:tg nqﬁﬁ hfs% ogéﬁ’euﬁ estighl ﬁjesm}ant Syrup as an
ingrEtientvia bilegs products @yrhah)slowrtbe mPnjgnﬂ@QIbphydrate evels, as well as

rcd\%@ ‘Meqe%l%lto %;y WZ%O&%E]&& \rl\fg%éf %ﬁ’[gﬁé d&f tﬂ% eaé’r%ﬁﬁ/oﬁl)ct

t uﬁfésre a‘fh@W@ym‘rupSatmleS btk ProdGUT Wﬁiseéawﬁs?h?waﬂy-
163\/%9&{ ofﬁb{%%lyed%rg(ﬁ%ﬁ 1N GonBR Z et X\ﬁ%hsd SRE bY@t 8 di¥stion-
e syrups to approxi mately Cfor 10 mn
reslstmg@hgormr s¥Tomeant eais¢d tna¢pl@ae@ﬁﬁrblmé Slze“ gnet ploysy ey st
@ siredt (ﬂ% i Wel‘hg & %%Qnﬁu&%ﬁﬁ%%?th@ Y8AF or for cmst browmng
stribution by the end of the four day treatne
Dlgﬁﬁtpwesw@vfefrhgpiéﬁr syperglids(¢-¢ @gqsvwafilstmt CEBTETR Sohds) could be

addb &I ﬁﬁﬁer Aiffar RO Huth ‘ie’éeﬁﬁ{f sdekQIBEiHCARY: @R m@s@&ients and would
ra

I ncr eased poi nts shaqul d be not
reqifer 1y speqitl diapcipey tTéa respsies e TR hoyAdtlid Vs *ﬁef liquids as a

dlreépréﬁ%@ﬁenh L) Q?lrupﬂ BX i A Sw &RMEE NTH NHdudOWeHild Gt RNBro@bsed
non- | i near g’orrers than the other 25 s rups

ile
undgy 4=0n§1;/191aﬁp@w weq i the daline BAYTTS RGNS RemEgYRes ermented,
divi&d, Wrhrell BVEHBEQANnto MR ed §SBapeq PHRIIICHhdPUKJINS friadi (The poduct
initial dextrose content, consuned water %s t.he

can P SEkI50 (8RB SOWLRE I EER T Gopef PAGHcs. Bread sre Coimonly
bakePRGEASIrlirePRBEME Ersm442@°m@ smen f@Qe o0} Rlisitdd |agmecrughﬂmman

th d 33
e B o gt S (TSI A Bl B4 S

couRBal@f WruseX amigh enterBion Sulmﬁsﬁerﬁ bancbevitiairto MiDhghe wd &Quu)edAs obtain
Table 5 shol\é\és t he ter contents of the reverted

Optwetflf’séﬁ JPRPPRE dextrose content, and trend
i NV@etiehYy Watdned Ppeodbéig bpically hgenmore coger end ma¥ aohtainFave a

s RIS SR B3 LI R s
coudBR0eRired IntréiyNe partifIBO GitR fesid@nt23rmSymbeglidt 30Ms2rod@ts could
have a pH of 4-9.5, for example. The moisture content can be between 2-40%, for example.

The resistant corn syrup/solids is readily incorporated and may be added td 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
example by being sheeted, rotary cut, wire cut, or through another forming process. The
products would tﬁen 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 to baked goods, and/or used to form 2 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 tempefature below

~ their glass transition temperature.
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27 Staley 300 19 47 27 Staley 200 20 46 28 10
Lower water content drives the equilibriumtoward a
hi gher concentration of reversion products. If the
ntent had been adjusted so that fin

“”%%ﬁ?@ﬁ?@ had been identical, we believe theﬂgﬂggéﬁﬁmmmﬂ
di stributions would al so have been identical. Second,
all syrups after reversio 7had nmuch hi gher
percentages of branched ol'goners 15 at each degree

SR G T R e PO B b e R o
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pieéen Ushig tﬂe %@s‘iﬁ?é&n %fmp%r@\ll@&’rezgtg@@fﬁﬁéﬁ“&twemn other fiber sources.
gl ucoanyl ase, I I'near i goners _of and
Usipg #laae opdt eoqﬂamﬁen Wl@dﬁfs‘-‘ﬂ rﬁée"s ey ﬂéféth% rtftXéJde fopereate product
divd@yt rose. The concentration of these | i near ol i goners
reached its e%U|I|br|un1of about 1% of total sugars
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be (i BT o e S QAR S SRR 8y ebgine from
160t o RBIFO Qloapltye rapladepsits sudad ik b daisgmpluetsis passibledivhiclh eduld
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be wra A S RE BN 05 SR Ph g bl Cacig ors
@hdmenmgmﬂﬂmadxsynyﬁaqmmmewdﬂ&b¢Eﬂ)to 2096solids A

ena e reo el apEhy b e RVEP B luet Y, (TR
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L
cardrinds and saffets chois, lﬁm@. tablhted e@ﬁ@:emsr zuidifot sodckn dn Ifiini eecks, the
resﬁ.m? Q%R %J goqﬁlr 1§’e %n @5]1% )frlg{ a)gQgeq"h% @run %I:c Would
ours and “appear e to p uat a .
prowifle t?@traﬂjorgm ghths dyyetheshonrd ghe tesmient cpmmerpawwe reﬁu@/ﬂé@j total
sugl.;\'yc(aﬁtgﬂtyaﬁﬁ #dd ﬂ%r F’T% ]?E E@%ﬁ cll féj% 1591%?0&5%1@{'}1 and heated to
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Increased as a r ysis. The rate of
the Hipthhes] yadids comiem. t Ths durff e%thbe @P@I@bﬁﬁlyl HES§5°F to achieve the
(Spirizyme and Dextrozyne) were used was identica
201t appears fromthese experinents that the
non-1linear oligoners formed through reversion are not
i mmune to hydrolysis by glucoanyl ase enzynes (or
inpurities therein). However, it appears that a
portion of themis resistant to hydrolysis. At 20% ds
_ the equilibrium between nonomer and ol igoner is well
on the side -of nononer. Yet -11.3 % DP4+ and 11.6%
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Tabl e 6 shows the change in concentration of al
sugar species when reverted syrup was diluted to 20%
ds at 60C in the presence of active Spirizyne enzyne

WOT%éI&5§9 30 hr% of total sugars ti med UCOS EpT/ISH007/060961
I'soma' | ose Mal t ose Panose Mal tonose L DP3+ NL DP3+ NL

DP4+ 0 46.7 16.8 4.5 2.4 0.3 1.0 30.5 28.1 1 58.6
18.12.00.6 0.1 0.6 20.1,19.5 2 64.0 17.0 2.3 0.5
0.1 0.5 15.3 14.9

finished solids content. Acid could be added before or after heating to give a finished pH of
2-7. The resistant corn syrup could be used as a replacement for 0-100% of the sugar and -
100% of the corn syrup or other sweeteners present

Another type of food product in which the syrup can be used is jams and jellies. Jams
and jellies are made from fruif. A jam contains fruit pieces, while jelly is made from fruit
juice. The resistant corn syrup can be used in place of sugar or other sweetencrs as follows:
Weigh fruit and juice into a tank. Premix sugar, resistant corn syrup and pectin. Add the dry
composition to the liquid and cook to a temperature of 214-220°F. 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
of beverages in which it can be used include carbonated beverages, fruit juices, concentrated
juice mixes (e.g., margarita mix), clear waters, and beverage dry mixes. The use of the
resistant corn syrup of the present invention would in many cases overcome the clarity
problems that result when other types of fiber are added to beverages. A complete
replacement of sugars is possible (which could be, for example, up to 12% of the total
formula). Because of the stability of the syrup at acid pHs, it could be used in beverages
having pH ranging from 2—7; for example. The resistant corn syrup could be used in cold
processed beverages and in pasteurized beverages.

Another type of food product in which the syrup can be used is high solids fillings.
Examples of high solids fillings in which it can be used include fillings in snack bars, toaster
pastries, donuts, and cookies. The high solids filling could be an‘acid/fruit filling or a savory
filling, for example. I could be added to products that would be consumed as is, or products
that would undergo further processing, 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 entirely replaced
with resistant corn syrup, or it could be used for a partial replacement of the other sweetener
solids present (e.g., replacement of current solids from 5-100%). 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 sheeted
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

" com symup/solids would be added direcly with the dry products. A small amount of water
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368.6 15.3 2.1 0.4 0.10.4 12.8 124 4.75 69.6 14.7 .
2.1 0.30.1as 12.2 11.9 7 723 13.01.9 0.3 0.1 0.5
11.6 11.3 ("L DP3+" refers to linear oligoners

WQ%‘L“’%?} degree of polynerization of three 9[71“/'6950%7/060961

refers to nonlinear ollgoners havi ng
degree of polynerization of three or nore. "NL DP4+"
refers to nonlinear oIigonﬁ%s havi ng a degree of
polynerization of four or re.) 10 Regardless of

I Strj utlon r degree of. conversian
woi e addBl it Bmite oPhoBEh YH5ioN IR APERY o
10(315@3300‘&1 Sthisi cbgutdsﬂfanmngdympaaﬁmlcaﬁle bk bdded @aliceds fadm 0-50% of
rales entralons 0
the d 11 el tjﬂg;[ rgs1% t:ora u}zru]% 601.%141 alsoeﬁgza(ﬁgcf at one of the
qulri(épcmsaloog tI:(efextmllen ﬁyelpumuctlwuukiammlougm pidresa muemmstpneatbytent
0 yd dex 0 r il . [
(ooYfl B B8R OIS B3 e Ul OG0T T B g0 Bl
(10%) ramdi ithee driedotoi gmrer swoatue 4rolr gvekl oufThe pprdociu clBdking @iild be at

tenlfllgﬂ?lfu!rés 83 5@t 42" mut§s aid ZARSuPRLE i@{ﬁéﬁl be at 350°F for 10
eversi as” evi denced by Bhei'r ygr ys?’s by
mingtes.c danips awelda'tvpllcaiiwelve sty OF Swl3-Ysmindfisusin svklestet seack, the

resiét%‘{t%&tnn%%)é&ﬂﬂ %mﬂﬁ Se Qéeh Yt ? Bargﬁfréb’la%mﬁ&ﬁ%% g%%rl]%ﬂﬂgﬁé?ed ents

Ion o appar ent
(e.g.Hboup| ilyenisr ks falt@()iﬁ)%r@tbfz@’d weighk Tl pieduct wawd be dry mixed,

and%%%& adcigﬁ lt(?‘foﬂﬁ AL @&u%ﬁ T%o&u%&%ﬁﬂ@hﬁv@% p@c from 5 t0 8.
The dough Would then be sheeted and cut and then baked or fried. Baking could be at
temperatures up to 500°F for 20 minutes. Frying would typically be at 350°F for 2-5 minutes.
Another potential benefit from the use of the resistant corﬁ syrup is a reduction of the fat
content of fried snacks by as much as 15% when it is added as an internal ingredient or as a
coating on the outside of a fried food.

Another type of food product in which the syrup can be used is gelatin desserts. The
ingredients for gelatin desserts are often sold as a dry mix with gelatin as a gelling agent. |
The sugar solids could be replaced partially dr_ entirely with resistant corn syrup solids in the
dry mix. The dry mix can then be mixed.ﬁith water and heated to 212°F to dissolve the
gelatin and then more water and/or fruit can be added to complete the gelatin dessert. The
geléﬁn is then allowed to cool and set. Gelatin can also be sold in shelf stable packs. In that
case the stabilizer is usually carrageenan-based. As stated above, resistant corn syrup can
replace up io 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 syrap can be used is snack bars. Examples
of snack bars in which it can be used include breakfast and meal replacement bars, nutrition
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 svrup to 90% particulates, to 70% binding syrup to 30% particulates. The
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20l i nkages by gl ucoanyl ase (or perhaps inpurities it
contains) is not entirely irreversible "m stakes" by
the enzyne. Exanple 5 - Quality of d ucoanyl ases

wo MgeissoRever si on. The anount of enzyne neegedub®o7/060961
effect the reversion is high relative to typical 25
enzymati c processes. Approxinmately 1.5%v/v of
commonl y used gl ucoanyl aseg, (for exanple, Spirizyme
Plus FG and Dextrozyme DX 1.5X, supplied by
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were sh n "vi gor ous| ¥ to uniformy distribute
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Treatments were performed at 60, 70, and 80C, and at
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reaction on Staley 1300 syrup was at pH 2.3 with
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ol i gomers decreased, and non-linear oligoners
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A second round of acid treatnments was conducted in

whi ch Staley 1300 syrup was adjusted to 1.2 and 1.8

pH with HCl. Each pH treatnent was run at

wd fphgsaLures of 70C and 80C. Al syrups gengéph®orosoost

S gni |cant col or over the course of the treatnents
The extent of 30color increased with decreasing pH,

i ncreasi ng tenperature an% increasing tinme. At the
extrenmne, darkly-colored i nsol ubl e conponents f or ned.
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Exagiples nftofige erpimars iweyhighat ¢ap he pfed inslnde bejh h@lld W|dcny ereapaprs. A
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follewsing &t Biess s@yﬁemh-@)cgm-palnv, aviglowen at capply pid og byyierfag dibgse fats
canbe QQﬂ Hﬁfr&g@ﬁ'a@ed dr%?ﬁ%%etn%@ rRBediQdnt EQR SRR added as a
(These four e before maltose.) It also shows
fibeg mfﬁéeropéﬁnaﬁéafégetfl@r withi destordlieacdhirieer Pely e sinulin,

matkfdd@fa, Crefishfl QcBNQNS0sENARDES chileMEAT cdth SiyhiphWHdON The
over time for these four |ower-pH, hlc%her tenperature

comppEfeEHY also (Gentpy gk IBABEY SE’S?‘?}WW SEChhRs PugEfosg ofcGfeme

potdsﬁuﬁlh%pﬁlﬁﬁiee oS EMENAIDR ABRMNt TAfsclifRedidhikag W dly 8lended to
eaks, and 1s not included in the NL DP3+). 5 pH

progugpfheidpsired FRMROSIBR- 34 Table 7 G ucose % of total

Z g@gﬁ;ﬁayglﬂ{;dgpé?léhep%déﬂhs Q%m&ﬁaﬂon&)fm Brow tuldl dboBPdrates,

emulsifiers, emulsifying salts, sweeteners, and anti- cakmg agents. The fat source can be one

or more of soybean, coconut, palm, sunflower; or canola oil, or butterfat. The protein can be

“sodium or calcium caseinates, milk proteins, whey proteins, wheat proteins, or 5oy proteins.

The carbohydrate can be the resistant corn syrup alone or in combination with fructo-
oligosaccharides, polydextrose, inulin, resistant starch, maltodextrin, sucrose, or corn syrup.
The emulsifiers can be mono- and diglycerides, acetylated mono- and diglycerides, or
propylene glycol monoesters. The salts can be trisodium citrate, monosodium phosphate,
disodium phosphate, trisodium phosphate, tetrasodium pyrophosphate, monopotassium
phosphate, and/orK 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 sifica dioxides. The products
are combined in slurty, optionally homogenized, and spray dried in either a granular or
agglomerated form.

Liquid coffee creamers are simply a homogenized and pasteurized emmision of fat
(either dairy fat or hydrogenated vegetable cil), some milk solids or caseinates, corn syrup,

and vanilla or other flavors, as well as a stabilizing blend. The product is usually pasteurized
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via 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 is usuvally stabilized
so that it does not break down when added to the coffee.

Another type of food product in which the syrup can be used is food coatings-such as
icings, frostings, and glazes. In icings and frostings, the resistant corn syrup can be used as a
sweetener replacement (complete or partial) to lower caloric content and increase fiber

content. Glazes are typically about 70-90% sugar, with most of the rest being water, and the

resistant corn syrup can be used to entirely or partially replace the sugar. Frosting typically

contains about 2-40% of a liquid/solid fat combination, about 20-75% sweetener solids,
color, flavor, and water. The resistant corn syrup can be used to replace all or part of the
sweetenef solids, or as a bulking agent in lower fat systems.

Another type of food product in which the syrup can be used is pet food, such as dry
or moist dog food. Pet foods are made in a variety of ways, such as extrusion, forming, and
formulating as gravies. The resistant comn syrup could be used at levels of 0-50% in each of
these types.

Another type of food product in which the syrup can be used is tortillas, which usually
conmtain flour and/or corn meal, fat, water, salt, and fumsric acid. The resistant corn syrup
could be used to replace flour or fat. The ingredients are mixed and then sheeted or stamped
and cooked. This addition could be used to add fiber or extend the shelf life.

Another type of food product in which the syrup can be used is fish and meat
Conventional corn syrup is already used in some meats, so the resistant corn syrup can be
used as a partial or complete substitute. For example, the resistant 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 ingredienis such as starch, carrageenan, or S0y
proteins. This would be used to add fiber, 4 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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Another type of food product in which the syrup can be used is infant and toddier
food. The resistant corn syrup could bé used as a replacement or a supplement to one or
more conveniional ingredients for such food. Because of #ts mild flavor and clear color, it
could be added to a variety of baby fooids to reduce sugar and increase fiber content.

Another type of food product in which the syrup can be used is batters and breadings,
such as the batters and breadings for meat. This could be done by replacing all or part of the
dry componenis of the batter and/or breading (e.g., flour type ingredients) with the resistant
corn syrup, or to use in combination with addition to the meat muscle or fried food itself.
This could 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
(e.g., stream 26 in Fig. 1) that is resistant to saccharification. By separating this material as a
purified product, it can be employed for its own useful properties, rather than being an
undesirable by-product in syrups that are primarily monosaccharides, such as high fructose
com syrup. Removal of a greater percentage of the oligosaccharides from the high fructose
corn syrup allows that product to be made purer (i.e., with a highef concentration of dextrose
and fructose) and thus more valuable.

Food products of the present invention can also be used to heip control the blood
slucose concentration in mammals, such as humans, that suffer from diabetes. When the

food product is consumed by the mammal, the slowly digestible and/or digestion resistant

"components in the food product can cause a more moderate relative giycemic response in the

bloodstream, which can be beneficial for diabetes patients. “Control” in this context 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 digestibie 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 ]
Raffinate syrup was obtained from a plant in which comn 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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using a Desal DK1812C-31D nanofiltration cartridge at about 500 psi of pressure and at a

temperature of 40-60°C. The retentate from the nanofiltration was decolorized with activated

charcoal, and then evaporated to approximatety 80% dry solids. A saccharide analysis of the
dry product was performed by TIPAE-PAD chromatography, and the results are shown in

Table 1.

Table 1
Component Wt % d.s.b.
dextrose 38.9%
fructose 6.1%
isomaliose 14.3%
maltose 10.5%
maliotriose 0.3%
panose 9.5%
linear higher saccharides 0.0%
nonlinear higher 20.4%
saccharides

This- material, tenﬁed Light Raffinaie, was tested 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
buffer in a test tube. The contents were mixed and then heated to about 92 °C 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 glucose test from YSI Inc. A Heavy Raffinate, processed in a separate
but similar nanofiltration operation, was also tested uwsing the same assay. The Heavy
Raffinate 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-
digestible digestible saccharides saccharides
(by HPAE) (oy HPAE)
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Light raffinate 45 3 52 45 55
Heavyy raffinate 41 3 56 44 56
Potato starch 78 11 11 44 56
: {cooked)
5 .
There was an excellent correlation between the percentage of oligosaccharides in the
material and the percentage of the material that was resistant to digestion.
Example 2
10 About 1,025 L of raffinate syrup at 21.4% dry solids 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 nanofiliration using two Desal NF3840C-50D nanofiltration
cartridges at about 500 psi of pressure and at a temperature of 40-60°C. After the starting
15 volume was reduced by about a factor of 20, the retentate was subjected to about 2 volumes
of constant volume diafiltration using DI water. After diafiltration, 27.6 kg of 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 sharry was-
sterilized by filtration through a 0.45 micron hollow fiber filtration cartridge, and evaporated

20  inparis 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 Wt % d.s.b.
dextrose 4.5%
fruciose 0.9%
isomaltose 20.6%
maltose 23.5%
maltotriose 0.4%
panose 20.9%
lingar higher saccharides 0.0%
nonlinear higher 29.1%

saccharides
25 Example 3 - Preparation of non-finear oligomers from dextrose by enzyme.

Concentrated dextrose syrups having solids concentrations of 74%, 79.5%, and 80%
were prepared by (1) evaporating diluted 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 waicr bath.
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sug[ﬁ_@ lwte%stﬁatected using a gold electrode with a four-potential 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 corn 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% dexirose)
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.



10

15

20

25

5.2% mal totri ose 0. 3% panose 3.2% | i near
- sarchari des 3.3% nonlinear

10(" H gher sacchari des"
g ggg{;ﬁ having a DP of three or

nzynme Rev

of 43 DE corn syrup at 80% dry solids (Stal ey

w@'z

gal
1300) wi.th an additi onal 5
slowy agitated in a tank

15 of 60C. About 1.6 gal
was added to the syrup sif8¥f¢

ersion -

Low Sug

hi gher

hi gher sacchari des 59. 1%

nore. )

in the above table neans

ar Appr OXi rErXa? g&{pggﬁwﬁso%l '

of deionized water was
nd heated to a tenperature

of Spirizyme Plus FO enzyne
and with good

agitation. After (GrabeHsrs afsthle syfube SyrUIO was

-\r‘ anrl h Id fnr ')ﬂ mnllfac
SHEENE r

aﬁt@l@ﬁi@x

NO mal wat '(? T UUUUU 3370

Q
e[ SFFBRITDRAG F0 N £s

tep fromp 119‘?5(/ P3N0 [ o e
t Jvldll'y't]{)\af| | tgvart i or}egtﬁdrnq RaPeshl Hifir 1 | 38406

Parfrl
Galt+

i tration dge bout 400 psi of _
Ty ES&ieRioAN Fidy tlenpag at ur eciaf 2(@Cidr egh 2cid-
diafiltratibnfWd%Sr! was added to qﬁﬁ;@@@at gnzyme
DeﬂF‘T }%“Wa]leﬁe range of 13 td 2049 MH| Figgtratign 95
(D-Ed2% | nued untilthe retentlate conlained less than 10 . |

% 08 lysii s OThd ul M afilltéhtibn P2tentatéd

Yo dg mﬁgse_(_d._g_bs_)_bwrﬁnhl nat1%n of ¥arll Fi 3her land®®
| 7o madioseioyt r gsh anfl
mg)ﬂ%af edl wi tth 10 actli vdt edidarbhon2bn r‘lr9y salidg

~ heated in 60°C water baths for approximately 4 days.

7%l s, Next| the cairbqgg wds regmoved pjy filtpation and

sacﬂagd@i Ltrat vaporiated td 73 4% ds sacchani de
anal ysis of the final product was performed by

HPAZRiRARSN bR GG caRMed st m@e k@sthd RhRSH ewﬁoﬂhaear
_Table 9. Table 9 ConFonent % d.s.b. dextrose 0%

higher plipesesss 1vipg; degiva Pt pRlEMGIZa0A0 ofdourer moe(NE: BEgH), 'they also
havBBlitlsRhfidl Q8tiHesAMIRBRIVHBomers. Several of these syrups contain measurable

linear oligomers up through DP 17. Figure 3 shows the initial saccharide distributions.

The enzymes used were Spirizyme Plus FG and Dextrozyme DX 1.5X glucoamylases
and Promozyme D2 pullulanase (supplied by Novozymes), CG 220 Cellulase and
Transgiucosidase L-500 (supplied by Genencor), Glucoamylase GA150 (supplied by Sunson
Industry Group), and Transglucosidase L (supplied by Bio-Cat Inc.).

The various corn syrups were adjusted to appféxjxnately 70% ds. Approximately
3.3% (v/v) Spirizyme Plus FG Enzyme was added to each in 50 ml tubes. The Syrups were
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 comparable 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, coﬁsumed water as the new distribution
was established, and final concentrations were 4-9 percentage points higher than the reverted

3370 syrup. (The hydrolysis of 4 single DP6 oligomer of dextrose to six dextrose molecules,
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Lower water content drives the equilibrium toward 2 higher concentration of
reversion products. If the water content had been adjusted so that final 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 isonialtose concentrations over time when a
concentrated dextrose syrup was treated with Spirizyme. It would appear that linear
oligomers are the kinetic products while non-linear oligomers are the thermodynamic
products. That is, forming the linear dimer, maktose, from dextrose is a rapid and reversible
reaction with low activation energy. Forming the non-linear dimer, isomaltose, 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 preater 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 treatment. (See

Figure 8.) Over a longer period, dexirose concentration slowly decreased, and the



10

15

20

25

30

35

19. 2% Exanple 10 - Acid Reversion - Mderately
Resi st ant Approxi mately 35 gal of 43 DE corn
syrup at 80%dry solids (Staley 1300) was slowy
wPBhd RS in a tank and heated to a tenperatpERu§%07/060961
80C. out 4.1 I b 37% hydrochloric 10 acid was added
to the syrup slowy and with good agitation. The
reacti on was nmi nt ai ned at,,appr oxi mately 80% dry
solids concentration, as measured by Karl Fischer
anal ysi s. thr h..perj odj LEi.en f . .
conBiiR g P bR ol SEleble R ol 3h coflehfion o
malBBe galiscnfaliGse 35tistsdiitrams thatyeox fod dexsroseutieomniBiguadded

ol : ; . .
oo 90 RA LehBCR 05 th
deagonieeit prayinonbedfre d00ting. for. ioTigbromBtogtaniar anglypigt iHea thgawmples
' e raftiltratl [ -
oo TS P B aftlet SRt o i oh B par b back
dexppsessure and at a tenperature of 55-60C. Fresh
di af,| ' t | L&l N REAIOE3F Bach
| ST B LT ALAL IS R A D PRSI Bt v
heldigrtha mieserrewh BRifsmirenpete FALand airther pration dsachyyg helddp the

pre@Rtl e Qb & 4B0). ¥ s b RdahPd Qferki@le] ankditB\@EyAdaGh each
YSI dextrose analysis. The ultrafiltration retentate

samplgsvarg deastidtedps desairdigioryat ed carbon on a dry

205QhkdS siRS iR redIBX L At 40RE, (RAEIASRTURS Jf @ORIMEH hider oligomers
filtration and the filtrate evaporated to 71.59

At 5%ds. .

(DFA ag@ exepap) idarpperhia  plf madths 3 hayes o apieajsd Gypigipay g gbout T.6% of
totaP RIchQ@ bRl HRAG1EArahE QEREORIAE. ARk d® stods WekSose

are_shown in Tabhle_ 11, 38 5Tabl e }]bggﬁgp.on@gt W Q/Pf ;
conggn’s ingreasgd 3 o Esuls O FyFPhitE 0 JdC GUT oY | FiS hien Vg offitferen
olufRhYRSS ($HiB%aFahd DduoRaa:) derdsabRaSendcB% | | near

hi g]1 er saccharj des 25.6% nonléilnear .hillgh r sac hard' %es h

54 Yo8pPepiy At dhetq expeRpeys Ry dhss PRI P fsb§’fme oug
revéliok a@entin®tne to hydroARRIgXdimmbeliyse3mzgads (of inGBiribE therein).

corn syrup at 80% dr olids (SWEETOSE(.r) 430 S
 HogP | SBRE AP PR e Bt oty ofl 0Bty e

equlRSuRddethes n@nbrierwint bligoad 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 glucoamylase
content, illustrated in Figure 8. 1t would appear that, while gluicoamylase enzymes can

hydrolyze nen-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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- PAD chr omat ogr aphy, and thg‘ resul t ﬁxh
conp?imw the floxtrosg iy cOBHISH ARORNRCY,0feQngss argy fipdhe rogugtion
of AdnUikOSBgOmdYod RapRl b26aYGcRWBTE| & esRertte8Y SRItiytRlysis by
0.-0% panose 6.3% I inear_hi gher sacr hard des 12. go{ d bef
glucR3Y ot dr IORPHERP S19Eh Aty exhepsho ggvered syrups g diluted before

deaPtivabRLC the\acohylhdte b Iﬁ)btt@jnecf.ﬂ eat dppaomilr Agemassi @6 oligomers are

action conditions.
et PORE SRCTHB® EP el ireGaRrt e (0 P g lron-fincar
hnl&a@etsr ®Bd glﬁiaﬁmyms@ (@ pieps unpuritieadt amtahsyl iBnetSengteiymirenérsible
0/ r,uf) ni um on carbon catal yst was added with
Pr Wg‘ ¥ gFve 0.05% ruthenium (Ww) on syrup dry
soI i ds. The reactor was cI osed purged with nitrogen

10 as, .a he ressh drogen gas to a

pr é%%g%@l@id?ﬁg% ng eas?sea ?Cts f{evers OPhen heated to

120ICBe ahivinst bfengmatnwcbd an dffect iyd rovgeion ps dsburkbtiaf to typical
enzprmatlct Prgﬁeos%eg S\Qgspromlrng{e?l ?g%) ]:rfc%:fa?ffe ?&Hﬁr&%& él?étd a]t]goa(rjnylases (for
exapipleg SdrixyintelPlwsi KO agldextrFhyeer @A d 5Xo prlmddm Novemges)regpeeded

|} B .

o EhbaBraR IR LA QIPOERLE B2, LRI, fufd
mamtﬁ‘aogquzrs balg anadegrsaiasdss eddusingAlgnendeaeyhe dhaogarogmylggedi form
revEie g)srocﬂlgtg rt)%mﬁt &5y B aeeg&faarﬂaeg@ enzymes — the

ana is of S pro uct was per by HPAE:
magIHFcoers O@Oamywp -dpravitigfereyasien mrgd@isér%ﬂmﬂm It i OWaltﬂléf that the
13. 40
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5Tabl e 13 Conponent W % d.s.b. dextrose 3.1%
fructose 0.2% i sonaal tose 0.0% nmal t ose 5.9% sorbi tol
3. 0% panose 5.6% | inear higher saccharides 9.5%

Wdé%%/d ¢Begr higher saccharides 72. 7% Exanpl epdglys2007/060961
yst Di gestion Assay The product materials

from Exanples 7, 8 and 10, were tested for
digestibility using an Engl yst assay. About 600 ng of
carbohydrate d.s.b. was a gied to 20 nth of 0.1 M

0 b f f.e
enzgé? Ig‘r%ﬁ t% aﬁg%&g{i i uch 0118 g¥fﬁle¥1§f§t gof-déﬁgg E]geég]l%n S0k @Hgoﬁler
syruph thiah ementgiumamyiadeed t o 37 C. Then 5 nth of enzynme

28 %11::[ m% swa%rtaqdqge c%née P tﬁa?s&t m%%&{ﬂ% ’g?,ﬂ%;ﬁc‘ﬁ@% rm(‘:mi’nmercm]

clumamplhes nweb@resmnmble @rahe rbmﬁlpnzmow Hrtbe operimagpts rypsted here
is i fall Fhat 1IE rlkga%) Y:lt%lg 8&1 ortl h!lfe (ﬁﬁ%e§m‘ﬁ§5ﬁref fob ta&[v@fg f8NBbth

maasured using a dextrose t est from
Spit¥Sine| and. Deectrmn@Eton’eﬁ 694 é"f&t rthenra{esqfwmmmeﬁ revarsioR MERRHCTS

1ncr'éa%esb\$he¥1%n¥ e @Etlﬂcpéa d %1?‘60%'0 e eﬁtnﬁ% ®Sné 11 show the rate of

npari so e results of the di st|b|I|t assa
fon:eﬂmdn f Swonehieseiadé napdingss iolizemes sh P g‘ﬁﬁFfe@MDP a8 @

fun%n rmltén% LIy 'Sﬁmkﬁﬁtl gleledidzkRP| endsbfifate syrup was Staley

onparison. All percentages in Table 14 are on a
130@.HQ£1B16 ammt@qumtl@fi“éﬁ Ggorvdpi dl y di gestible %
slowy digestible %resistant % non-1|inear higbers

(by HPAE
Example)tS Acid-catalyzed restructuring of corn syrup to form non-linear oligomers.

Staley 1300 syrup was diluted 1:4 with deionized water to facilitate pH
deterninations. The amount of acid (HC1 or H,SO4) to drop syrup pH to the pH target was
determined. Tn one experiment, 10% Krystar crystalline fructose was added to the syrup prior
to acid treatment.

Staley 1300 syrup was heated to approximately 60°C in 50 ml screw-cap centrifuge
tubes in a shaking water bath. The pre—determinecf amount of acid needed io 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 nentralized
by adding a causiic 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 measurement.
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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Exanple 7 4.2 10.2 85.6 59.1 Exanple 8 5.2 10.0 84.8
' 73.3 Exanple 10 24.8 5.5 69.8 54.9 10 DE mal todextrin
89.7 3.4 7.0 13.7 20("H ghers" in Table 14 refers to

wodobdREBhLSs having a degree of polynerizati onp@fuéRbARess1
of nore.) There was an excellent correlation FRZ =

0.95) between the percentage of non-linear highers in
the material and the percggt age of the material that
was resistant. to digestion” 41 5980 grans (d.s.b.)

of le 7 (Enzyme Reversion -, H gh Sugar S. .

a8 L ot et onns Cobbdh SR P SR pufurc
acid, einpeat The peipodion fof 1iNeatt glighderg rdasrsased, anil trohdineae i aigomers
me2nd, 1.2 grams of sucralose were added with stirring.
#&h, yell ow col or and |enmon flavor were added and

t h&igutei2uompavasthp chungd i fitger damisyiomon Sasy 3esyhmrodused by
w0 SR RO AP SPTRSH ffro
progedniffadnitzx afptieyn® ¢EpcayybsRevenwesotinear lobigrBugarly woaidly,
B N e
andi gretterndroyst & heppersinzatidhe d2%enofptotal isogres Wi ith el apiye of
AT ISl S A o
of th& dextrygggeiconverted to non-linear oligomers. The concentration of non-linear DP3
and. higher (DP3+) increases over about 30 hours (under the conditions of this enzyme
treatment).

In contrast, on contact with acid, linéar oligomers are consumed and non-linear
oligomers formed at comparable rates. Dexirose concentration increases very slowly over the
course of the ireatment.

In a parallel experiment, 10% dry fructose was added to Staley 1300 syrup, so that the
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 Sialey 1300 syrup
developed color over the course of the treatment, the ﬁ'uctose—containmg syrup turned coffee-
colored almost immediately. 1C analysis of samples pulled from it showed the rate of linear
oligomers reduction, and non-linear oligomers generation, comparable 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 HC]. Each pH treatment was run at temperatures of 70°C and
80°C. All synips 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 msoluble components formed.

As Figure 13 illustrates, the product of acid—tréated 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. Also, thé 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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900 grans of mlk (2% fat) was added to a pot on a

stove. Next 80 grans (d.s.b.) of Exanple 10 (Acid

Reversion - Mderately Resistant) was added with
wblde$hdsE@. Then the 20 m xture was heat ed topariefgsdcoel

tenperature of 150F. As the mixture was heating, 20

grans of Rezista 682 starch was added in portions

with mxing. After the mxf;ure reached an interna

tenperature of 150F, it was held for five mnutes,

el g e 41 24800 S 51 898 00RO G O0RSRN o

the mgam EigureH ehpvistrechrrimeragraphigargcecad e ecdd-reptadorup rgolved by this
coh!mgtpcgcl (%aﬁg smv;shfoﬁlcfdnﬁﬁnéiﬁﬁﬂr&e @ﬂ*b BULESR.- thz-lma@ute separately from

I ncubati on 25was allowed to continue until the_ yogurt
maltesedirarpligseppriitriose 3nd priere- i (Thepa dowr el ejugrhedire éﬂab?ﬁe It also

sholw® 2 AERRY BB chYor ERIRARES HldherldlR ok OW Ng gener al
procedures were used to prepare sanpl es of

di JebleTdnlopabpwt ehapgestn warHIsFRupRsoNCR R B thsiew JrerpH.

h1gﬁé?-@enﬂ{eﬁa§§@ﬁeakd%ﬁ%nﬁﬂ he PR200NS1uRRE PEHAst &husRf inSRIWBbIE Shbws
sugar Sal’rp nanoffitration was run to less than 1%

ﬂwa@ﬁwﬁs%% ‘Wﬁ%ﬁ%%bﬁ caksopndds pd drchideelg ity HE* dener a
procedures below. Sanple 1 - digoner Syrup from HFCS
Raffinate 1. Transfer m xed raffinate from high
fructose corn syrup (HFCS) process to 35filtration
unit and concentrate volunme by 10x to 30x with Desa
- UFA nenbrane. Note: this step is optional, depending
on the final DP2 target. 42 52. Switch filtration
menbrane to nanofiltration (Desal NF3840C 30D "DL").
Add fresh diafiltration water at a rate to nmaintain
perneate flux in the range of 2 to 10 LMH. Conti nue
until retentate contains |ess than 5% dextrose
(d.s.b.) by conbination of Karl Fisher and YSI
dextrose analysis 3. Collect retentate product and
add 1% activated carbon on a dry solids basis.
10Refrigerate. 4. Renove carbon by filtration and
evaporate filtrate to >70% ds. Sanple 2 - A i goner
Syrup from Dextrose Geens 1. Transfer diluted
dextrose greens (at 20-30%ds) to filtration unit and
concentrate 15volune by 10x to 30x with Desal UF-1
menbrane. Note: this step is optional, depending on
the final DP2 target. 2.Switch filtration nmenbrane to
nanofiltration (Desal NF3840C 30D "DL"). Add fresh
diafiltration water at a rate to nmaintain perneate
flux in the range of 2 to 10 LMH. Continue until
retentate contains |less than 5% dextrose (d.s.b.) by
conbi nation of Karl Fisher 20and YSI dextrose
analysis. 3.Collect retentate product and add 1%
activated carbon on a dry solids basis. Refrigerate.
4. Renove carbon by filtration and evaporate filtrate
to >70% ds. Sanple 3 - Enzymatic Reversion

- of STALEY() 1300 Com Syrup to form >25% non- 25l i near
ol i goners of dextrose 1. Punp 35 gal Staley
1300 syrup and 5 gal water to tank. Start agitator
and begi n heati ng. 2. Heat syrup to 60C and
confirmthat tenperature has stabilized at 60C +1-5C
3. Add 1.6 gal (6.1 liter) Spirizyme Plus FG enzyne
to the syrup. 304. Hold at 60C +/- 5C for 24 hr. 5. At
the end of the 60C124 hr hold, heat syrup to 85-90C.
Once syrup tenperature has stabilized above 85C, hold
for 20 mMmm
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6. Turn of f heat to tank. 7. Dilute syrup from70%to
20% sol ids by adding 100 gal water (140 gal total).
358. Transfer to filtration unit and concentrate
10x to 30x with Desal UF- 1 nenbr
W‘Z@"&@vﬁ% filttrati on menbrane to nanofilt ra?Eg’HSNﬁ%%O%I
(Desal NF3840C 30D "DL"). Add fresh diafiltration
water at a rate to maintain perneate flux in the
range of 2 to 10 LMH Conti*hue until retentate
contains | ess than 196dextro e (d.s.b.) by
conbi nati on of Karl FishéfP!l8Ad YSI dextrose anal ysis:
10. Cold¢ ect nretentate product anduaté:sh@sacti vat ed
. carboneron atingr y sa@blprds basics. 10Refr i gerrat € NLDP23?
"11. Renobve carbon by filtration and evaporate
fil'erat’B to ©70% &8t SanplZ@ 4 - ABid- caf%]yzed 0
red€rudfuri of TH{%e & LjVe SVEETOSE(r§8 4300 ¢&drn
Syrﬁp 1. Puf gﬁ' SVE OSE egﬁsoo syt up to? ank.
qrt qgltat roan egln atlng 80 80G . Add
g b 37% ydroc orlc aC|d to the syrup sIomAy and
MAﬁh gged agjtati Rl cal cubated b givesd. 25% HCL dry
sohids 70n syr up dkwiteSOl i dsszi N t hegreact yxn, baged on
assanptoon that 43@0 syrupmsdensity is 1lds9 | b/ gal).
2032 HeEPd at480% dsa +/ - 5% Renove a redagti on sanple
evé2y t/Oo hdeirs afdfesdi | ut 8Swi t h @h equal-3 wei ght2lof D
wat er. Run Karl Fischer on diluted sanple. If Iess
thafl 4d% ds Ho not'fifng. Iﬁzgreaté? t han40% ds, ) add 4
b, B teré‘or e\‘?’EFey 100£b of thiti al ?eactl%
copten f o, ever % ds er 40% ds. iy
qhengs fog, every 1% ds oy b 4.2
addgti gp to4§he aQeye sanpkes fopgKarl _,grscher,20
col l ect sanples to be used for 25nonitoring the
praogress of d he reaeti on. 2Renovezthese af the o
fohkowsng i ntervaltanfol | owng acikel additd on: 24br, 4
hr128 B¢, artd 16 htea Afterd2each 8anpling, novessé
quit€kl ¥t o adlj useffeetisopH &f t he Sanple &y addi 1§ an
eqltdl ®ei ght's of cofe8gBINaO¥3sol ut BdHn, Mm% wel |, 2and
neasure pH. Adjust sanple pH as needed to bring to
5.0-6.5. 5. At the end of the 80C/ 16 hr hold,
di $&ampleAodnreng Revgrsionddligh 8835 causti ¢ 30sol uti on,
s pr%xé;![h@ely\’si Eal%@ Qg D%Qéo&@%;lr&}ﬁat%%‘ dry I@J;l'idh %séﬁeﬁl?idé) With an

teranlg U|onvvaer
addiieps] a2 Qféiem@a%vv%tewmlo“%wﬂa@d tﬂoqnf@éwadél@m%m@fte@mﬁm

of @S- About 1.6 gal of Spi @Plu!z @Gfénk)trﬁ@\t\résoﬁdéﬂuotth@%%p slowly and
_concentrate vol une 10x to 30x with Desal

with gapdragintion NAfter 24 h‘i"%s &0 ithe PR v dratediiogird prghehfor 20

mintR€ Thd@huplF2 tha @Rted from 70% 1820980kt ©hdd éclnt:é'nﬁ"ﬁtﬁdi\rby adding
mepbrane _to nanofiltration (Desal NF3840C 30D %
100480 vas" TheeRpraPRfirt Pratibsriodat smotirston using & Besal NE3B40C
30D"EdnBfildkfbnRAFABRL £ abbudX$00 Psit HPrdsang endodt azteﬂhﬁerat&e Ld¥Hs-60°C.
refentate contains | ess _than 5%

nue unti l
Fresgoeiﬁ#%aé n pgtes WS 4464 [oBRBR e e kA e Tieg b o HYLMEL
Filtrbn c&em:tnﬁas emnfin ke $éténtate AdbnfaBeCabds ethbn I8t eda;&a@se (d s. b) by

roduct . an 1% iivat ed c rbon.o
conpugia biBR rfir i IS0 Rt e, L PR SrPe wes
trea@d vitViap actated Lirtbdd ad @ di0schdOBAsHS Next, the carbon waSashved by

- S i C an h] oric Acid-catal yzed

i ich b B¢ DG B SRRRASE( 1) 4300 Corn Syt up
1. Punp 35 gal SWEETOSE 0 4300 syrup to tank. Start
agi tator and begin heating to 80C. 2. Add
-0.35 I b 75% phosphoric acid to the syrup slowy and
with good agitation. Then add 0.10 I b 37%
hydrochloric acid to the syrup sIomAy and wi th good
agi tation
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15(cal cul ated to give 0.08% H3PO4 and 100 ppm HCl dry

solids on syrup dry solids in the reaction, based on

assunption that 4300 syrup density is 11.9 |b/gal).

,at 80%ds +/- 5% Renpbve a reactiong

W(;’zoo%gz hours and dilute with an equal \NEI%%?PJ&EWOBP%I

wat er. Run Karl Fischer on diluted sanple. If |less

than 40% ds, do nothing. If greater than 40% ds, add

4 |b DI water for every 100 b of initial reaction

conten 20f or .ever % s ove 40% d

addt PG BTS00 TS ol Ot ey Prforshdy, FeakaD
chr@rﬁitb@@ﬁy,&aﬂmeesumsmrbﬂlowsedTébﬁHS nmoni toring the

progress of the reaction. Renobve these at the

followng intervals follow ng acid addition: 2 hr, 4

hr, 8 hr, and 16 hr. Aft &abledch sarrpl | ng, move

qui ckly te—atitst t.ﬂg pH-of—the W%Jdéjbuy addi ng an
equal wel-ght St Y- NaOH-s ottt UL wel |, and
nmeasure R5pH: A%?@%%S? sanpl ¢—ptas 'f?ud"d to—ring to
5. 0- 6. 5. _TECOSA: +he—end—of tz.ﬁ:f’ocns hr hol d,
di scont i pue—heSPPHIS Add613506 caugaé[’c sottt on,

sl owl y apd—wit hm%,, 8Y-—agitati-en—unt "30°pH s—sqable in
the range—of 40gloiigge 6 Add Bl uti-on wat er

i f neede;l_t_o_r_-é%pf\?ﬁe a—final—sugar EdBeentration of
30% d. s, | lnear bigher sacchorideg, hnor oy ¢ &I\ 4 e aeian uni t
and concent r A0UnGH RN py i Ox to égin’)ﬂ‘/vith sal UF301
menbr anel —Not e83c3hafides ot oy i{s gpti onal—dependi ng on
theflnal DP2 target. 8. S\Mtchflltratlon

THBEDRaMErdee” A HRAbbdcl titdd medhs ocResdts B384 O€ 0Bk oPEb)e.)
Add fresh diafiltration water at a rate to mai ntain

pernmeate flux in the range of 2 to 10 LMH Conti nue
unt Qambl@ eﬂﬂaﬂ}nﬁ: eRB&iah RS .olvesgart han 5% dext r ose

R RN CA

add&tdiﬁaﬂé%gaaﬁﬁ delbﬁiz&ﬁwﬁ)tarr V@sleely agitifed is0tahklsndimsted to a temperature

of &/ér I(ﬁ%gllt (fe fgziﬂl? gplgl%nrgf\:/ El}l@%&b on.2 fasl. !l&dré(? %0' g %yal‘rllg stowly and

witl @9&&85(&139 ROEL 05 ROGY A0BOO0Ghe sk,&u;ﬁam)ﬁeeteﬁ to- 85°C and held for 20

atal yzed.re Luri o ; o . .
mlrgl%&L'E"%i %g&ﬂl&?@}uﬂ% i 7?‘% tg OI&%}Z soglgg c%ﬁ‘e%tbyoaddmg
100180 @z rThe stgar bendion v8is antjecagli to attnaﬁltlam ua‘exgiarDeh@ ath-hgg40C

102.. .Add % Ld t N&e
SOIéy}trszlQ %& 100 \Afartnd%e at a.%?lﬁ ZJOB g (/ gd}%(sgl::ir? %ﬁd fégngﬁlgftaree d&t %S% C.
Freg;l daeﬁlﬁat%%ahd@iva:d added o mdstamesgﬁauﬁlud myths odnigel of 10nto 2R & MH.

actl Q a h 018y e
F11tr 10]1 100691“% 1?11%;1 tﬂg gt'\i:gr#tgpgdn% gi % ?_1‘%9 gﬁ/o Héég‘ﬁ%\/ 2@%)’ by
comiamtrbn of Keelnfisher ewk VPl Zettrge @%ﬁﬁ% difkeypleaifliratipogggicntate was
f e I [
e o Ol Ao S g Sy S R by
ﬁlmhwﬂ@%fd@atad@pmtb%mm 4kmder for every 100 I b of -
' n' A' ?hraﬁ@ec Lh QR C QU gt %n&%m@ﬂ&f Wasl PSRy Eby 4@1%1E-PAD
n addition to the above sanples for Karl
Chrﬁlmstcgfeli’h}’, wdltheceplisgpphay ind2edused for nonitoring
the progress of the reactjgRy Renove these at the
followng intervals followng acid addition: 2 hr, 4
hr, 8 hr | _and €empgnentaft ey each Wwﬁﬂ#hn nmovle
20qui ckl y_t o adfax§pset he pHlof the d&¥ml e by addi ng an
‘equal weilght of fractgRo% NaOH |sol ut le/fm x_wel I\, and
measure pH.__Adjiseseltesanpl e gH as neéd@&d ta briing to
5.0-6.5. 5. At .the end of the 80C/ 16 hr hol d,
di sconti nue heating. Add 0.35% caustic sol ution,
slowy and with good agitation until pHis 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. 257. Transfer to filtration skid and concentrate
vol une by 10x to 30x with Desal UF-1 nenbrane. Note:
this step is optional, depending on the final DP2
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46 S5Exanple 17 A breakfast cereal conprising an

ol i gosacchari de conposition according to the 10 15

The extruded portion is prepared using the follow ng

xsobni formy m x ingredi ents together igpcgus2007/060961

“]n1§g§§%%gnder. Feed the dry blend and water to

achi eve target extrusion noisture. Use typica

extrusion and drying condl%lons Cool and package. 20

The coating conp03|t|on is a 75% solids solution of

50%.sugaf-; JU/u.ﬁf.alaul cprn byluyyyll 'SPy epar ed
usi ng the_%ﬁ++ﬁwzﬁ stepsPta SPhAY_gun !
convect i A ové%:§£§?%OF to prchca 44§;|9H ou

appr oxi nptely—386 ofi—cereat—ant-place—tntoi t unbl er
that has|HEeH lghersiccharder T ¢ 1 o QJabcu rel ease
agent. B endn9ﬂ@mﬁﬁgﬁﬁhgrej| ents ( 3% t ot al iry
sol i ds) tnaketPPRS, ot or and—rix—Heat—the syrup

to approximtely 230F (rapid boil). Wight out 25 the
de Sixsiasle anﬁ&ahmq&waﬁbmpHm@sﬁgdmb@ gi ve the correct

ratj o of oatin ve the a
rab#%s$ﬂ%% E?WBﬁgﬁymﬁgl $ﬁcoa$]ﬁﬁwﬁmi¥ﬁg£?£&ﬁ%%q384K:
SomﬁltrtaM&atﬁmrceﬁha ge dP@bisut D@ psyof ppessund andt He tpmperiteatod d5-60°C.

attach the air

B gl SRR, MIE D 0k ALY pn

NFigﬂtGC GéDaahofiltndtioh calridgoht 4boet Wrmpoﬂm&swe end zppikiopdature of
d ampunt
55- Og‘t E&:dlgém 1arfxt1(%n wz% ed?e%%é ﬁo t?hr?‘ Qalté ﬁ'l%( m‘fﬁlel eroef é2 to
10 mﬂutfelsmmcm dontnned uwtil tm:vrewm@tga:pntmged %u]ilant??(ed%a‘teéé s.b.) by
CO]]l(E)ll’ IOIl Of) %&1‘1 %q}hgr g]’fcp ?B H%ﬁ%&eg{ P‘SQ atTﬂ%%ﬂ&ﬁ&iﬁlOﬁ Q‘E‘[@lyigtg was
ease agen eal in convection oven

trem xﬁﬂﬂ%f@va@dmaﬂm e esirso polighbitsis. chigxgdhe easpsaaras refpgred by
ﬁltr%dn ﬂf(lla ff%f@:;{? %J%&MQJHO ybng to prevent cereal from

e pan and clunping of the cereal. After
dr i mgcchamdeown@mseaxf the Gesd| PRGHCt f Vase PRTGTTEG DY AFRAGPAD
Chl'&ﬂ&!}% ﬁﬁy, }Et}es'ﬁnéearg Slo@@lin T4h1dRT €r m ne the percent
coat age cereal in 35plastic storage bag.
Exanple 18 47 5Yogurt conprising an oligosacchari de
conmposition according to the present invention was
prepared. The ingredients were: 2% m | k3614 Non fat
dry mlk (NFDM 133 10Resi stant corn syrup (Sanple
5) 200 Rezista 682 starch53 Total weight: 4000 g
The yogurt was prepared using the foll ow ng steps:
Di sperse dry ingredients into liquid ingredients
using a punp and funnel or liquefier. Preheat to
150F. Honobgeni ze at 15 15001500 psi using a two stage
honogeni zer. Pasteurize at 190F for 5 m nutes. Coo
to 90F and add culture. Culture to finished pH 4. 4.
Stir the product and begin to cool to stop active
culture growt h. Package and cool. Exanple 19 20A
yogurt drink conprising an oligosaccharide :
conposition according to the present invention was
prepared. The ingredients were: Skim M| k94.21 Wey
protein concentratel.2 25Resi stant corn syrup (Sanple
5)4.25 Stabilizer blend0.442 Sucral ose sol uti on0. 008
Tot al 100. 0
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The yogurt drink was prepared using the follow ng

st eps:

and funnel

wmﬁ%o
as

cul ture.

or liquefier.

Culture to finish

Cool
ed pH 4.4. Break,

Add dry.ingredients to 30 liquid using a punp
Preheat- t o 150F. Honogeni ze

a20,500 psi using a two stage honpgeni Zggsps2007/060961

eurize at 190F for 5 m nutes. to 90F and add

package

~and cool. Exanple 20 35A3grozen novel ty conpri sing
an ol i gosaechari de conposition according to the
qeared as descri bed bel ow.

present
The i ngr
1.20% M

i nvention can b
edients are: 4

aﬁfﬁqredients % Butte

r f at

k sol Gadspongmonf at

IVBNF) Wi %. &89 Sucr

DS €

10. 70% ResI st andext@®EN Syru

Protein
0.67%
Ibs 5
the foll
nonfat d
- nonfat (
sugar us
di sper si
t hor ough

D ( Sanpl 28%) 6. 70%

Whey

34 2. 00frackRgt ydextr

hse 4. 1086%t-abiliz

br Bl end

Tot al Soemlds: 37. 12

o Wi ght7oger Gal l o

N 9. 63

Themélif®ezen nov

el ty cams.98 prepar g

>d usi ng

DW Ng &éle@sose St and

ar di ze co.eam mlk

and

'y m T Kpidsdesired

butt erf@twand m |

K-sol i ds,

Wedr Hi@¥BJacchidds t

he st abidgozer to ||

qui d

Ng WhslimeaAhenadl ta
pn. Bl gadaidel kK and

fon toensure pro

Der
ons

liquid sugar porti

y Th batch tank.

ncorporate mlk fat solids

portion with 10 m x and use |low.agitation to mnimze

Expmpla A0 opgid ReFersipsYedipislg RSB £ for 30 seconds

ai r
ar AdaexBeidiy 8k @at off 13TBEAREN bREPer 80%Ide; sdtasmogaey 2800) was

o e RS e S G 1 8048 o

acid RERAE 14 le)s)rup GRAILy AdXvithozodd-agifhiibn. it réwotich armantained at
app&xgl?ag#}? é@@}odgyo gorlid? gcl)'lnrcgntiat%n, %9 Irllggshre{i%%{aﬁl lgpc‘ixeraagllal?gs {h‘?ough
periodic additions of water. After 24 hours, heating was discontinued and approximately 35
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 ultrafiltration cartridge at
about 400 psi of pressure and at a temperature of 55-60C. 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 5% dextrose (d.s.b.) by combination of Karl Fisher and YSI
dextrose analysis. The ultrafiltration retentate was treated with 2% activated carbon on a dry
solids basis. Next, the carbon was removed by filtration and the filtrate evaporated ic 71.5%
ds. ‘

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

chromatography, and the results are shown in Table 11.
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Exanpl e 21 an ofi gosacchari de conposition according
to the A sugarl ess ice cream conprising present
i nvention was prepared. The ingredients were:

gt 7 - 12%MIlk Solids Non-fat 10 -
02}6&%/@ ant corn syrup (Sanple 5) 12-15% nal t%%@%zp?’?{]ﬂswm
3-5% sucral ose 0.0085% - 0.012% vitanin A pal mtate
0.009% Stabilizer blend g 40 - 0.50% The
sugarl ess-ice creamwas p épared usi ng the follow ng
steps: Stabilizer blend, 3 rlal ose, vitamn A and
mal t odextrin are m xed ﬂ? 'éﬁl m m | kK under shear.
Resi stant cor ricayotgnti S added t oWt ¥ad.gh. xt ur e| under
shear. Oream (huskd®efat) i 5 then aglthed slowy to
avoi d 49 5churfiicage and aefation. (ltg ice creamis
t hen pasfeuri zgsmanre honogeni zed at.6%75F for {30
seconds, | 2500 pmklode St age, | respectisgly. Theimix is
refrigerpted ovgtonigght (35t 40F) angzt,hen processed to
a frozenState paleg a confinuous fgwezing system
Exanpl e PZinedimeSRAMREERYS | CONPr i Sk/g an '

ol i gosacgchar hggmgfgmgﬂ tion accorgdulg, to the|present
i nvention wer e phemesed. The ingredients were

prepared in threé separate parts. Part A CGelatin 250

Bl oon22. 5 15Col d Water44.5
Example 11 - Acid Reversion followed by Hydrogenatlon

Approximaiely 35 gal of 63 DE com syrup at 80% dry solids (SWEETOSE® 4300)
was slowly agitated in a tank. Then 37% hydrochloric acid was added slowly with good

agitation to give 0.25% (w/w) HCI 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
solids concentration, as measured by Karl Fischer analysis through periedic 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 LML
Ultrafiltration continued until the retentate contained less than 10% dextrose (d.s.b.) by
combination of Karl Fisher and YSI dexirose analysis. The ultrafiltration retentate was
subjected 1o nanofiliration 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 until the retentate
contained less than 1% 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 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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15

Part B Resistant com syrup (Sanmple 5, 71% 337.5 Part

C Hystar Maltitol Syrup585.5 20Tot al 990g The

mar shmal | ows were prepared using the foll ow ng steps:

' edients in Part A (gelatin into wat
derogwsg%gr esistant corn syrup to 135F. Heat fréaiifg?zto%]lmwm

syrup to 200F. Conbine Parts B and C and cool to

145F. Melt Part Ain m croyave for 30 seconds to

di ssol ve gelatin. Add Part"A to other parts and whip

m xture H—t—h—aé—w—ke—vm:s,k- r—-a—Hobari—25mxer until a
0.5 densjty—i-s é ORI FiH nar@i.%“is‘{bov\/ At pastry
bags andl-depesitXIBEe—starth—relds: 04{,;'f_><'.9lrrpl e—3
A hard Ca_lnrl\/ hmqsgi na_aniaoliaos C»\]n v oA

. rory be&ﬁél‘i: g AT UT T yuUo ] /I;U.I T UtCT .
conposi t lon-acEUNy-t o t he—pr esent AveRti-on was
preparethe_i_‘Bgli-?éﬁi ents—ere: Sucmbf’ 42 0—Resi st ant
Corn Syr] ity 43 7! vater 14% Tot-a—100.0 50
5The hard _candy M&%r bd usingie follofi ng
steps: M dnggrdughensaechpades st ant codAb&rup with water.
Heat to fa. »gdEcdihigicBosch cooker’>: vacuupm for two
m nutes to.129¢shaiMes citric aci-d (18 g for 8 kg

product), and flavor. Deposit or formthe sweets.

Ex iRl jfoddé wal QfmeeublettR @l infe it fe B8 o &tif1Y. Abbut 1.5 kg
o%&gosaccharlde conposition according to the present
e

of 4 fitferdsi enlutinast Sheepaerl despried MRl P vrp dnigpdpced mio a pressure
reac 0@l 325 ZrdBRSIr SLARKheGRMMHNSHUFYIR citBRTRte alded AWiH)sBAInG to give
15Water12.3 Cel atin6. 6 V,\atgrrhg.s TotaIJIOOO -

0.05% ruthenium (w/w) on syrup dry solids. The reactor was ¢ osed, purged with nitrogen
gas, and then pressurized with hydrogen gas to a pressure of 600 psi. The reactor was then
heated to 120°C. This temperature and a hydrogen pressure of 600-650 psi was maintained
for four hours. The reaction vessel was cooled, carefully vented and purged with nitrogen.
The reaction product was then filtered through diatomaceous earth to give a clear colorless
solution.

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

performed by HPAE-PAD chromatogi‘aphy, and the results are shown in Table 13.
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The gelatin jelly candy was prepared using the
follow ng steps: Mx gelatin and water 20 and keep at
70C. M x sugar, resistant corn syrup, and water. Heat
: ' l'ids reach 89% (approxi mately 120 G h7/860961
wdBhdbsssB s e gel atin solution. Add 20y ey
sol ution 50% (18g/1000g), and flavor and color to
suit. Deposit in nolding s4barch and dry at anbi ent
conditions to a weight percentage of dry solids (ds)
of 81 - 82 % 25Exanpl e 2R 13 A jam conprising an
ol i gosacchari de conposition according to the present
i nventi oh was Qumgpated. The | ngredlehtils were
VWat er 36. b 30Aprdegmdss 32. 8 Resi st ant3.£rn syrup (Sanple
5, 719 15.5 Malfetiextri nl0|2 Pecti®2%l ow net hoxy)4.58
Xant han unD. 1Qom&kd ri ¢ ACi d0. 15 ®er al ose0) 06
Pot assi um Sor bahsithsd0 51 bCal ci uns. @kl ori de0j01
Tot al 100; 0 The jomsnovas prepared usiong the foll ow ng
steps: M x dry pagsed ents! Add drys¥%ngredi ents to
l'iqui d i hgmegditaihbsSsaddharides Ul t . Heatosm 220F. Put into
cont ai nef's apghimeshighdOEXampl e 26 72.7% A sweet ened
chil dren| s bev@éageieconpri $i ng an ol i gosacchari de
conposition according to the present 1 nvention was
prepared. The in}sredj ents were: Water86.35 15Citric
Aci%%—. lg 125 gl PRSP &% 0. 10 Resi stant corn syrup
( Samp lpediet mhRerid0rba Braepleer, § #4010, M)t&teliGor digestibility using

o GG ADPALS AR PP Bl Qi PRE YR M sodium

acelARtHRfeiUS ia AGt @béN Kerconte@tvedrmiRéd 4nd tHeB BEated torxbalit &2 &C Yor 30

_hot fill into_ hat | bottles i ter bath
ming dsgreonpdariare The e EPaRE s YTV el Bl B 3k and

it waeyEnhidey CIRRPE ish Hateabaiohti 3§06 aSahh kingdescanpesiotédom both 20
mirt 53906 b9 1R Pl A i 4l G APeV e A ERE b 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 i included in

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

Table 14
material % rapidly % slowly % resistant % non-linear bighers
digestible digestible {by HPAE)
Example 7 42 102 85.6 59.1
Example 8 52 10.0 848 733
Example 10 248 5.5 69.8 54.9
10 DE maltodextrin 89.7 3.4 7.0 137

{(“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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The ingredients were: - 52 Ingredient Potassium
citrate 0.0200 Acid (citric, malic) 0.2000 RCS
(Sanple 5, 71%ds) 1.8750 0.015 High intensity

Woéog\@%%%ers (suc_r al ose, Ace-K) 5% C arifi et dats26bb/060961
nc., 60.56 Brix 1.0177 Red #40 0.0009 Yell ow #5 '

0.0044 Orange flavor 0.1218 Filtered water 96.7452
100 The orange | ui cg soda was prepared using
the follow ng steps: Dry Ilend the potassiumcitrate,

acigqs resj stant. cor u I ghy At {
swetl EAEs gdssbﬁﬂ g]%‘af)npfa%né@rﬁzﬁ%g&%gnmg e n?%ggtsggﬁké% a:#?éclleod e
pot ¥l dookwd#h 2 sovanga itamwicempardure vé W B ntest.rGrarankreof citric acid
revious. step into ter. i

and S S€, Wer 24418 W Cafhgﬁ’, h&w LQotEd 1ERSh flavor

581%?‘?35 %t:f OO 2Ty Exan‘pﬁ%n% ® A savory high
wers adided and | rhingrecemppdusidrigtoamand| ingiddsac Etvaiardjeandy was ormed

cor(r)ﬁx_osj[ tion accarding to the present invention was
PO EpaT é)&f’&ﬁ'ﬁe%l 'ngredi ents were: |ngredients

Example 14 - Jelly Candy, Grape Flavored
840 grams of Example 8 (Enzyme Reversion — Low Sugar) was added to a mixing

bowl. Purple color and grape flavor was added to taste. Next, 160 grams of MiraThik 468
instant starch was added in portions with moderately vigorous mixing. The jelly candy was

formed after cooling to room temperature over 20 minutes.

Example 15 - Yogurt

-900 grams of milk (2% fat) was added to a pot on a stove. Next 80 grams (d.s.b.y of
Example 10 (Acid Reversion — Moderately Resistant) was added with stirring. Then the
mixture was heated to a 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 to

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 tun to 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 10
filtration unit and concentrate volume by 10x to 30x with Desal UF-1 membrane. Nofe: this

step is optional, depending on the final DP2 target.
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Amount (g) Tate and Lyle texturizing blendl 18.6
Canola G| 34 Cheese Flavors 28 Resistant corn syrup
solids (Sanple 5) 17 Salt 1.3 Sal apeno Flavors 0.75

W Lﬁ&z{isg 2@ci d 0.2 Gtric Acid 0.15 TOTAL 100 J5B&hehdRbos
00 ‘

st'arch nodi fi ed, wheat protein, and
mal t odextrin. I ngredi ents were incorporated
into the product mxture in the follow ng order: (1)
Canola oil, (2) Flavors, Crtric Acid, Lactic Acid and

Salt, (3).resistant corn syr . a I

Tekt ur%?ch é‘%@t‘@ﬁ aa_emb@ge ® néiﬁ_ﬁ?tgng]gesglﬂli3£%§3ﬂ? Sﬁ%l‘i’)ﬁ Kad
frosB @laifittBitifn Whter ftid faicnig rempin ipsinRgtcauxdh itlgosagodidr fodd LMH.

conposjtion accarding to,the present. inventi.on .
CongRipP et 2or ot tin 2 BB 50ng P GEe 8 riter
and ¥50 QexdofeGBYsiM r at hi k 603 (food- nodified starch)6

Parﬁi? BC(r)IFe%tI rse%e%tg e p%c? ult 204 a8 1% activated carbon on 2 dry solids basis.
Refiigerate.

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

Sample 2 - Oligomer Syrup from Dextrose Greens
1.  Transfer diluted dextrose greens (at 20-30% ds) 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. |
- 2. - Switch filtration merbrane to nanofiliration {Desal NF3840C 30D “DL”). Add

fresh diafiliration water at a ratc 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 Kail Fisher

and YSI dextrose analysis. ‘

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 Reversion of STALEY® 1300 Corn Syrup to form >25% non- .
linear oligomers of dexirose |

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 83-90°C. Once syrup
temperature has stabilized above 85°C, hold for 20 poin.

6. Turn off heat to tank. 4

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

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

1 membrane,
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(Sanpl e 6)70.88 water1.55 nat. and art. rasp. flavor
256639 (tastenaker)0.3 Part Cnmalic acidO0.1 citric
aci do.1 red color 09310 (W)O0.06 blue col or 09918
100 The jam was prepared usj ®7/060961
Wé%ﬁ’%\?\n&%g steps: Place Part A | SOSVEET(r) 51'5%%U§|22 a
Hobart m xer. Slowy add Mrathik 603 while m xi ng
for 1.5 mnutes. Add Part resi stant corn syrup,

flavor, and water. Bl end ljlti| uniform (1 mnute).

Al l ow [ o t for about thr 5 kb af r

pedoneS iitetonreRRai it PR PGPS b s Bl £aa
fresh Rigafittaxibnl weter B etk ontadibtaiy pefrogatm fiual lhdw fangd ¢irgtot W LMH.

et 24 hours to achi foi | IS [ : ioh

CO]%“%%‘@J@I% ’éegamtr:a%efg Gl %%S%% ls}f' %‘J@m\g%e @IQI%&E)% acchari Jélgfé&l Fisher
andC#Tdesiotd apalysiccor di ng to the 20present invention was

prggar ' & : rfBoP 42 L@ Bhsis.

o syt S BEbRREIE s ogflogichbon 62 T s Bl
Ref@&Guier al ose0. 001 Sodi um bi carbonate0. 70 Salt0.50 5

Thg, sh i b6 (Sid@ b5 dt.ol | owi ng

st gpl)'s: ﬁ%lfllg‘%cfg{?gﬁb}ﬁﬁlttl aﬁgpg?%gr edi erﬁts are wetted and

dough is pliable. Sheet dough to 1.1 nmm Cut pi eces.

Bakg bl 4L0G0RVeGeEL AN QN eRhd BIVTERR) 13k sIRiTdSHD i3oeec

m ﬁrtnglgill gﬂ%mgfy%éi& ic%}ﬁZOTh"e expandeg1 extruded snack o
Syrmas prepared using the follow ng steps: Mx dry

i ngredipgit S5 BESHEHDOSENG! £@baDhS b Nhdk. (it exlatod A8 begin

Extrude into proper shapes. Dry for 10 minutes to 1%
heafingto §A€d noi sture content. 25 30 ~ The tortilla

chips Wei & PiEPal Bflirdtaiond alil e hokirgyiinay SheRSh gddakgitaion

1:1 mxture of Tortilla Chip in flour and Corn. ChH)
(calggated dueive 38 0RO S 8Pde @Nf BFPoilfd SpidsuP &b FRaginga PEsed on

asstamptih XEE 43009¢tup 8skint @01.9 4Pgam. Syrup and mix on low for
one m nut e.

Nth the mixer still runnin onlﬁ)w Tt
spéed, ffgidm%esiaa/—rSO’m%ee@%Meaﬂﬂnéamﬁﬁs ery froybaup g e
with &n SJu81 Wiight BF B Wht@. RENK&] Bikdhet Hedivaddeimpls 1blddeithn 40% ds do
i ncrease mxer s eeg ahg]% m x Eor th{%q rrii.n tes. .Cove
not@a&éﬁgrgqﬁg hap 0y , add 4- I water for every 100 b of inifial Téaction contenis

for every 1% ds over 40% ds.
4. Tnaddition to the above samples for Karl Fischer, collect samples to be used for

monitoring the progress of the 1'eaction.. Remove these at the following intervals following
acid addition: 2 hr, 4 br, 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
pH. Adjust sample pH as needed to bring to 5.0-6.5.

5. At the end of the 80°C/16 hr hold, disconiinue heating. Add 0.35% caustic
solution, slowly and with good agitation uniil 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 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 djafiltration water at a rate to maintain permeate flux in the range of 2 to 10 LMH.
Continue until retentate contains less than 5% dexirose (d.s.b.) by combination of Karl Fisher

and YSI dextrose analysis.
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55 for 30 minutes in a plastic beaker. Sheet.the _
dough using a Rondo sheeter, and gradually roll dough
to have about a 1 3 mmthickness (testing thickness

m croneter). Use the Rondo sheet erpegid
Wotc?éug'i’?J ll}gl ng the cutter by placing the doughP b foset

horizontally. Fry for approximtely 1:45 to 2 m nutes
(until chips appear goldeg_bromn and bubbl i ng was
aInDst ceased) in a fryer 6re heated to 375F Wil e

ch| h
ChIpS ggi?hﬁvm5%= %ﬁg?ﬁﬁF@y‘ a%ﬁ%wgﬁ ﬁ%rge d%z&g%?ﬁ%m
Reffﬁgedﬁa (t(cj) IheI p (ﬁven gat abfsor p]ttl on). Renpbve from
ryer an et.c rain.for ] h
0 &Rty bE Rty s ol SR 4Ry 1ot st
fﬁr si X n1nu}es Bag seal, and label the tortilla
chi C. t
2SCBTBE ¢ ca PRI 40 shiydrphigts, PRRIEAE, Rlrkbring o
SWEETOSE®4AXEham&wbmr conpri sing an ollgosaccharlde
conpos Ot
P 'ngq?% %P%%E‘i‘%skhcl@gzﬁ%o RUEH 3 ek S i LBRIPASY bogin

pr epar e rrsing a s fi ng
heagngriB0°Cand an extruded pi ece. 35The ingredients for

t hg hi & t i
sy ?u 0 %é ﬂZf % éhh%)ﬂ&nc%fcﬂo éf%é&ugﬁoﬁ%nééﬁ@tgﬁ@%}m on.
Therri addvE0 ;Hr éiférlydroahlplmg agifh o fib WP rilgwit apk with]geod raﬁltatlon

(calhtﬂgt%(?m ?@é 8. GS‘M@[%KISQ(I 1o8 8151 E‘?(‘iiyers&d@%q sdg d?pso%aﬁ irBthe

er at . Disso ve co etely. Add
rea@@n deted onmsempfaqﬁdhaﬁﬂwotsmpé@@ﬁw 1I12§f“P/E@er ate at | east

four habise sdms ﬁmﬁ 89:3%Remove 2 rédciRAGKpBRVer ﬂfﬁpﬁdu%' and dilute
an ol i gosacchari de conposition according to th

withypreesipitweight ef Rl voter v ko dpischaren il iampionty logs ﬁﬁrgfp% ds, do

notBiRd. TSedtdrilan 209 R Rit AK DOwBKF 1PeveANDO MofaNitifl Hel8Eon contents
pi ece. 35The |ngred|ents for the high solids filling

for esrel %o Baper M'RES| st ant corn syrup (Sanpl e 6)21.00

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 iniervals following
acid addition; 2 br, 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
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 0f 4.5-5.5.

6.  Add dilution 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-
I membrane. Note: tlﬁs 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 LMIL
Continue 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.
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WO 20081085529PCT/ 1152007/ 060961 56 t hi ck. Prebl endC
ingredients and add to m xture. Blend until uniform
(allow filling to part set 24 hours to achieve full

oos&@sihy- ). The ingredients for the bindi ngcpi§iefrmeost
wer e: 7.7 Resistant. corn syrup (Sanple 2)

dycerine 10.7 StaSlim 150 starch 13.3 Shortening 7.5
Salt 0.8 Total 100.0 57 5Total 100.0 The
extruded piece was prepared using the follow ng

steps: Uniformy mx ingredients together in a

m xer/ bl ender. Feed the dry blend and water to

acltemyle ¢ argetcaektz-cd sisowhmpisifurag, aldskylt phASEN® 1300 Com
extrusion and drying conditions. Cool and package.

Bi ndi ng syrup is mxed to coat extruded piece or

&t WempBarcel SWEBT@SR AL 300 xyrup & tesk. 18erh esitator 2t beizir hepdgng to
angsqut to appropriate size. Hgh solids filling
typircally woul d be added between the two sheets of

Bi rdidr-+20%il B¥altatiechona wikto teavpipesi@gy and with good agitation

e B L e B R ARTRR bRa on

Thessumgtieothedse syeipalensity irglddbepl-  wat er

3. Hold at 80% ds +/- 5%. Remove a reaction sample every 2 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 1b 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 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 adding an equal weight of 0.35% NaOH
solution, mix well, and measare pH. Adjust sample pIl 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. 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
diafiliration water at a rate to maintain permeate flux in the range of 2 to 10 LMIL
Continue 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 carben 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 sample number.
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40. 67 Purasnow cake flour 21.56 sorbitol 17.70 RCS

solids (Sample 5) 8.85 Mra-Thik 603 food starch

modi fied 1.00 Core MBO (mal todextrin, sucral ose) 0.25

WO%%S@G@ |SI fier 2.65 Provon 190 vvhey pr ot epdy SRl ®o1

S food starch - nodified 0.99 dry egg ]

“whites O 99 salt 0.79 Gv5 90 enul sifier 0.59 Baking

soda 0.56 Pan O Lite 0.45, gry vanilla 1011320 0. 40

- Di cal ci um phosphat e di hydrate 0. 34 ci nnanon 0. 29

SO%I um pr ,ppl onat e

A breakfast cereal comprising an oligosaccharide composition - according to the
present invention can be prepared as described below. The cereal comprises an extruded
portion and a coating placed on the extruded portion. The composition of the exiruded

portion can be as follows (by weight percent):

Corn Meal 54.80
Whole Wheat Flour 2519
Resistant Corn Syrup Solids (Sample 5) 13.51
‘Whole Oat Flour ’ 5.00
Vitamin blend 0.50
Salt 1.00
Total 100.0

The extruded portion is prepared using the following steps: Uniformly nix
ingredients together in a mixer/blender. Feed the d1y blend and water t6 achieve target
exirusion moisture. Use typical extrusion and drying conditions. Cool and package.

The coating composition is a 75% solids solution of 50% sugar, 50% resistant corn
syrup. Tt is prepared using the following steps: Place spray gun in convection oven at 250°F
to prehcat. Weigh out approximately 100 g of cereal and place into tumbler that has been
first coated with oil based release agent. Blend the dry ingredients (75% total dry soiids) in
kettle. Add water and mix. Heﬁt 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 cercal). 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 sik
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. After cooling, weigh the cereal to determine the percent coating. Package cereal in

plastic storage bag.

Example 18



10

15

20

25

30

35

0.21 nutnmeg 0.17 xanthan gum 0.12 Durafax 60
emul sifier 0.10 ground cloves 0.07 100 The spice
cake was prepared using the follow ng steps: Dry Mx

W gsc, é% 58 5Pl ace RCS, Mra-Thik 603, CG¢Rudifyososst
and sorbitol into m xer bow. Mlt EC 25 in mcrowave
taking care not to get it too hot. (Do not nelt GVS
90 or Durfax 60). Add EC-25, nmix 5 minutes on speed
1, scraping bow as needed. Add Durfax 60 while

e ettt R Sl SREG? o 0L AlaliRll B8 pRERES fenson

wask;ﬁeryareas needed. Run dry m x through a food processor
or.,2.m r&utgs“scrapl ng after 10 each m nute.
Trgﬁlgfnér Py "M% back to nixing bow . Sift remaining
dr;@%mgltedl ents and add sPeMly (1 [arge spoonful at a -
S xture ;while the mxer is running.
%‘fgt%?”?{u?@ﬂWS m nu es on speed 1. Water M xing
Pr d@s&twﬁeoml@ymp@ampiefm X 200 bowl . Slowy add water :
whi O seconds og;speed 1. Scrape 15 bow .
ﬂe@ifgﬁma%u es on speed % scrapi ng bow as needed.
SprTagalwdghts of 8-inch Iayé@Oﬂc%ke pan with non-stick
Spr 4 88 PUGHRE YeRE THPESE ABNeRARAL int
g N i A

i nto each cake
liquishingrefiahte using 3 50Fp pot fugnel pf qrteé'lsr drehent to |15¢{En dlompgerpay al

CRERSHoRALEE PHRS RE GPAIRE £34S] Mlufell© Cool 1
15()?80? 881 usmgs?}g%ss E 0$ i ngredients. Heat to 13{5200?:0 0

90°F) ﬂmﬂea:dd@ehg@ aﬁtﬂquror fa:tlshscth |4|o’1t Stir the progact @p@ begn WLgeldo stop

actlp@&@m}eagg(smpr;)&p ahf&dop and seal with Iid or closure.
to 40F. 2008/ 085529PCTf US2007/ 060961 59

5Exanp| e 37 A block of imtation nozzarella

chegs@pie@gPri sing an ol i gosaccharide conposition
accor di ng to the present invention was pr e‘gt red.

ngft BeAuBrfiiak wemBrisingrRy QligRTACHRED ShEOMPRS Y RSFTER é%@g pﬁesent

invenuon was prepared.
The ingredients were: _
Skim Milk 94.21
Whey protein concentrate 1.2
Resistant corn syrup (Sample 5) 4,25

Stabilizer biend : 0.442
Sucralose solution 0.008
Total 100.0

The yogurt drink was prepared using the following steps: Add dry ingredients to
liquid using a pump and funnel or liquefier. Preheat to 150°F. Homogenize at 1500/500 pst
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 7
A frozen novelty comprising an oligosaccharide composition according to the present

invention can be prepared as described below.

The mgredients are:
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19. 494 974.70 Sorbic Acid 0.2964 14.82 Whey Powder
1.4288 71. 44 Soybean Gl 20.121 1006.05 Salt 2.0007
400.04 Sodium Citrate 2.09 104.50 Lactic Acid

- wdJobflesshy 1. 2692 63.46 StaSlim 151 starch 3. AriSboidoss:

‘Resistant Corn Syrup (Sanple 5,71%ds) 4.75 237.50
Tri sodi um phosphate (TSP) 0.76 38.00 V\ater 44, 3699
2218.50 Total 55.6301 48

Ingredients %
Butterfat 1.20%
Milk solids, nonfat 11.75%
(MSNE)

Sucrose 10.70%
Resistant corn 6.70%
syrup (Sample 5)

Whey Protein 34 2.00%
Polydextrose 4.10%
Stabilizer Blend 0.67%
Total Solids 37.12%
Weight per Gallon 9.63 Tbs

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 wse 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 2 minimum of four hours for aging. (Overnight aging is preferred).

Example 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 palmitate 0.009%,

Stabilizer blend 0.40 - 0.50%

The sugarless ice cream was prepared using the following steps: Stabilizer blend,
sucralose, vitamin A and maltodexirin 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
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2781.51 10 The cheese was prepared usi ng t he
follow ng steps: Add water, sodiumcitrate, casein,
- and soybean oil (120 g). Blend for five mm Add

W(;r@ﬁ?}'bssggzgg soybean oil. Add sorbic acid, sal i’CTfﬁgﬁG@J?,ogs}

‘ dant corn syrup. Then add whey and | acti ¢ acl
~Blend for five mn. Add remaining ingredients. Cook
- to 185F. 15 Exanple 38 . An edible film~

conprising an oli goSaccharAigde conposi tion according

to the present invention was prepared. Wt hout i
gy OB Heorty 104 T Bt ey Bi i omaeent o DS 30

sec@ds, BB D atabe EsFRUROR | THealix katiigetaas oanpitta§is40°Bend then

in th(g%%di ble fi.lm 2QThe jgne%redi nts were: WO
ProOSETE FOBEESY BEG IR DI I BEUYEL- B8 85 DS: & ans

Pul lulan (PI-20) 21.252 Star-Dri 1005A nmal todextrin

1. Sanmple 5, 71%solids) 3.3 Polysorbate 80

0. qf%%g@éenzoate 0.033 TOTAL 26.4 FILM G ans
SoInMatshn2Bows Whiipeising An ligéAedkhariit @omposition according to the present

invention were prepared.

The ingredients were prepared in three separate parts:

Part A

Gelatin 250 Bloom 2.5

Cold Water 44.5
Part B

Resistant corn syrup {Sample 5, 71%) 337.5

Part C '

Hystar Maltitol Syrup - 5855
Total 990g

The marshmallows were prepared using the following steps: Mix ingredtents 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 to the present
invention was prepared.

The ingredients were:

Sugar 42.0
Resistant Com Syrup (Sample 4y  43.7
Water 1432
Total 100.0
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color/flavor m x22 5 The edible filmwas prepared

using the follow ng steps: D spersion of Ingredients

M x pullulan and naltodextrin in a beaker with a
wd’%gs?/é‘ssszy' X water, polysorbate 80, sodi um bepzgatReesos

and resistant corn syrup (RCS) in a separate beaker. :

Use a Servodyne 10 M xer Head nodel 50003-30 to .

further m x the wet ingr e(%ioents. Start with RPM at

- 700. Slowy add in the dry flavor mx. Wen all the

| unps,are gone, _slowv.a ' . 1t LLE
nc e P2 R pRPREL Yalfc KRG o Mit Aafdofi i com
syrifpuspitlt watdr, GR6t tRPM) 138 Wheith Bbdch thekeany viguymeldi ot minaiesto 129

B B0 IR e Ao POR ot B

nore mnutes. Pour 50 g into centrifuge tubes.

15 Lfuge for 10 mnutes to renove air. Filmng
Pr%ﬁ%@bﬁlﬂ

Filnms were drawn using a Gardco
adj2ugtiathl jelly candd owmpgsens an oliecgapsharide cqrpResBion el the

preMtriﬁveﬂ'E%)ngngg??epgéﬁ.t he proper thickness using feeler

gauge ns were drawn onto Mylar with the
us&hofngeedigais wgrei pl ate. The films were dried in an
eny conment al  20chanber at 65Gsand 25% RH for two
hourS. They were cured in the environnmental chanber
at Resiciantsernzpep Rampley Aight . TR dried filnms were
pagkaged into plastic bags. Expmple 39 : A
| ow fat pound cake conprising an oligosaccharide
copddirt i on according to the Zéﬁresent i nvention was
prepased. The ingredients werep3 WO 2008/085529

PCT/ 1 TS2007/ 060961 61 5 __ Ingredient
Total ‘ 00.0

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 mvention
was prepared. -

The ingredients were:

Water 36.5
Apriéots 32.8
Resistant corn syrup (Sample 5, 71%) 155
Maltodextrin 10.2
Pectin (low methoxy) 4.5%
Xanthan Gum 0.10
Citric Acid 0.15
Sucralose 0.06

Potassium Sorbate _ 0.10
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Part A Cake flour 28.81 RCS Solids (Sanple 5)
26 Water 16.27 GV5-90 Emul sifier 5.92 -
dextrose 4. 17 Non-fat dry mlk, high heat

WO 2008/085529 . - PCT/USZ007/060961
51
Calcium Chioride 0.01
Total 160.0

The jam was prepared using the following steps: Mix dry ingredients. Add dry
ingredients to liquid ingredients and fruit. Heat to 220°F. Put into containers and cool.

Example 26
A sweetened children’s beverage comprising an oligosaccharide composition

according to the present invention was prepared.

The ingredients were:

Water I 86.35
Citric Acid _ 0.15
Strawberry flavor 0.10
Resistant corn syrup (Sample 5, 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 bottles. Place bottles in a

water bath 1o cool.

Example 27

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

The ingredients were:



10

15

1.6 STA-SLI M 150 starch 1.29 STA- SLI M 142
starch 0.64 Salt 0.63 Leaveni ng acid, '
Pan-O-Lite 0.5 Baki ng soda 0.5 Vani |l a Fl avor

WO 0dkFsRe 0. 45 PCT/US2007/060961
52
Ingredient - %
Potassium citrate 0.0200
Acid (citric, malic) 0.2000
RCS (Sample 5, 71% ds) . 1.8750
0015
High intensity sweeteners (sucralose, Ace-K)
5% Clarified Val OJ Cong., 60.56 Brix 1.G177
Red #40 0.6009
Yellow #5 ’ 0.0044
Orange flavor 0.1218
Filtered water 96.7452
: 100

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 #5, ofange flavor and the blend from the previous step

into the water. Carbonate to desired volume of CO» (2—4).'

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 Qil 34
Cheese Flavors 28
Resistant corn syrup solids 17
(Sample 5)

Salt 13
Jalapeno Flavors 0.75
Lactic Acid 0.2
Citric Acid 0.15
TOTAL 100

' Blend of food starch modified, wheat protein, and maltodextrin.

Ingredients were incorporated into the product mixture in the following order: (1)
Canola oil, (2) Flavors, Citric Acid, Lactic Acid and Salt, (3) resistant corn syrup, and (4)
Tate and Lyle Texturizing Blend.
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Annatto color 0.1 Xant han 0. 09 Part B

Li quid egg whites 8.4 Water 4.63 100
The pound cake was prepared using the follow ng
=43 €nd dry ingredients of Part Ain %57,060961
W(ﬁoﬁg‘%ﬁé speed 1. Add GV5-90 enulsifier an I end

2 mnutes (speed 1). Add water and Annatto col or and
bl end 4 mnutes (speed 2). s Scrape bow and paddl e
after 2 10 m nutes of m xi r?g and at end of m xing.
M x Part B ingredients together. Add in 1/3 of the
Part B egg white/water m xture to Part A and bl end

f orExdmpie p0It € ( Speed 2). Scrape bow and paddl e after

e R e T e

predeoLinveAéh waspnpaod. bat t er |nto a | oaf pan pre-coated
W%GPH%QGEE %Iérespray Bake at 350F for 30 m nutes. 15

Part A %

Isosweet 5500 HFCS 21

Mirathik 603 (food- :

modifieéd starch) 6

Part B

resistant corn syrup

(Sample 6) ) 70.88
" water 1.55

nat. and art. rasp. flavor 256639 '

(tastemaker) ' 03

Part C

malic acid 0.1

citric acid 0.1

red color 09310 (WT) 0.06

blue color 09918 (WT) 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 heurs to achieve full viscosity.

Example 30
A sheeted cracker comprising an oligosaccharide composition according to the

present invention was prepared.

The ingredients were:

Flour ' 70.949
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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Gat neal chocol ate chi p raisin cookies having polyol
| evel s and conprising an ol gosaccharide conposition
according to-the present invention were prepared. The

wd Rgiedlgnts were: 20 Ingredients Formula Pe mmmmaw61r
“Kgg@é§g3- Percent Vream Rite Shortening 12.%%ﬁg%.40

BAKERY REBALANCE 706 (Tate & Lyle) 9.00 36.29
STA-LITE I'l1 polyd ose-(Tg}e & Lyle) 5.00 20.16 WO
2008/ 085529PCT/ US2007/ 060961 62 Sor bi t ol ( Sor bogem

e 4 Ly ), L
(Samphe 4) 3.00 12.10 Salt 0.5@02002 C nnanon
Amount of watér 30
The sheeted cracker was prepared using the following steps: Mix dough until all
ingredients are wetted and dough is pliable. Sheet dough to 1.1 mm. Cut pieces. Bake in

convection oven (low fan) at 350°F for five minutes.

Example 31
An expanded extruded snack comprising an oligosaccharide composition according to

the present invention was prepared.

The ingredients were:

Com flour 75.00
Resistant corn syrup solids (Sample 5) 23.50
Salt 1.50
Total 100.0

The expanded extruded smack 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 ' ' 235
Tortilla Chip #1 flour 24.0
Resistant comn syrup (Sample 5) 2.50
water © 400
Total 100.0

The tortilla chips were prepared using the following steps: Make a 1:1 mixture of
Tortilla Chip #1 fiour 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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0.30 121 Cinnanmon flavor 0.25 1.01 Catneal cookie
flavor 0.25 1.01 Vanilla flavor 0.25 1.01 Dry egg
0.90 3.63 Water 9.00 36.29 dycerine 1.25 5.04 :

wd;%&;&sgszg| our 24.80 100.00 QJl ck roll ed oat 'SPclﬁU%O';mG(]g(;l
.60 Baki ng soda 0. 40

55

for 30 minutes in a plastic beaker. Sheet the dough using a Rondo sheeter, and graduaily roll
dough to have about a 1.3 mm thickness (testing thickness by nsing micrometer). Use the
Rondo. sheeter, cut the dough using the cutter by placing the dough horizontally. Fry for
aplﬁroximately 1:45 to 2 minutes (until chips appear golden brown and bubbling was almost
ceased) in a fiyer pre-heated to 375°F. While chips are frying use a metal spatula {o stir the
chips so they are constantly being submerged on both sides (to help even fat absorption).
Remove from frver and let chips drain for four minutes by hanging the basket. Pour chips
onto a cloth towel and let sit for six minutes. Bag, seal, and label the tortilla chips in a plastic

bag.

Example 33
A gelatin dessert dry mix comprising an oligosaccharide composition according to the

present invention was prepared.
The ingredients were:

Resistant corn syrup solids (Sample 5) 88.66

Gelatin 250 bloom 9.00
Adipic acid 0.90
Fuamaric acid 0.60
Strawberry 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.

Example 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
picce. .

The ingredients for the high solids filling were:

Part A

Resistant corn syrup (Sample 6) 21.00
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1.61 Pan-O-Lite 0.20 0.81 Chopped wal nuts 6. 00
24.19 Raisins 6.50 26.21 Total 100.00 403.23 5 The
oatneal raisin cookies were prepared using the

f ,Lhg steps: M x shortening and fl avor spdpuded¥eedst
wol_@%ééo%gz?n xer at speed 1 for 30 seconds Add the

remai ning stage 1 ingredients Mx at speed 1 for 1
m n. Scrape the sides of the bowl. Mx at speed 2 for
1 mm Add the stage 2 ingrS dients. Mx at speed 1 for

1 nm.n,. Sc e the sides of the bowl. Mx at 10 speed
2 %FTﬁiﬁb?E%d the st agg'oé i ngredients. Mx at
speatiBl for 1 mm 30 sec.” Scrape the sides of the

: bogﬁ.. R?Feat mé at, gfﬂeed qlggf or 1 mn 30 sec.. Add the
St AGUSIPTETH W BAPRIEOM x SF%%peed 1 for 15 sec. Wi gh
30 vgatgtough pi ece onto a pafEhnent with double-Iined
baki n apns Bake 12 cooki in convection oven at
37?&938%{1131"0% n 15Exanpl e&iql Soft chocol ate cooki es
compt Csi ng an ol i gosacchari de conposition according
toﬂalilleAprdesent i nvention wgpe prepared. The

i ngr edients were: | ngr edi ent WO 2008/ 085529 63
PCThtdSA0@7/ 060961 Resi st aftlfcorn syrup solids (Sanple

5) radcéfd, Butter 20.40 RCS o(gganpl e 5, 71% ds)

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 (aliow filling to

set 24 hours tb achieve full viscosity.).
The ingredients for the binding syrup were:
Resistant corn syrup {Sample 2) 67.7

Glycerine 10.7
StaSlim 150 starch 133
Shoriening : 7.5
Salt - 0.8
Total 100.0

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 55.30
Whole wheat flour 2519
Resistant corn syrup (Sample 2) - 13.51 -
Whole oat flour 5.00

Salt 1.00



10

15

10. 90 Eggs, whole 9.10 Natural cocoa N-11-N 3.60

Lightly al kalized cocoa D1 1-A 2.00 I nstant

TENDER- JEL C food starch nodified 1.90 Vanilla flavor
woozoéﬁos%bt 0. 44 Baking soda 0.30 100.00 5 pepysabifisosst

COOKI es were prepared using the foll ow ng steps:

Bl end sugar/RCS Solids, butter, and RCS (71%ds) in

Hobart m xi ng bow on spe%gi 1. Add egg. Dry blend

remai ning ingredients and-add to this m xture. Bake

at _350F for 15 m nutes. 1g§f<oan'pl e 42 A mapl e

sy BB conprising an oligosacchari de conposition

acqas dixpgdddopiete vak egepiredi nsien ttho folwdngp separ Bukforiilye mix

. ingredients. were; ter8Q. 1 15Res;| n
o 1S3 BB LA B i
extrbdiaVoiOd5 Usatypildal4strSRiENDAvigcralitome 0C 85 aRky@dsee.
aunP. 28 Phosphor | Cci 9 5 . _ :
Soglom1 MEHEX é’niegtnélx 8s pﬂ%gf" ’éf%ﬁ@sgg%t Ter elilrgg%lgrggé.e 8%% lhure i
sheeted or formed and eut to appropriate size. High solids filling typically would be added
between the two sheets of binder/particulate mixiure.

Example 35

A spice cake comprising an oligosaccharide composition according to the present
invention was prepared.

‘The ingredients were;

Ingredient %

water 40.67
Purasnow cake flour 21.56
sorbitol 17.70
RCS solids (Sample 5) 8.85
Mira-Thik 603 food starch modified 1.00
Core M90 (maltodextrin, sucralose) 0.25
EC-25 emulsifier 2.65
Provon 190 whey protein isolate 1.25
HiJel § food starch - modified (.99
dry egg whites .99
salt 0.79
GMS 90 ermulsifier 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 0.07

100

" The spice cake was prepared using the following steps:

Dry Mix Procedure:
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15

20

25

30

35

25Tot al 100. 00 The mapl e syrup was prepared using
the follow ng steps: Add sucral ose, preservatives, "
salt, flavoring, and color to water using slow speed
wd JoSdsapdard mixer. Slowy add guns to m Xt UPEEUS2007/660961
allowmng to hydrate 20-25 mnutes. Blend in resistant
corn syrup solids, while heating to 185F. Hold for
one m nute. Renobve heat ag@ add acid. Fill containers
at 30180- 185F and invert for one mnute. Cool to 75F.
64 5p Eﬁég};ﬂg?ﬁﬁnc 3, Core MYOPRIREBH 198 WGEr SORP NS BO25 in

annglgo aride conposition according to the
mmpwe5@nhngqvemﬁﬁ%mﬁﬁﬂ@ﬂwhé@awéémhfﬂésP%@%@Hﬁéﬁ?&fﬂéﬁ§¥5»
mn\]??ﬁ%{gl a? %%?L%cﬁaﬁiﬁé S@Jl- ag%eéﬁé&. eR 4 DarfAPR hife! rﬁiﬁiﬁg 1 minute

. Resi stant corn sxrup (Sanpl e
on Geed7 104era8®s 7o w1 snbeded e49d G PYihde PRERDF yISHERBOPSE L
scragﬁ% %Wi asggulchgﬁoRl%iLdr? it mBuwsrh Edd %cgs@mpﬁmﬁh@ﬂ Adrafibg after
ucral ose0. 014 The barbeque sauce masggyéﬁgéed
caclygimty- tepsfes Hivowix gclste apsing bessle SPAPPang Al BEPERS2G I
slovs'lg (L RO sp 6% A ¥ inBOH SRR trSixiuf: Wilelthe m&Bis Re@ingf WEx for a
15 mnutes at 200F." Hot fill containers and cool. 25
totapgfgyypinateyan speed 1. A French dressing conprising an

ol ygasagkharideagonmposi tion according to the present

i nvention was prepared. The ig&redieg S were: 41 S

30 Sdyp darinisin) TvaoS iRl adf Jiter warHEYe b S?CS’A‘{WP&?@%, - Serape
bowh 1 ¥i¢ BDrhinMled 88 8peed 22QrpmaibokP adfkc il eIpt. difes o Beihch layer

Past e7. 00 358a|t2.00_N|nﬁT i k 603 food ghprch .
cakegef} Witk gon-gftsk PBRY Sooking o o8 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 23.41 -
Butter 5.88
Water -50.50
Sweet Whey 5.44

Disodium phosphate (DSP) 0.73
Trisodium phosphate (T'SP) 0.16

Sodium Citrate .36
Salt ' 0.78
MaxiGel 420 starch 2,73
RCS (Sample 5) 9.09
Total 160.0

The cheese sauce was prepared using the following steps: Mix all ingredients. Heat to
200°F ynder constant agitation, Hot fill the cheese sauce into jars or containers and seal with

lid or closure. Cool to 40°F,



WD 2008/ 085529 PCT/ US2007/ 060961 65 Oni on Powder O0.18
Garlic Powder 0.15 Xanthan Gum 0. 10 Sorbic Acid 0.10
A eoresin Paprika 0.10 EDTA 0.01 Total 100.0 Exanple
““ﬁ%” sObi gosacchari de conposition A creai€ho7/060961
chicken soup concentrate conprising according to the
present invention was prepared. The ingredients were:
Wat er 65.65 Chicken Bouillgn 11. 30 Resi stant Corn
Syrup Solids (Sanple 5) 17700 Half & half 5.60
Re%g%%qe§5arch 3.10 Titani um Di oxi de

5
A block of imitation mozzarella cheese comprising an oligosaccharide composition

according to the present invention was prepared.

The ingredients were: -

Weight

Percent ing
Renmet Casein 19.494 974.70
Sorbic Acid 0.2964 14.82
Whey Powder 1.4288 7144
Soybean Oil : 20121 1006.05
Salt 2.0007 -100.04
Sodium Citrate 2,09 104.50
Lactic Acid (liquid) 1.2692 63.46
StaSlim 151 starch 3.42 171.00
Resistant Corn Syrup
(Sample 5, 71% ds) 4.75 237.50
Trisodium phosphate (TSP) 0.76 38.00
Water 443699 | 2218.30
Total 556301 | Z78L.51
10 ' ' _

' 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°T.

15 '

Example 38
An edible film comprising an oligosaccharide composition acbording to the present

invention was prepared. Without being bound by theory, it is believed that the
oligosaccharide composition served as a plasticizer in the edible film.

20 ‘The ingredients were:
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I5

20

25

1.00 Salt 0.50 Sugar 0.16 Spices 0.69 Xanthan Gum
0.10 Total 100.00 35The cream of chicken soup
concentrate was prepared using the follow ng steps:
wMots/bisyhel Ngredients. M x |iquid ingredient spdRisidoPos09st
m nutes. Add dry ingredients slowy using |ightning
m xer on nmedi um speed. M x 3-5 mnutes ensuring even
di spersion. Heat to 190F &0 5wi t hout stirring. Hold.
for 5 mnutes. Fill hot into cans, seal immediately.
ort at 250F for 40 m nutes. Cool cans to room
tenperature,To serve, add one can soup to equal
Pulvih BE, OF 280 )l k. M x well. Heat to simmer
Sk BpoxXi natel'y |10 m nutes). Serve hot. Exanple 46
malx@e¥p@Si ti gn &&cjordi ng to the present A ket chup

RCe §5i ng an 9l i gosacchari de i nventi on was prepared.
71 % pplids) 3 e ey

Polebal, gredi S,JZ 5 vere: Tomat o Paste 37.54 Resi stant
PR A g ds (Sanple 5) 12.01 Water 41.37
To gar—126—grain 7.01 Garlic Powder
FILM:
Grams
Solids 26.4
Water 83.6
TOTAL 110
[ color/flavor mix I ZZJ

The edible film was prepared using the following steps:
: Dispersion of Ingredients 7 :
Mix pullulan and maltodextrin in 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, siop the mixer and scrape the sides of the beaker. Turn 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 '(;]igosaccharide composition according to the

present invention was prepared.

The ingredients were:
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15

20

0. 02 Oni on Powder 0.03 Snoke Flavor 0.001 Salt 2.00
Suct al ose (dry) 0.02 The ketchup was prepared
using the following steps: Dry m x spices, RCS,
u e and salt. Mx water, vinegar, an
Woﬁﬁ%@ﬁ §I i ghtening m xer. Add snoke fl avor dg(gff\h‘;\sezﬂb%smm
m x. Blend tomato paste and 1/4 of the wet m x
(water, vinegar, and dry mx) in a Hobart mxer with
paddl e attachnment on speeé 1 for 2 mnutes. Blend in
the remai nder of the wet mix on speed 1 for 1 nminute.
o Stop and scrape the bowl well. Continue bl ending on
Pg"%ed 1 for 1 nfnute. Heat ket chup to 105C and hol d
1"L r 15 seconds z%% to 80C. Honobgeni ze usi ng Panda
Réksf@gﬁg 1@ r at 1 8/ 50 bars. Imedi ately package in
watG! ass Jars Exanpl e 47 A beef-flavored gravy m X
Gmgmmmgérng an 0|5I_908aCCharI de conposition according
dexdo® the present isnvention was prepared. The
Nonif gy 2, Bgtsac wer e1.6 Water 90. 17 Perma-Fl o Starch 3.58
stABaef 15Pkagor s 3. 28% 67 S5Resistant Corn Syrup solids
STACSRMAA eter@) 10. 00 %tigar 0. 43 Sweet Dairy WeyO. 42
SaltCar amel  Col or 0. 9 Spi ces0. 03 10Tot al 100. 0 The
Lea‘ﬁ’é‘éfm‘f‘ PasibrEd gr% y mx was prepared using the

akipg;
gmiilavor\%&gmsteps l end dry ingredients and TALO TF-55

ng (all iggredients except water) until
XanddHi TOr m'y 0.09
Part B
Liquid 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 blend 4 minutes (speed 2). Scrape bowl and paddle after 2
minutes of mixing and at end of mixing. Mix Part B ingredients together. Add n 1/_3 of the
Part B egg white/water mixture to Part A and blend for I minute (Speed 2). Scrape bowl 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
~ Qatmeal 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
Vreamn Rite Shortening ' 12.50 50.40
BAKERY REBALANCE 706 (Tate & Lyle) 9.00 36.29
STA-LITE Il polydextrose (Tate & Lyle) 5.00 20.16




bl ended. Using a wire whisk, disperse this dry m x
into cold water. Cook with agitation to 15190F. Hold
- mxture at 190F with agitation for 10 m nutes.
‘Voggﬁgg A dry bl ended coffee creaffus2007/060961

|S|ng an ol i gosacchari de conposition according

to the present invention was prepared. 20The

i ngredi ents were: Conmercial creaner powder (Jerzee

bl end 220077) 21. 8 Resistaﬁ? Corn Syrup solids (Sanple

5)78. 2 The dry bl ended coffeescr aper mgﬁoerepared

| Sor #) | owi-ng—steps—the25-tngredients are
Nmbwémmk&EO&QﬂmmddOhﬁﬁmﬁwﬂ&%nn thedihhta P2 pelsh screen

RedisahidCom Syami$aepkiender vessel |rib¥bn bl Bdder| or
saipaddl e bl ender. The formul ati on 9.8 bllend8¥ from 10 to

Cindamodl NUt es and packaged. Silig¢a @soxi|ldeldt siodi um

[ cimildn@@RF UM nat e can be added as am i-icakiong jpgents if
0atE U8 Gy OEX@NPI € 49 Alsoysdased @dry coffee

C1 EAIEr  POWOET "STUTTY CONpr i Siinggan gl 1 ggsacchari de
—j%%ﬂﬁ%8|tluu abbUIUIHg tothe present {inveniipn was

Thao 1
rHe— ||9| CUI CIII.D VWET g

935 : g 850 $solids %
WaRyy conp % f or mul a Hydroger + &80 sayb | 105F
|

G865 50, 67% 23.50% A48 64 Sqdi b CaseiNAtel 4. 1
3. 895
Pastry flour 24.80 100.00
Quick rolled oats ) 12.40 50.00
Baking soda 0.49 1.61
Pan-O-Lite - ' 0.20 0.81
| Chonped walnuts ' : 6.00 24.19
| Raisins _ 6.50 26.21
Total 100.00 403.23

The oatmeal raisin cookics were prepared using the following steps: Mix shortening
and flavors in a N-50 Hobart mixer at speed 1 for 30 seconds. Add the remaining stage 1
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 I min. Add the stage 3 ingredients. Mix at speed 1 for [ min 30 sec. Scrape the
sides of the bowl. Repeat mix at speed 1 for 1 min 30 sec. Add the stage 4 ingredients. Mix at
speed 1 for 15 sec. Weigh 30 g dough piece onto 2 parchment with double-lined baking

~ pans. Bake 12 cookies in convection oven at 375°F for 11 min.

Example 4]
Soft chocolate cookies comprising an oligosaccharide composition according to the

present invention were prepared.

The ingredients were:

Ingredient %

Flour, pastry 28.70
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3.04% 1.48% 3.07 Resistant corn syrup solids
(Sanple 5) 61.47 58.4 45.52% 22.23% 46.00 Al phadign
70K Mono- and diglycerides 0.5 0.5 0.39% 0.18% 0.37

W@%g,&ggﬁgnono- and di gl ycerides 0.5 0.5 0. 398¢1/052088660961
0.37 water 145 0 0. 00%

63
Resistant comn syrup solids (Sample 5} 2220
Butter 20.40
RCS (Sample 5, 71% ds) 10.90
Eggs, whole 9.10
Natural cocoa N-11-N . 3.60
Lightly alkalized cocoa D-11-A 2.60
Tnstant TENDER-JEL C food starch modified 1.90
Vanilla flavor 0.46
Salt 0.44
Baking soda 0.30

100.00

The cookies were prepared using the following steps: -Blend sugar/RCS Solids, butter,
and RCS (71% ds) in Hobart mixing bowl on speed L. Add egg. Dry blend remaining
ingredients and add to this mixture. Bake at 350°F for 15 minutes.

Example 42
A maple syrup comprising an oligosaccharide composition according to the present

invention was prepared.

The ingredients were:

Water 80.132
Resistant Corn Syrup Solids (Sample 5) 17.00
Cellulose Gum 1.00
Maple Flavor 0.45
Salt 0.45
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 vsing slow speed in standard mixer. Slole
add gums to mixture, allowing to hydrate 20-25 minutes. Blend in resistant comn 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 minuie. Cool to 75°F.



52.43% 108.50 276.57 128.3 100.00% 100.00% 206.95

Total solids 46.39% Yield @4% noi sture 100. 00

The water is added to a batch tank and is heated to

40 F. The sodium casei nate is adde

W(&ég%@sg%%d all owed to hydrate for 10 to 30 ?nP(?lﬁUQéésa%mm%l

The nono and di gl ycerides can be nelted into the

hydr ogenat ed soybean oi | ﬁ{ nelted separately. Once

the 10 sodi um casei nate H4s been hydrated t he

soybean oil and nono and diglycerides are added to

the batch tank. The m xture is well blended. The

r erfxamplag3 r esi stant corn syrup is added to the batch

Vi 2 OB e TS o RS R B R P AUy Brsen
mvhmbﬂWEQﬁqﬁ&dnlnutes The product is then ready to be
r mqrgéd%gtsvv\‘/;e}eh a inlet tenperature of 350 to 500 F
an “exnaust tenperature of 150 to 200 F. 15 An
opﬂhﬂﬁal fluid bed dryer can be used. Sodi um
si | nate or silica, xi de coul d al so be
|ng;%%%3%§%r anti - caki ng pﬁ?%oses Phosphate salts
and¥ger anti - caki ng agents!4¢dul d al so be included.
qg@k 1@9Vh%g coconut based cof fee creamer powder
lu or spray-dryi ng, conprising an
oIﬂ@@@@@@wamwﬁé(%mmﬁﬁ%7F%bﬁVﬁccord|ng to the present
9_ Qn was prepared. TRgyingredients were: WO
2008 O§5529PCTIU820071060961 69 5 I ngredients pounds
solligyd Bickery Smok

Caramel Color : 0.21
Part B

Salt 2.02
Spice Blend 1.65
Sucralose . 0.014

The barbeque sance 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 oil 5.00
Resistant cormn syrup (Sample 5, 71%) 47.57
Vinegar, 120 grain 12.00
Water 18.59
Tomaio Pasie 7.00
Salt . 200
MiraThik 603 food starch modified 2.00

Polysorbate 60 0.20
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% form Hydrogenated Coconut G| 92 32 32 4851%
21.67% 46.57 Sodium Caseinate 3.2 3.04 4.61% 2.17%
4.66 Resistalit corn syrup solids (Sanple 5) 31 29.45

%04,420. 99% 45. 12 Di pot assi um Phosphat :
w570, e Chrlsioriiir

65

Onion Powder

Garlic Powder - . = ‘
Xanthan Gum

Sorbic Acid

Oleoresin Paprika

EDTA

Total

0.18
0.15
0.10
0.10
0.10
0.01
100.0

The French dressing was prepared using the following steps: Place water and resistant

corn syrup in container. Dry mix onion, salt, garlic, serbic 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 slowly. Add remaining oil and mix five minutes.

Process through a colloid milt 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

Chicken Bouilion
Resistant Corn Syrup Solids (Sample 5)
Half & half

Rezista Starch
Titanium Dioxide
Salt

Sugar

Spices

Xanthan Gum

Total

65.65
11.30
11.00
5.60
3.10
1.00
0.50
0.16
0.69
0.10
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 ingrédients slowly using

lightning mixer on medium speed. Mix 3-5 minutes ensuring even dispersion. Heat to 190°F
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0.58 Distilled nmono- and diglycerides 1.08 1.08 1.64%
0.73% 1.57 water 80 O 0.00% 54.17%  116.43 147.68
65. 96 100.00% 100.00% 214.93 Total solids 44.67%

wo\goﬁnﬁ 5@)4% noi sture 100. 00 A coconut - Raseehoo7/060961
coftee creamer powder was prepared using the

following steps: The water is added to a batch tank
and is heated to 120 to 1%3 F. The sodi um casei nate
|s added to the water and all owed to hydrate for 10

d d o :
itk i E&%is*eﬁhﬁemﬂwf BB nr S S e Rl o o
40 SRPpRS. atell yans oemtthiepesmde. UTh sase wdiaine clre®ub @eaqual volume of

hydr .e e. coconut, Oi d ceri des
oo BhERa % RETRAY CPre RE TR R AL s P
blended. The remai ni ng i ngredients resistant corn

syr.u ng,_di pot assi um phosphate are added to the
baé@%ga%gg and the mxture is heated to 170 F

honp geiupe coniriaing ombblezostcatge dh onopeition saceadng i1 the present
mm%%g%%&gg%hﬁﬁpd held for 30 m nutes. The product is

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 a lightening mixer. Add smoke flavor to wet
mix. Blend tomato paste and % of the wet mix (water, vinegar, and dry mix) in a Hobart
mixer with paddle attashfnent on, speed 1 for 2 minutes. Blend in the remainder of the wet
mix on spéed I for I minute. Stop and scrape the bowl well. Continue blending on speed |
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.

Exarnple 47
A beef-flavored gravy mix comprising an oligosaccharide composition according to

the present invention was prepared.
The ingredients were:
Water , 90.17
Perma-Flo Starch 3.58
Beef Flavors 3.25
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15 ready to be spray dried with a inlet tenperature

of 350 to 500 F and an exhaust tenperature of 150 to

200 F. An-optional fluid bed dryer can be used.
woedee,si | i coal uninate or silica dioxide cadMEUS2ZIEDE06

be 1 ncluded for anti-caking purposes. Exanple 51

20An ice cream coating and/or conpound coating can be

prepared using resistant. gorn syrup solids to | ower

or elimnate sugar content thereby reducing overall

CaROLIED cofl RAD FARIERNESN Paophani ficantly enhanced

i n-conpariso P a typical” coating, (e.g., this

il Bugtration has 33 grans/ 100 %Bans versus a

co trol at 5 graml }0Q grans of coating).

25§?%%?§g?gﬁ§£percentage Resi§?%nt corn syrup solids

(s&apimel a0, 5 70 Veget abl e $H¥rtening (92 coconut)
4SSPE%pcoa powder 10/12 (fat) glgh. O Lecithin 0.45
suctal ose 0.05 total 100.00 5 The ice cream

codpicthg and/ or conpound coati n§®fan be prepared using

the followi ng steps: Gind corn syrup-solids to a

particle size between 5-125 m crons verage near, .

50Tho begtleghrodsrE s FetsPrers oSy e duloitkjteps” Blend dry
ing@@bdd GheSFAI @M Ne 16RERE (RDWHSEdaR efdipt alandeunl tiniformly-

corn syrup_solids, Mlt shortenin nd conbi ne MAHh. ;
blendad| VRt AR ISR Ui TS R P P94 of Pt Bt isipion o
19088 GroidhgixiRd 4t @ohos hathtagidtiag fdrao infifitsd. combi nati on,

scraping the bow regularly. Apply to frozen

‘"novel ties, baked goods, etc. as desired. Exanple 52

Twezgapphes of resistant corn syrup (RCS) were

prepared as ipn Sanple 5 of. Exanpl e 15 .16 above ne ..

o Ak Gismiiddo BeacarEIT HENESRE Sh o e RO ape fon B ine
to thd\Resbilih@idAgva @fepire@t i on refers to "l ow sugar.™) The

W %d,s. b~ of nonosaccharides, disaccharides,

tri QAL E8€™ and tetra- and hi gher order

S aQAdiicrd8 Sredmergpoaderf(fdrieobiend EMIOATI at i o2l.|RCS RCS LS

P R R P -t (Shpi 68+ 7 1. 64. 64. 6§97

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 to 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 shury comprising an oligosaccharide
composition according to the present invention was prepared.

The ingredients were:
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20Sanpl es of the two resistant corn syrups and

mal t odextrin were fed to dogs. Bl ood sanples were .
taken fromthe dogs at intervals after the feeding to

wdlsih§sdige the glycem c response. The changesci;BsBhARbver

glucoSe concentrations over time are shown 1 n Figure
15, and are sumarized in the table bel ow Item
Mal t odextrin RCS.RCS LS SEégI N Tine to gl ucose peak,

mn Increnental area under ‘the curve for glucose 5 30
d 155.1 5 18 37.7b 5 18 73.9" 4.9 12.9 71 Relative

gl ycem ¢ responsel00. 0d24.5b50.1'7.8 5ab Means in the

same row with differint supekderiptg are different (P
< 0.05). SEM =rap@ndasdider r gpompf  tlhe Yafprmpa
Hydrogenated Soybean oil )
105°F 65 651 50.67% 23.50% 48,64
Sodium Caseinate ' 4.1 38051 3.04% 1.48% 3.07
Resistant corn syrup solids
(Sample 3) 61.47 584 | 4532% 22.23% 46.00
Alphadign 70K Mono- and '
diglycerides 0.5 05| 039% 0.18% 0.37
BFP 75K mono- and ’
diglycerides 0.5 0.5 0.39% 0.18% 0.37
water 145 0] 0.00% 52.43% 108.50
276.57 1283 | 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 fo hydrate for 10 to 30 minutes. The mono and
dﬁglycerides can be melted into the hydrogenated soybean oil or melted separately. Once the
sodium caseinate has been hydrated the soybean oil and mono aﬁd 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 is then ready to be spray
dried with a inlet température 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

inclzded.

Example 50
A coconut-based coffee creamer powder slurry for spray-drying, comprising an

oligosaccharide composition according to the present invention was prepared.

The ingredients were:
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Exanpl e 53 Si x sanples of resistant corn
syrup were prepared as in Sanple 5 of Exanple 16
10above Each sanple was a 72%ds syrup, with the
FRES, bei ng water. The sanpl es contai ned PCT[US20071060961
essen |aIIy no fat, protein, or ash. The six sanples
wer e: RCS GRl (RCS, 72% ds syrup 70% fi ber, 15%
sugar) ("sugar" in these nples refers to the t'ot al
of nono- and di sacchari de§§ RCS OR2 (RCS LS, 72%ds
syrup 80%fiber, 5% sugar) 15RCS GR3 (RCS with 50%
fructose, 72% ds syrup) RCS GR4 (RCS with 50%

sarbitol, 72%ds synup) RES, R8sk RCSelipmWi i [25%
. d: D 7o X
o 2 —Z296°ds syrup) Ré uxbm{ S°LS, Wi fth 25%
gosorbitol, 72% ds syrup) VBanplesisepni ai Bi.eip 25 g 46dsb)

o
o

50<19um(f Q]%msyr up [wer e ;prepay g as &gl oWs. 21838 |kg Qks

Redistaht oéthl Sy istl was ddded tto a Jugtcontal nit ng {a
(SeRFIEHVEI g%ec uantifiy obo&RCS. Mewelid wasoyd aced Hn2

DlpOTQSSIml’l W9 @Nd {1 T Was |t hgRo,Mi xed s&hor oughl yo.pYy [shakisa

L=}

N s L T g untTt gttt syrup was (i $s0lfved.| 12 0zZ.
(h aa8¢g) of thils soloagtli oniasgnt ailped] 25 g 0f3% he t edts?

car bohydr ate jon a er SO|0I ds %@,} The,epnt riol 11643
—Sol utonwas [prepar gd b e n% g annh dr OUsS . o2
gl ucose with 300448 [of € 0% Hh. | AL4.93

U7

U

P

ot ot

S
.. el
o EN6s adm ni ster%i@gc 10 h aIthy hbig, %@6] ect|s. hhs

ttratactetrtstt+es—or —the buu]Cle wer €

fermal e; age, 35 10 y; body mass index, 24. O 3.8

k g [Aacomabdised t:kiifee ccteamactmwwdmkas mrapercd esitstho followparstepe The
wats gg%ci’@ htg % ﬁef{oﬁzb &S taob ROGfe &ﬁﬂm%&ﬁ'i&@ added

ucose drink contalining 25 ¢
to thd waerandl a!ﬂldvcedatahjabﬁyﬂlr ae & 3(Bniovids. STheghane @B‘bdlﬁb@ﬂdes can be
melm?i 2 rﬂ?edhgffd?o%%rlla?e% C%Qc%uﬁ{)ﬁ 2515 meh%g se?a5atel§ 0 Ongeoth@ @&hﬁ]ﬂg Qaseinate

ncrenental areas under
hashjeanhiydqltaglc@ls @woespmhs@l wepond diglyreriies \n@raéld%hfl‘)dhﬂ 'a*tt@d‘ank

rﬁ&gues 43 Qdeﬁ Bfent?ed' Q‘ggreﬁ{sﬁn g 1&@%&1‘@%&1@& QJITI %ﬁ'ﬁ[haﬂd tassiurm

was expresse ercent ag of the nean i

ucC
phogphatetpee addedie thg lmt@stenkc@ﬁtthedpgmﬁ@aﬁ é‘PﬁfWO 1A T dmogenized via
doﬁfébsltfgg thbmggbﬁmhﬁlﬁlr GRALA), 30§ 88d Lﬂ?rdﬁf s C UhY Src¥aél is then

relative cemc response (RGR) of the products
reaietods SFBY il DRTBTEES 0 S0P F PFaws(tompegyrure

of 1;5@40 QOO]’?F 5&11 %;%ﬁ@&d%é’& RC%@ r G béu@@ @&hﬁm sdic&hnReste 6RAica

GR3 30.
dioxide could also be included for anti-caking purposes.

Exampie 51
An ice cream coating and/or compound coating can be prepared using resistant corn

syrup solids to 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 confrol at 5 gram/100 grams of

coating).

~ Ingredients percentage | .

Resistant com syrup solids (sample 5) 40.5
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26.2 4.2b RCS GR4 17.4 4.1b 15.3 3.6 RCS G5 27.6
4.0b 25.4 4.3b RCS GR6 20.9 4.0b 18.2 3.5 5 :
Values with different superscripts differ

woSloSiMs %1 ,gantly (p<0.001). There were no st atp@fmgzgﬁnlmgﬂ%l
signiticant differences in palatability ratings
bet ween any of the foods. Exanple 54 10Sweet oseO
4300 corn syrup (81% ds) was evapor at ed to less than
6% noi sture content by passi ng it through a hot oil
j acket ed padete—pixer—at—a 7T 7 The
paddl e mi xerv‘?gsffl@?gg?{%eg’&g% O%%lbll cdi | \f’gget for 300 to
600 rpm and the{:dabdpdwalemut(&ﬂperatur d4Was |vari ed
from 150C H+o—20656— re—of—the Lcol045pllLSph0ri c
acid was added at a ]Irezﬂﬂé to give frlom0-1%|to 0.4%
phosphori ¢ acid sol isggalese corn syrup $dsi dg. I n sone
of the tes i i s—addet-iat 25 ppm
in place of or in addi®f on to the pho@gﬁgri c acid.
Product coll ected fromthese tests (25 ng) was
dissolved in 4 nil buf fer and i

o TR K Greap et Pﬁ““fcf"??{f/grfﬁn ?T%}ﬁe%a“r‘fﬂ%sg A ovine

stepRN T cdrARYiup g&lhﬂ@ exi piatde Srgrmvdeatalo QJIM‘ISY%&EE near 30-40

. sol yt f h t f
i O 0T, BRAS S Bl Ayl R LT v
come¥ERdles. M shorssnthe fahd tantat \(fﬂl KU5thao ﬁi’kulecm&)lg pheibgemdedairy

. cchar,i di st |but|o al [ J.quj '
eSS Pt FPaeRc SRR T, (B, s povt regulaly.
Apietodferatn mfvelﬂar bﬂdaygmcds,@tcf mﬂedreﬂo exi st as
trisaccharides and higher was quantified as digestion
resi stant carbohydrate and is | abeled as % fiber in
théthmﬂleg bel ow. WD 20081085529 73
% gvg;r%%%gl@sl Of6 %ééjt}né §%H9§rﬁp ﬁ&f@ wE%B?eﬂé?ﬁ%d%t%Ps%pi‘é@ of i hple
16 above, one of which had a lower monosaccharide content. (“LS” in the following

description refers to “low sugar.”) The wi% d.s.b. of monosaccharides, disaccharides,

trisaccharides, and tetra- and higher order saccharides were as follows:

DP1 DP2  DP3  DP4+

Formﬁtation
RCS 125 47 4.1 78.7
RCS LS 1.6 46 46 89.2

Samples of the two Tesistant com syrups and maltodextrin were fed to dogs. Blood
samplés 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.

Itern Maltodextrin  RCS  RCSLS SEM
N 5 5 5
Time io glucose peak, min 30 18 18 4.9

. Incremental area under the
curve for glucose 15514 37.7° 73.9° 129
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43 run 2 195 0.2% 25 52 run 3 193 0.4% 25 62 run 4
203 0.4% 25 68 run 5 180 0.2% .27 run 6 181 0.4% 37
run 7 181 0.4% 25 33 pol ydextrose control =

WO 2008/085529 PCTAIS2007/060961
71

~ Relative glycemic response 100.0° 245" 50.1° 7.8
% Means in the same row with different superscripts are different (P < 0.05).

SEM = standard error of the mean.

Example 53
Six samples of resistant com syrup were prepared as in Sample 5 of Example 16

above. FEach sample was a 72% ds syrup, with the balance being water. The saroples
contained essentially no fat, protein, or ash. The six samples were:

RCS GRI1 (RCS, 72% ds syrup 70% fiber, 15% sugar) (“Sugar” in these samples
refers to the total of mono- and disaccharides) :

RCS GR2 (RCS LS, 72% ds syrup 80% fiber, 5% sugar)

RCS GR3 (RCS with 50% fructose, 72% ds syrup)

. RCS GR4 (RCS with 50% sorbitol, 72% ds syrup)

RCS GRS (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
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 thoronghly by shaking and swirling until afl syrup
was dissolvéd. 12 0z. (3502) 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?®. Each
subject undertook nine 1ests on separate days which included the six test foods and on three

occasions the standard glucose drink containing 25 g of available carbohydraie. Blood

‘glucose was measured fasting and at 15, 30, 45-, 60, 90 and 120 minutes after eating.

Tncremental arcas under the blood glucose response curves (IAUC) were calculated. Each
subject's 1AUC after consumption of cach 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 curve and relative glycemic response (RGR) of the products were:

IAUC RGR
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82, ;,45’ﬁA‘iaboratoryfsanple of pol ydextrose was
used as a control -for this test, and showed a | evel
‘of approxi mtely 82%fi ber. 10Exanple 55

'1-“;§%@ﬁkgﬁgg 4300 corn syrup (81% ds) was evapgraieeiAdo8eos

ess an 3% noi sture content by passing it through a
“hot. oi-l jacketed paddle nmixer at a rate of 77 kg/h.
The paddl e m xer rotor spggd was typically set for
800 rpm and the oil jacket”“tenperature was set to
210C. In sonme of the tests phosphoric acid was added
at arate to_give from, 0. 1%.to 0.4% osphoric acid
solids%%ﬁm‘ﬁpgg%yrup Q%ﬁ#éé? In sone%gﬁhthe tests
hydrochl| oric acid was ded ,at 25 o 0 m in place
of or NFSFHtion to éggjb %sphoriéﬁﬁgT%gp

Product_col |l ected fromthe tests 5 was
%Sso!\%“cﬁ@tﬁh . of ?ﬁﬁig%buffe{ %?r??d*mgbat ed with
mcroliters -of a ny anyl ogl.uc ase enzyne
( Any| odi%e%i dase Sigﬁgiéﬁ42%og #ﬁvg%%%¥§golution for
2 hourzg%%aégf; An ah&g%%%h&ron120 #Si%ﬁ%pcubation
was tr ith a snmal'{ ntity of” exchange
resin and filtered (0.45 migrons) prior to saccharide
di stri RES SRS anal ysi s 2841 19ui d chrovkt bgraphy. From
this analysis, the wei grcent of carbohydrate

ht
found tRCERREt as M s @Hﬁg?des and'$mHher was

quantified as digestion resistant carbohydrate and is

| akehed vafh HitRe s ers&rgﬁs Rkl eidafcaty (PWODAROBAGE =29 no
74 PCT/ U52007/ 060961 Sa

e 1/ ) npl e na Te CY9 Ef el
sy Fan Hferoiop BRUI=LBY, = D cL 3 246 696 79
run 2-3 210 0. 0%

Example 54
Sweetose® 4300 com syrup (81% ds) was evaporated to less than 6% moisture

content by passing it through a hot 0il jacketed paddle mixer at a rate of 77 kg/h. The paddle

_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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12 run-2-4 210 0.1% 43 run 2-5 210 0.1% 51 run 2-6
210 0.2% 61 run 2-7 210 0.3% 84 run 2-8 210 0. 2% 25
79 run 2-9 210 0.0% 11 run 2-10 210

WO 2008/085529 ) PCT/US2007/060961
73
Sampie name Temp °C  %H,PO, HCIppm %fiber
run 1 194 0.2% 43
run 2 195 0.2% 25 52
run 3 193 0.4% 25 62
run 4 203 0.4% 25 68
run 5 180 0.2% 27
run 6 181 04% 37
run 7 181 0.4% 25 33
polydextrose controi 82

A laboratory sample of polydextrose was used as a control for this test, and showed a

level of approximately 82% fiber.

Example 55
Sweetose® 4300 com syrup (81% ds) was evaporated to less than 3% moisture

content by passing it through a hot oil jacketed paddle mixer at a rate of 77 kg/h. The paddle
mixer rotor speed was fypically set for 800 rpm and the oil jacket temperature was set 10 -
210°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 comn 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 cartbohydrate found to exist as trisaccharides and higher was

quantificd as digestion resistant carbohydrate and is labeled as %fiber in the table below:
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0.1% 43 run 2-11.210 0.1%25 57 run 2-12 210 0.2%
53 run 2-13 210 0.2%25 62 run 2-14 210 0.4% 56 run
2-15 210 0. 4% 25 55 run 2-16 210 0.4% 50 62 run 2-17

WO 2008/885529

Sampie name
run 2-1
run 2-2
run 2-3
run 2-4
run 2-5
run 2-6
run 2-7
run 2-8
run 2-9
run 2-10
run 2-11
run 2-12
run 2-13
run 2-14
run 2-15
run 2-16
run 2-17
run 2-18
polydextrose contro}

Temp °C  %H,PO, HClppm %fiber

210
210
210
210
210
210
270
210
210
210
210
210
210
210
210
216
210
210

74

0.0%
0.2%
0.0%
0.1%
0.1%

©0.2%

0.3%
0.2%
0.0%
0.1%
0.1%
0.2%
0.2%
0.4%
0.4%
0.4%
0.0%
0.0%

25

25

25

25
50
50
50

11
79
12
43
51
61
34
79
11
43
57
53
82
56
55
62
65
59
82

PCT/US2007/060961

A laboratory sample of polydextrose was used as a control for this test, and showed 2

level of approximately 2% fiber.

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

ingredients in food products in some of the above examples. It should be recognized that

other slowly digesiible or digestion resistant compositions of the present invention could be

used instead in those same food products, although 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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| monosgccam &E‘E

210 0.0% 50 65 run 2-18 210 0.0% 50 59 pol ydextrose
contr ol 82 A | aboratory sanple of
pol ydextrose was used as a control for this test, and
showed a | evel of approxinddely 82%fiber. 10The
- preceding description of specific enbodi ments of the
vention is not intended to be a |ist of every
LAn‘fjgssmle enbodi ment of the invention. Persons skilled

1. i A ptdeessdisriprapadilg samhﬁrgielohgomdnat:ommrhm embodi nent s

b th th  linear
\,I—_\@l?JLeé:%ggrﬂwaélueoélg ifeteg??{rsl’éogﬁgn t éo ef)rlfs }«Mt D& ﬁtrﬁ:szﬂi%hande 0 1

ecl |gest|
di gest $aecfhaﬁ@5d)1%bﬂart agd rt;aohast a &ﬂsls apte:elm?@@dn af at least about 70% by
|ngred|e Siol N f 00 f V€ed i
exanpl ‘5%‘ bt asthBPﬁr% ‘% tﬁ%&ﬁ ﬁ‘,’ogtegﬁa ?ﬁ élt(a Ci{gg&n?% ed composition
sl oW ywilh gasdsi (blb eatﬁilystdtagasellexms thesats blakavags wp Ssinaticred glucosyl
of the gent. i nv n coul I
t hose g%‘lq‘é ar (510 z?-%@ﬁ%u? go caulsef gfo}%g tﬁ')l(? %gnéeﬂ;lz&em&hgnde oligomers,
char actRéréistal Iﬁﬁduaf cobpesifi@ods pmdld:@«b thahegptaisrayhighsr serpentration of
. degree de endi n he exact..na
i ngr edM RS 8% m“%ﬁ%?“%?% i i #%%a?%gﬁ'&%%%ld al so
be) B&ﬁ!@nhg)ﬂlb hedsp ecﬁnﬁdsmoemh]ah egyine thef avceler@Bs tip pakave:cleavage or
1. A p cess i ng sacchari de oligoners,
conpr i ﬂ“m g? ‘gﬁﬁgwﬁ an aqueous feed conposition
t RALorERMN, k8@ Step(b)) tﬁaﬂbdum eonmsubsxamﬂhar ionlexchangk: reswapnd wherein

sacchari de ol j goner,
concenttf PPEATGIO A TIh‘f—iwe(fg'tmp Spbolﬂlt géﬁg/c%ﬁhé gﬁ%\én ershhalve 3 degree of
a t enppslahetizariaf ofat lcagalnte adbisitat lt@sﬁ,'clb(alh 80% @m\mghit pga dry solids
the feed. conposition with at |east one catal yst that
accel eP4les the rate of cleavage or formation of

2. Ofrhe @Ryckss h@ngidmf Or wherdih ke agdebic feed tcotposiiins@mprises at least one
formation g non-.| i near sac qharlde ol i goners, wherein

at € O

oS fipsahierends Qe that contains a

hi. gher concentration of non-linear saccharide

I I de. ol | ;
3. 23%%3@%5%6 cF an I ear fhséagﬁ,p r | et- c?a(t)a??rs\{M g?ﬁgﬁazﬁ'me n%hgi{ %%e]erates the rate

ofdm&ﬂ@kmﬂﬁﬁ@hﬁﬁﬂ@ﬁﬁm@hﬁmﬂﬁte of cleavage or fornatlon of
gl ucosyl bonds; (c) contacting, after step (b), the
product conposition with an ion exchange resin, and
4, \erﬁélﬁb&si dif&:le@rﬁ Bpﬁlmmathe@nzylm atdetergotposietol dmavege of alpha 1-2, 1-3,
c ar oners have..a degree of polynerization
1-4, °rolf %I’chsélj“s"fl ‘é‘dgﬁﬁos? sesjgfl *} east about 50% by wei ght
on a dry SO|IdS 15basis. 2. The process of claim1,

5. YEE%%O%%QM?Z@@%%}L ﬁg%n%?n 03| tuclzoon ﬁgér?glarﬁeﬁ%gﬁ sition.

sacchari de ollgoner 3. The process of claim 1,

wherein th at a n zyne that
6. adbBepaeret %tssa“ E’t“ﬂé Y"g gﬁ&t gy %chmg s Q? o?ﬁa% on of

gl ucosyl bonds. 4 The process of claim 3, wherein
- the enzyne_.acce ates t he ra f cI \Y I h id,
7. 3 H6e Brped o Wnare ti i B plork Y AClE IMdhori ac
orac&ﬁﬁﬁgﬁ@@ﬁmm855 The process of cIa|n13 wherein the
enzyme i s a gl ucoanyl ase enzyne conposition.

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 is 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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6. The process .of claim1, wherein the at |east one
catalyst is an acid. 7. The process: of claim®6,
wherein the acid is hydrochloric acid, sulfuric acid,
ic acid, 30or a conbination thereofpcr/Bs20iiiRest
““%@@%@%%50f claim6, wherein acid is added to the feed
conposition in an anmount sufficient to nake the pH of
the feed conposition no great er than about 4. 76 5
10. The process of claim6, wherein the feed
conposition has a solids concentration of about 70 -
90% and is maintained at a tenperature of about 70 -
10. 90Chél procasg of HeincGnvizedin fig fwidtdemppréticadiagia sQlpls Torggatration of
rac of,.cl ai_m j L€y C rd ntactin
aboRgRS R P RRR h DB BLAE R o FL 0 POTP RS R conacin
withlfBe 3dde process of claim 1, wherein the feed .
conmposition conprises at | east about 75% solids by
wei ght. 15 13. The process of claim 13, wherein the
11. f edtlc porgosf diiord, cbampini thesridgsoprisey 3 combparoasi phesphgyic and
1deEL%EEacM.14' The process of claim1, wherein the
product conposition conprises non-linear 20saccharide
ol i goners having a degree of polynerization of at
12.| a8t plRLE St LifkinP 1 GRREENTHE 3LdaQBmPsitRh chBpsdes abieast atelPh5%
by mePght on a dry solids basis. 15. The process
soligf byckeaghtn 1, wherein the concentration of non-linear
saccharide oligoners in the product conposition is at
| east twice as high as the concentration of |ine o
13. s adh @Fdcers ofSlsim dgn*@h%c?m ﬂfef.eedrﬁ@mﬁfﬂa%g@wescﬁba}lﬁ 31, 90%
solld§/Glighet he product conposition conprises a m nor
amount ~of residual nonosaccharides, and wherein the
‘process further conprises renoving at |east sone

14." esipdYpbee 0RO SRES haritees fHeopfddie cpmpmiion cmpTies o dinear

by nmenbrane filtration Ochr omat agr,aphi c . )
sacTpign TR BT BRSO aD P IERT Biee e congeptration of
at 1RBQLRIB0RSS walechehid any Loliddbaisei n the at | east one

catal yst that accelerates the rate of cleavage or

formati on of glucosyl bonds is enzyne, and the
15.Pr oG Gtoce@IPESind 1,avhefetn theibseemetiin of nonfitac sagchanil¢ dligamers

. acid that accelerates the rate o I . .
in OPREAT SHTBRGS B D GEy1ep o Bef = g S RNANG, B tncar saccharide
oligo@gRosi tion produced according to any of clains 1 -
17. 19. A food product that conprises a carbohydrate
conposition that is produced according to any 5of
16.c| ait@grekess of Flaim 1, wherein the product composition comprises a minor amount

of residnal 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 cafalyst that accelerates the rate of
cleavage or formation of glucosyl bonds is emzyme, 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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18. A carbohydrate composition produced according to any of claims I - 17.

19. A food product that comprises a carbohydrate composition that is produced according to any

5 ofclaims 1-17."



