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WD 2004/ 081022 PCT/ US2004/ 007781 GRAI N COWVPCSI TI ONS

CONTAI NI NG PRE-BI OTl C | SOVALTO OLI GOSACCHARI DES AND
WORIMHORIS20F MAKI NG AND USI NG SAVE 5 TECHNI CALPEL/ER1004/007781

The present invention describes grain conmpositions

contai ning i somalto- oligosaccharides and nethods for

meki ng the sane. The nethod includes the derivation

of the isomalto-oligosaccharides fromthe starch

contained wthin the 10 grain. BACKGR(JJND OF THE

I NVENTI ON | sonmal t 0- ol i gosaccharl des MXs") are m xed

||nk§d%AB‘l CEMBOMHTIONB LONIAINING ETB(IQ]H JSEMALTO-

St ARDER A ETEES Of NSRS A U same

( ALGCs"). |somalto-oli gosaccharl des contain a
substanti al anmount of branched ol i go-sacchari des such

M%Lﬁég panose, isonaltotriose, _

Qse i sopanose and hi gher branched ol i go-
saccharides. 20 There is a nmarket demand for products
containing IMJs. I MO products are sold in powder or

ﬂhbcprbdemtdnmntdnp@e&ﬁribgs @nainteenmpasiiatedcaiginingaisooalto-
o555 e BRERES RGBT el ehlits 1P the

JEFRARNG] B usamaﬁaaﬂ;gomahaég fiohfthe stafdH &%tb%@rvlfthm the
(candy, 25 chewing gum chocolate, ice cream sherb

g83inup), processed foods of fruits and vegetabl es
(jam marnmal ade, fruit sauces, pickles), nmeat or fish
foods (ham sausage, etc.), bakery products (bread,

BAGKGROUNDEORBHENNVENTIONOked foods (sal ad, boiled
beans, etc.), canned and bottl ed foods, convenience

foods (instant coffee, instant cake base, etc.), and

AR Gos it B PIACRD assufibetinkEbg pihs 5P 0oy frevine

nﬂkwre@bﬁ M alpha raodlorg]l galmia giulcmﬁlbdg\kagefs.lc Fhepees aftspo known
r at t S, nade, col a), .

ap Girlovd igksdehossacibenass ¢ ALRoR \&ewﬁt&r&wsagchaﬂdes

[ y/
A T of S5 BIGGLAURTERs gy s somaloss

papps¢ dacineiotiiosesisamalioterasisiec sopadose andihigher branched ohgo-
% a&Ftt i pstick, toothpaste, internal nedicine,

?%ﬁ% 5t somal t o- ol i gosacchari des belong to a group of

ol i gosaccharides classified as 5 functional -health

food oligosaccharides ("FHFO'). Exenplary |MJ s
Theee isga market demand for products containing IMO’s. IMO products are sold

in powder or liquid form, depending on the intended application. The potential
applications are situated in the food area. Examples of IMO products are:
seasonings (mayonnaise, vinegar, soup base etc.), confectionery (candy,
chewing gum, chocolate, ice cream, sherbet, syrup), processed foods of fruits
and vegetables (jam, marmalade, fruit sauces, pickles), meat or fish foods (ham,
sausage, etc.), bakery products (bread, cake, cookie, pastry), precooked foods
(salad, boiled beans, etc.), canned and bottled foods, convenience foods (instant
coffee, instant cake base, etc.), and beverages, both alcoholic (liquor, seju, wine,.
sake, beer [International Publication No. WO 02/20712 A1], etc.) and non-
alcoholic (coffee, juice, nectar, aerated or carbonated drinks, lemonade, cola).

Isomalto-oligosaccharide can further be applied as ingredients in animal feed
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fructo-oligosaccharides, gal acto-oligosacchari des,
xyl o- ol i gosacchari des and genti o-oligosacchari des.
wo kMo4msteave been |inked to the increase of thePQENRI084/007781
wel | being of humans and ani mal s when taken orally on
a regul ar daily basis and 2fe classified as
"prebiotics". Prebiotics are defined as non-digestible
add péﬂﬁ)‘bﬁ@nm -fodddapplidatdrayeds &erdoshisticsarty inedlire
bi ol ogi cal effect on humans by sel ective stinulation
(cigargiteminstiek, tortweste;iiptersal W@nece@) M croor gani sms
either present or therapeutically introduced to the
i ntestine. (Przenyslaw Jan Tonmasi k and Piotr Tonasi k.

Isbﬁ@to%itydseacha‘imcba@mg)m afgréim eﬁbllgb‘mﬁéﬁded dassified as

80§2) 113-117) " action of
fusc '@'&%dtQﬁlithfP%@'Q%SQ‘@hlaH@?%éfé"ﬁq% @qmmiﬁ@'r lMaﬁ include
RbLIRBREL A Rl ORR ol idY Sl hcbfisd s anc

@mticr—oﬁmsacabamms elMa’'s Bave tebadinked to ﬁ'reema el afttee general
ith, so heal t h rom)t n 0 rtle like th . . '
weleing Sehrsans Aad Graels when BkenareRon & requiar siaily bagis and

afeoélgﬁélflt egQ&ﬁ)l@bl(ﬁl&%‘ P80t LA reAddfinédt &6 niﬁ%ﬁ%‘ﬁ leal so

assocl a h such diverse effects as t ul ati on
safstahees (engin dle’say\srtfmwma axelt -sommblotmgm efﬁee’sc)n humans by

ti I f
SERENG sPuBtop iE oA ottt ot BBREEE BMpargapisms gither
pFRENUE b BerapeRicamyintRdieBH 2o e FREStNRL | (PREemySiaw Jan Tomasik
prevention of translocation, the restoration of th

and Fielr Tgmasik. o?QO%\AmeﬂcgmAsa@ptatl@b|ofi|CQrﬁeHab§mlat$mdnc 80(2):

1Y R P eBliPaaY ot S N TERaech Rk S 1BRoab e

ndmbers oﬂbiﬁ@dﬁbedtbrla Mﬂd ha@t@bé(cuh (4dreblotic”)Bh ftihel mg@mﬁes@qe and to
Mcroflora, 7(2)(1988),61-69; Kohmto K., Tsuji K
regesihe FonCenifalion ai Putdtackve bagiesge Bifiiiehaciaria are associated

e T e
p#lhogkns, dhed by e jortriztibnidt 2y, aritamiicrabid) adil\ntyYa* tiey axe also
RIBRATD B QL GToTecs 65y o ios)iatpaorgf8Bmpune system
(eM%ﬁluﬁ‘ior dﬂoé‘émeé? We redRIPAYTIRe Y&Ue@oﬁ'ﬂ@%@@ﬁdé@ end

Pr ebi Otl C Bacteri a" pr esent e
cln@ieeﬁemlt ti@mbdaom@’ammm (Br@ra'ap) e geduction of blood

B0 0Bt T prarehieh B oo BR At he R IR St the

néfrBalYNFIBES bRGCamtiLnAcrobi mapwtabﬂ@ducmn of dlgestlve

transgl ucoggl ation reaction using ucosyltra_n
espanesdhe redistion of antipiptic assaﬁ%@cu@@l@. %@éﬁ (Kohmoto T., Fukui

Fﬁﬁ@kg'wc%'cﬂ foﬁHéM?&eﬁé“l\ﬁﬁbHﬁ?a ?thsw 61:69;

yti't ransEe reactions on 1 ncuba
Kahpm@ B drrsugidk. oKegekad’c hahibties!., élfhae BidscaBidtech ddioghem.,

5@(63& ?3%9”54'0" Péaneﬁo('%_| &QP\{%E)?OX l KikdcHi He?, Eﬂkl}i'ﬁe., et al., Nippon
Nogeikagaku Kaishi, 66(8)(1992),1211-1220, Park J-H, Jin-Young Y., Ok-Ho S.,
Hyun-Kyung S., et al., Kor. J. Appl. Microbiol. Biotechnol., 20(3)(1992), 237-
242). Modler, HW., 1992, “Compounds which enhance the growth of Prebiotic
Bacteria”, presented at the International Roundtable on Animal Feed
Biotechnology, Ottawa, Ontario, Canada.
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nol ecul e), producing i somaltose from D gl ucose, or
panose fromnaltose. The enzyne can also transfer to
W0 b@42810k2 or 3- OH of D-gl ucose to form koji bi oBET/082004/007781
ni gerose, or back to 4-OHto _reformmmaltose. As a
result of transgl ucosi dase ~enct | ons, the
mal t o- ol i gosacchari des are converted into isomalto 10

Thénmaﬁ%&gms&mhaﬂd@é biegyrithesized byfanoénzyme catalyzed

%(glosaccharl des containing a hlﬁg proportion of
trgn ysesyiatiqn feastion Nﬁ@@@@%‘llﬁ% apsTalasedky e drieligof

L o e
ahd amngercrﬁat:t&tglsmrf mubétlomwgbralphat -B-gloty-oligosaccharides. The
osacchari

trODHEY OReanpY edigntly & 6o (Vi GEapdh gt gapose

| .
5 A o RS 8o s o
eB2yrme g2an7ase raasfePixtihe 3-OhHor 31O of d2rglucose e Bows kejiliiose or
nigipE0ssh 65 DR ¢ AeSHHo RITGHERISSE e renidt of G siicdsidase
FOHAEORS, B EIS-NBSAe0hbAdeEare SR, i Rbrmalbuicosy!

nol ecu1 for exanple naltose, has a DP of 2. These
ot;g;moghaﬂ@eszm%m iniangjass of elignsacaharides eontainingadigher

o 67 oEGR Hua S ikoRo LG Rl AYPhRY arbfibard glgoose

nmidScie Bidim the NoA-Feduvih ehdle.gX RErdlpRas1,60\MIGEe8IHR linkages.
| munol . 32, 1093- 1105) and |%p%\r/e hurmna\%]nt esti nal 9

The drasepbicgsisese i A. aiger astsonlyanwpliqosasehasides) withya low

d 9 t
SPUISHBIFERER R (PTG 42l 18, oot
R&lséacbbb‘mﬁ(é%g)iweir@ Bemsen C.44.; B8)ly C.T., Fogariy W. M., J. Chem.
TR Bl 8RB 58 Bt PE! Pohaiy ot . w
Jé@ﬂﬁﬁﬁ'{lfﬁﬁ ' QﬁrboﬁerQ%% 6‘18@@?@)@7@ 2?0) Degree of

ucoanyl ase resulting in rmation o
pbhlomlzlaboolre‘i@ostcdmawmmr ofed exttrypseauriiB2 FoTlexahipi, a di-

TSR R o T
reReqring Yrﬁiréasé@aﬂ’é}ﬁﬁrpaﬁslm &@W SO0 R 1 & hel‘b pravent dentzal

G ai ns, including wheat, barl eéﬂ etc., are excellent
ca@% tRskimaatet.al 1985 d heceariasriphibitopr offree péi@%rrsUﬁahm vntro and

HTRPrAR. MEEDIF i i, IS 3] dn PP i

wi‘he@inaﬁaht:@ler@acttng as atgto\)vtkﬂfamdﬁ”(@mblmﬁtf@mblfl&ybwena
cont ai nj ng a hE%h | evel of maltose is also used in

(hRmptneerlolfiod Hierheiipamadapligesaceharidss svrean .f@pal hiora
R ML R 28, B8 ot "ot b pot abi e and fuel ).

am no acids, organic acids, etc and recently in the
Is'%mé]wo—oilgﬁ)onsacc:hgrtlJ é:st clze?nnge o%?a%écqu in different ways. For example
glucose syrups at high dry solids concentration i.e. 60-80% are treated with
glucoamylase resulting in the formation of isomalto-oligosaccharides mainly
DP2. The high solids levels are present to force the reaction to reverse from the

normal direction in favor of hydrolysis.



10

15

20

25

30

-food oligosaccarides called
i somal t o- ol i gosaccharides. In a conventional process

wo ero4t0812pr oduct i on of starch hydrol ysate, sSucPCEES2004/007781
mal t ose syrups, the 10 insoluple granular starch is
general |y separated from othet~cel | ular conponents of
wheat prior to the hydrolysis by starch |iquefying and

Gralrisp geiuding Whiaat, tm”fkiyastas aBMEBentN‘EW msmnass i the
di sacchari de conS|st|n of ucosy resi dues

cpMimegiabpreductione gn%mbgalae @dﬂﬁa lf‘d@‘é“%@difqoéﬂ ingeedients such as
\AI?HS«E%IE) lrfIS grt s'té(}cﬁ h@tan?{Wr%%ro@% a‘%l (Qﬂjc%b gﬁﬁ@tﬁgg aﬁllbﬂ gﬁ%}tds%syrup,

uced oh a s syrup
ete.yahdhdah ghasrr é8yrgp adetaining wmlghyevélfaxf |n¢ajmsE€&i; aBoaused in

Syrups e drawi n consi derabl e inter
nz%}%f%sfyﬁl smeniliané s 7 AateRgaHs0e Fhihe Rrodusian ef aptibiotics,
gﬂé@&atlﬁi’é‘f\%ﬁ&h%aﬁ%cﬁé}ﬂlc‘éﬁ h&foh 08 8R4 BSH‘P}S&QSIe and fuel),

stries. 'Utra pure tose I's used as
alnnno aciEiso ogganic amdst etcranlb:mantlyz:a't ’ddemmducluﬂvot fuoctiarfal health

o Sidasesrsndds ealiedispmely otlBesraniidesgin praryentons
PPy’ BRthedSORlBtGh Bﬁé’tafﬁhw{)%bﬁi sieh dsr}?léﬁ?ééé Q}rups the

production of isonalto-oligosaccharides (J.
ingedulde granulansterd) isigg@raliyrsepargladdoayl Qihemelbmar components

oo BroB BRI I8 AR P eIy R s ptiht anha

aPOINSIY éipfdhe’ DRfsSe isoa diszech&idl ebh$istid oftway §ldcosyl
hydr ol ?/sate such as hig mltoseqw%ﬁdﬁ t he i nsol ubl e
?

r@%lﬁu% nlseckeqbgrhﬂé&gbmoétdlq inkage | $naalipgt in the family of
rGHREIEA a0k pootkebenaIIeae SR syrp oy and

c@irst&ierin éemBgraddsuﬁ duirith et;faﬂommltase Banigd m drawing
rol ysi urifi starc

CPF‘g‘a %}r&fw ﬁfC'%Jﬁppiéof therﬁﬁwaﬂg IN@psert drink
c%hﬁﬁ‘l ! %%%Eﬁrﬁf% ﬂd’ﬁhéffﬁ%ﬁ@be@&bgé%m?éﬁemm pure

basi eated to a terrper ture o t ween
ngftoSedn diseéd @s@rOntravendubnlirizat int Japast. aCataldicdedustionof

%'Le%%?r‘é?ﬁﬁ#ﬁr{%ﬁ&?r FBEA0E catpl it i Be el S pives Efer.
?}é %h enddR @ru;ﬁ 8BS Moc¥fl=2d R4\ 8BArZA erial for industrial
PCT/ US2004/ 007781 - 5- car bohydrat e conposition using

thn@fmm@%%@@s:ﬂf@hﬁgdwﬁy%ﬁlﬁrw%O f.!uln@aero 1999

@le n e lcu%rg%l?ﬁﬁg r%ﬁgd 10 g@&% g&@%r e%d,e E%ﬁ% %é% %t 56tR"Btarch

Cueveation,elnesld, Geanahpo mal tose f3 Anyl ase (soI d

under the tradename OPTI MALT BBA from Genencor 5
Internatl onal, Palo Alto, CA) for syrup containing

I t A,

BICAREn AN ol 4750 ORI PGy ARl B adich
nzvanluhsel symumfthdemscdublblsh@chﬁsyepar(amﬂ driontbethetHyerolysis by
trtmér?ndoesrt]aabqg Iigag#y%xallbhéoa%)ylases [EC 3.2.1.2,alpha (1,4)-glucan

glucanohydrolase] derived either from Bacillus licheniformis or Bacillus

stearothermophilus. Hydrolysis of the purified starch (refined) is carried out by
suspending insoluble granular starch in water (30-35 % dissolved solid basis
[dsb]) and heated to a temperature of between 85° C and 120 ° C to solubilize
the starch and making it susceptible for enzymatic hydrolysis. The liquefied

starch is further processed to manufacture starch hydrolysate with different
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from Genencor International, Palo Alto, CA) in
conjunction (3 Anylase is useful. (Faigh, J.; Duan,
w@20048800hm B. and Shetty, J. (2002) "ProductP@Grusioos/007781
Mal t ose, 10 High Maltose & Very H gh Ml tose Syrups,”
Techni cal Bulletin, Genencor¥nternational Inc.). A
process for converting granular starch (refined) into
c%ﬁdd?@ﬂd@atb}cdihqureuﬁm specifibahalttsevprotdubiagterrzyfles such as
pha anyl ase at a tenperature below the starch Is

fw%ﬁlnhazawlﬁsiet(éﬁlﬁéi nitkee redgpametCleMRASEL figm Benencor
Ak MRS S S Bl ot an S Thatose, p

tose s ave

Amylasé ésbld luadehthet tradiert=hi® OFS IMALT BIBA ﬁomzeeﬂélﬁic)or

IRRTAOpab S Hilor 648 Tk SYTHR coBIaing AHoScetiant beteen 5%
ahd' %é?\'dQEsé ﬁ%é‘;’1°)9mg;,d"86%b°tﬁdr%erﬂ\félf’bf’ f |e%%¥{uzf >62%,

produci n t 0se’ syrup’ usi ng
a(dgldlom]tmfrdemaincﬁmmg emeyinb;(sdnlyldmuleyﬁn@tradem@ne OPTIMAX L- 1000

flod GRPeRgRY enBbnaty el Bke Gahicirididinnds ARapBgs & useful.
(IEQ ﬂgJa'DbaH 8.; 8abhmNEB. ndldhep. (M@F“Pro@&ct@n of Maltose,

ocess i $ CUﬁbEfSOﬁE expensi ve and

nglq Maltesetd g/erys bigh Mealtose Syrensat CechiniomhBullesn, Ggmeucw
hi gh cost of the additional 25 naltose

I@&E@%@’?ﬁgﬁ@ Zymss hi gh tenperature treatnent and

'onger reaction tine. European Patent Application

#0350737 A2 (Shinke, et.al 1989) disclosed a process
A @focgﬁéa@mqweﬁmg @r@@uwlslﬂrcquiuﬁ@fibmq salyble hydielusate by

indtcibb it Boe alphe Bl ot Rihnerfind tuididng tRgLh
@ﬂamz(aj@hamnmezaur@(i_éam edvs d OB8; UBdRet{ dlot Mo 3509 ayid

er at ) ysi,ng an al pha anyl ase_ from Bacill us
SUBERAUAH AP RERNFS (Y DHlp ABUERS Craolhga gt Tlioss svep have
b{e%ﬁ%@éﬂed RL@ac{WéttéISI%?‘S%Q e i%' 5920 ai'%) ”Hofvb@é?f oY /§yrup

e syrup al so contalne very
pmdlumd by)seck( pCB6syesuites |pr<mt3e§5 % mwseem‘ the tetarsugar

|
Bt i aoistu PR 86! eknteBien, 4o Fisgosds 8 Binaustly hioh
rhA =L 6P usMy llReAes Wiaeh ¢eabAhIRES Solvidd by hedRllyeM using

mal totriose is not a preferred substrate as carbon

thessapstableeighapawviasicals deseribeddniBiispeait Pagem g prligation
#@!9@?)5% l({:ﬁﬁg‘i;% E@Fs 938{3%{ ankaelﬁ@%toﬁotgeh‘l’i 859 (Nlmml

iculrti es totriose. “\al tose

eh.apn 092, r'Hek dmssq‘é c@hbecwﬁhe r@@edsﬁeland ibeeduires the
transgl ucos tion reaction catal yzed
S&P@E"ﬁ@ﬂ qf r%%?%eff% sthercellglar sPEMPRENE: h'QJ’f cost of the additional

r

%Iﬁ{%?r %ﬁdgglgg%ﬁa@% A S[@)E‘lzto é{hegﬁuréﬂ%%weﬁlr%@ lorger reaction

tiktke .t BundpegoskPatehbAppicationRHSS0 77 dsk{8ladkatetZ011889) disclosed
Starch . . -

a process for producing maitose syrup by hydrolyzing a granular (purified) starch

from corn, wheat, potato and sweet potato at 60° C without the conventional

liquefaction step (gelatinization followed by liquefaction at high temperature)

using an alpha amylase from Bacillus stearothermophilus. However, the

hydrolyzed starch resulted in a maltose concentration ranging from 50% to 55%.
The syrup also contained very high level of maltotriose (30-36%). The process

resulted in a ratio of maltose to maltotriose less than 2.0 irrespective of the
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Convention, Detnold, Germany). U S. Pat. No. 6, 361, 809
described a "method for producing maltose and a limt
waleootiogre2by treating the purified granul ar waxpCI/0s2004/007781
mai ze starch with a hydrol as% mal t ogenase al pha
anyl ase classified as EC 372 1.133 from Bacill us
st ear ot her noohi l us foll owed by separating the naltose
sasicegpfithe starth] Maitosersypumpcerstainihy afdglatdvehobiattoiose is not

aguetiies SHOSRY as BTN 168N aramisop B e VpsHigHding
tHe Si€oRbI Bk éﬁ@tl\l\hm@aéﬁ})gééu@of the dIﬁlEﬁhl&é ‘i’ﬁ‘ﬁ'|e{té(kgohzmg

grains suc sor ghum
nattetiose. pialtdseds arprgfermubdmcgrdlghscomybrm&cb inrthe

tBRSer RSl BHCRG cotaNaat Y SiksaoMuPbsfergsesrindBs easduction
ogrsehfaﬂtoa&mb@&érmeeeut ROShERRANhHYD di. 9est&d, §go@! ay an

effective Tole as prebiotics or even as
“Transgluieasylation of MaltptoligasatahanidesgBapenpresanted at 50th Starch

crBvedit Retffi GomnTot! o Pat NG Gaf) SiPiedofbpd a method
foripro@ficing andlfdesardl a Gt dedith BW@aﬁ:hQ'tﬁ’e puPﬁle@grékﬁ% waxy

Dietary nodul ati on of the human col onic mcrfl ora:
makze siglieh wifhtehydrelaseemaliogepassalphacmylase Rlassifiedzs EC

34t ? ]13é4f|]cfr?1 'Ba?cﬁluyg‘?éﬁfoitr?erﬁ']o%ﬂﬁ!hé %”o“%aj %&Sé\ﬁr%tiw the maltose

ubingrodira dittedtiopgsracedwr Emran@ry gRtHecdiluty peehbardcdritaifing the
the source substrate, e, grain or tuber, wthout

RlpRAGS PYPRIIHR heeaSROTITIER eRSTakmAREralep fadgs a very high
rlg@ﬂﬁﬁnﬁﬁb%l%ﬁfa%néﬁﬁﬂ ect the starch of the substrate
to hight

enperat ures of jet cooking prior to
transgl ucosi dation action. There is also a continuing

ro ssesfor m,nj m, the .
TR drlinsaich B Rbam) R ShonRe (HHeL Bifct Fadihpegicularly
M@IH% EHES altd @SR inrHLﬁﬁt‘Rﬁﬁ és c%e?@%ﬁﬁ%%@%d migro- elements,
PCT/ US2004/ 007781 -7- MVARY OF THE | NVENTI ON The
pmt@mnﬁbcerrﬂmhwtammaes'rm mejoriy n‘ewr@al gmnmmeajedﬂio be too

A ATRSRE T RRSTFERBNAT ol A SRR SR F2hireceutiats
|1s—ta@rt§éemmgg@swmmamd@mgnmggemeumuy ﬂﬁﬁme‘d eNZYMBeaifle deresls
starch' 1|1qg ¥|ng enzyme to produce_nal tose

spitahla esi mgb@ap@ e Eigia nacrqﬂoaa\é@lm@aseeﬁcang Roberfroid,
ME'BZVI@S méﬁe@oﬂph%ﬁ%ﬂﬂ? ﬁé?n ar C(Zrﬁlg%lém)rémgﬂfoo%tcm% the

erafure [atini‘'zation

cmmmmmmotlwm (Motr.otﬁalmomg'i‘m@)a grain conposition
havi ng an enzymatical ly produced isonalto

ol i gosaccharide, wherein said oligosaccharide is
THEF Msecdrhtrillisdtiner@sBinmethods for producing grain compositions with

* isomalto-oligosaccharides enzymatically derived from the source substrate, e.g.,

grain or tuber, without having to separate the starch from other grain
components and/or subject the starch of the substrate to high temperatures of jet
cooking prior to transglucosidation action. There is also a continuing interest in
low pH processes for minimizing the risk of microbial contamination. The
present invention addresses these interests.



10

15

20

25

30

Optionally, in one enbodi nent, the steps (a) and (b)
occur concurrently. In another enbodi nent, the nethod

wo cwotlogro2: ncl udes a step of drying said grai n PEI/US2004/007781

conposition. In another enbodjment the grain is

sel ected fromthe group consisting of wheat, rye,

barl ey, malt and rice. In another enbodi nent the grain
is selected fromthe group consisting of sorghum

th nmbodi t, th
Sﬂl‘hh&%ﬁﬁ: iH%y%\hg’g? e?g aﬁyl gsle.nelnn ano?her
enbodi nent, the naltogenic enzyne i s endogenous to

said grain. I n anot her 20 enbodi nent, the naltogenic
enzyffheim’eseaugemmmrtdnmbds grragthodl for evakitgean isomalto-

S T

t I
e e

llgu@‘am@temzrqu)m presiuce maltaseh dr) combtactingesaid maIw@e with a
osidic en

tah IR SR fnd; VTR S sld33] i 330 Bl ot 2
télapéredihel |6 SSHRFPET &ti 4 biasch HBlaBniehtien t@ﬁb@@t@ﬂénbndw)eobtammg

transgl ucosi dase derived from Aspergillus ni g1
afainaMRegten havingsm enmymaicalik Rroduseenisosna fhcl udes

ol LfaRBROL I SR e A gL 12O B g
i nvention |ncludes a food additive conprising said

ai n_cqonposi ti on descri bed abo 30 The resen
qgmwﬁtly dn cppnbedipantde st %@%@nﬂdp ﬁﬁw negPngyrrently. In

ahd SR lehbo kAP SRS ‘ﬁﬁ“@:f\ bg 1 rf‘é?ﬁh?f]&é’s b8 B aFylng said grain

tenperatures at or e gelatinrziation
compesitianurle ammmrlmn!awdmm@étlm ginsiirz Bsosedectied fhoam ity geoup

endogeno 004/ 081022 P /USZ 04/ 0077
SRS GhngRL rEreeye el ol AnasT RGPRRY e the arain
|§§éléétbl‘?rcfrﬁ 0 5?&!;i tdtSsidtihg oF éb@g'ﬁ@ﬂanmﬁitt&@enc%’ I'laRanother

he nmaltose syrup is contacted Wth a

emtmdygeut;@z@ melegedicrraynreisa beteaamylese  nssother

cfchtaft 1B Biebsfenls T B oo BT LR1S BECTelf h another

cAESiMmBAS fitge ARIl@ENnicasn2yaid RE@Qehs08® E9id grain. In another
ol i gosacchan des enriched flours at tenperatures at or

eprhosiiment tae ptarcihligyefyingrenzyBifisra @'Pba\ﬁrﬁ’é)"@ﬁ% dgrved from a

Bé%gﬁ%gtlr? \/\}?6&%’ Q{)n%cfh Pm%\"mté{l@e )éfé‘{?lg ﬁﬁq@g@m@n‘ié’ G rfved from
BmglebdlbhanMIg oaBacxﬂus stearothgriopbitds genansther embodiment,

B hSRE AT S en AT, hSho Bl Bokamags e
t@N3Y B0 SiBbES iLdefiVeIMrEIRCASIErSIS. In another embodiment, the
transglucosidase derived from Aspergillus niger. Another embodiment of the
present invention includes a grain composition produced according to above
described method. Another embodiment of the present invention includes a food

additive comprising said grain compoéition described above.

The present invention also describes a method for making an isomalto-
oligosaccharides enriched flours at temperatures at or below the gelatiniziation

temperature wherein an ungelatinized grain having an endogenous maltogenic



produce a maltose syrup. The maltose syrup is

contacted with a transglucosi dase to produce a
wgadvsosmee (tuber or grain) conposition includPemus2004/007781

i somal t o- sacchari des derived j herefrom 15 The present

i nvention al so describes a hod for meking a wheat

grain conposition said nmethod conprising: (a)
eaaymecatrerwnmtemwmt saﬂubmwng/fmymega;eiecteudmm@ lus to

ogeno mal t oge bet a- anyl ase and
b OSSISM %@H&%Oﬁﬁcﬁwlﬁéﬁ crqnﬁéﬁé uce

[
t%?%%sg Peides 15 BRIREE Jouidte E%QEEQ%“‘;W%%F’@S“@” flgjucing
ismrcalto-asccharidesplerised tlerefrem.t han wheat gel at.i ni zi.ng
tenperature; and (c) obtaining a wheat grain
conposi tion having an enzymatically produced
'Fh%%%éﬁrlﬁ{/érﬁ%?ﬁé}%‘%b's&%es tRbA f len an isomalto-
i'gosaccharide 1s derived from sal at| ni zed
oggwacchaﬂdepenum&d ﬂoursmtampaesrtumtmmr w tie getatinizéation
uses the above nethod for naki a grain
TBPorR AR e o8 Uaghiathired SRR g Al stoRERRSSS MdtBgenic
e'nﬁ ﬂn@ctameat Harle), RS hixed WiRHengslstigedglain nofabbling
odi ment i ncludes a flour co rising the grain
e@dﬁg@@ws paltageniciepaymesded., sorgnuey, milleraer igent the grain

R3S 3R S SEBT I S56RIS O e

produtesd nisogdisyrumnTho ndliose sypupls corigetetivith somal t o-
ol i gosacchari de above. Another enbodi nent includes a

tr@mgww@éﬁﬁ%@ prasicechpiipairaly (WhenAperan) sarmresiienineluding
isOH %J?d sé@@fatrld%g‘%ien%@m r‘éfroﬁ{e' gosaccharide, wherein

I soma ol 1 gosacchari i s enzymatically derived
WD 2004/ 081022 PCT/ US2004/ 007781 -9- from sa| d

t | th di
%ﬁﬁ@?@%ﬂaﬁ& o0 eSS & Mt har AR POV VGRSl Sy
ﬁ@%.t%esa@ﬁrahé@cempa@ﬁ@c(ébaddrﬁget.ng%rpﬁ%bﬁ’ﬁk@lm%at
THE FIGQURES FIG 1 is a fllowchart describin

graiodhavingran endogenaus matipgejus bethamythse and aatw@h liquefying

BB i Sl PRt SBURER b SRRl oo

viilroal [ran&ET%Q&%@%émTém S@Fps @ e\t (EMbeclp at 2
Definitions The term"grain' ers to ao;olant whi

terapgraigrs les%Hlaawhe@e%atlmeungatgmerature an
grain composition having an enzymatically produced isomalto-oligosaccharide,

(c) obtamlng a wheat
wherein said oligosaccharide is derived from said ungelatinized grain.

Optionally, in another embodiment the method uses the above method for
making a grain composition for making a food additive. Another embodiment
includes a grain composition made accordingly. Another embodiment includes a
flour comprising the grain composition described above. Another embodiment
includes an isomalto-saccharide made according to the method described
above. Another embodiment includes an oral rehydration solution comprising
the isomalto- oligosaccharide above. Another embodiment includes a grain
composition comprising an ungelatinized grain and at least one isomalto-

oligosaccharide, wherein said isomalto-oligosaccharide is enzymatically derived
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nonocot yl edonous pl ant bel onging to the Poal es order,
in particular the famly 20 Poaceae. Exanpl es of
w@b@aws1opel ongi ng thereof are plants sel ect ed PCDDS100€007781
genuses Triticum (wheat), Hor deum (barl ey); Secale
(rye); Zea (corn or maize); - vena (oats), Fagopyrum
(buckwheat); Sorghum (sorghum or mlo), Panicum or
froat @éld&:r@@létlrﬁiecbgrai‘r&gin)anoihe&mbadmﬁémt(the praif Tokgposition
exanpl e, in one the term"wheat" refer
caniginmgreaterdhand % evmgm f et dpastone lﬁe@aﬁpﬁgpﬁa@aﬁge
a strain of Triticum aestivum For exanple, in one
enbodi ment, the term"barley" refers to a plant which
is classified or once was classified as a strain of

vyl 30 F xanpl e, in one enbodi nent,
Qwﬁﬁpﬁﬁﬁﬁéﬁﬁﬁga pl ant which is classified
or once was classified as a strain of Secal e cereale.
For exanple, in one enbodinent, the term"corn" refers
Fi@ 4 ipadiotvohartatescebingshe Ipasdudtioacbfisornalie-oligssaccharide
SSI EI ed as a strain of Zea nmays. WO 2004/ 081022
@%08W4/ 007781 - 10- For exanple, in one enbodi ment,
the term"oats" refers to a plant which is classified

or once was classified as a strain of Avena sativa. S
FiGr 2 éscanplher flowcbaré deatriingde pradustior ofisomaliosbligasaccharide

nt, which is classified or once was
ebﬁé@é‘?%&??g@ug stral n of Fagoprvum escul entum For
exanpl e, in one enbodi nment, the term "sorghunt refers
to a plant which is classified or once was classified
D%T%"-&D Q@@'@P&QEWEJNUﬁN“Q*or exanpl e, in one
enbodi nent, the term"mllet " refers to a plant which
IS classified or once was classified as a strain of
DREnliggAeM | i aceum or Setaria italica. For exanple, in
“one enbodi nent, the term"rice" refers to a plant
T‘N%'t@ﬂn"‘gr];anﬁ}sre?érgsté' f;ﬂlgﬁit \%lcﬂnscﬁla‘é@ﬁl Bla%saglﬁér‘e%qjoﬁés 3

za sat t er ers

nmmweMrnmmg@an’f Igdnngrhg rto elxamla@%ornet an partioudaatthe family

Fisgag; AT REE R Sanisfsibng B Testl o Planis gpiScisd fayp the

{ + It
e e

Ayena (eei=di nagdoragnd huakwingsd); @IMQO@JW o0& milo), Bamicum or
%’f&% rﬁEﬁn OrFarb‘?),E?@zas%%B. potato” refers to a plant

For example, in one embodiment, the term “wheat” refers to a plant which is

classified or once was classified as a strain of Triticum aestivum.

For example, in one embodiment, the term “barley” refers to a plant which is

classified or once was classified as a strain of Hordeum vulgare.

For example, in one embodiment, the term “rye” refers to a plant which is
classified or once was classified as a strain of Secale cereale.

For example, in one embodiment, the term “corn” refers to a plant which is

classified or once was classified as a strain of Zea mays.
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25 is classified or once was classified as a strain of
| ponf oe] a bal atas. For exanple, in one enbodi nent, the

wo esoaio8ypar refers to a plant which is cl assi PCEUSIING/007781

once was classified as a Str—%hﬁ of D oscorea sativa,
D. villosa, C. batatas. 30 e termsubstrate refers

to materials that can be enzymatically converted to
mal tose and thus MO s. The term "substrate" includes,

e, ar ains.and . Furth . the term
"B oo RSN ISR o’ tlarsio bt nsisnv
CREBIeABA0SAeRNAS UBREMEH R Sfainldi ARInaUORRLI Shed) or

tuber, such as whol e grains, brokén grarns, grits and
flour and any plant part. The term"starch” refers to

i:al ' f,th | 5 | accharide .
PO XERIFRE. i onE B RCR ol et S ihezty reféis taaiplant which
isolpbsified b onceivids dlassifiad aylaastféﬁwipga;?%ug:gécﬁh@tﬁm
5an be any nunber. The term"granular s ’
05 eéﬁ'&‘&i@« any oppﬁmbgq:g\e@h thaerem ‘saghut réfesnto & pleingethich is
i ni - . vgel atd ni zation" refers to
Cle SR ot DrasdiBd 8 e ot Sl Kigiof,

Vi scous suspensi on. The phrases "substrate", "grain"
cont ai nif el atinized starch" refer to

"t uber"
P exuBliin A6 entagifienh e fmpimilet  riiioehpiant hihtis

clagbified to?dnke w i starch :
gerartn za URBEESEN 85 o S of Pebltlhh hlfa bl B setaria
itgi gel atini zation or |iquefaction of the starch
contained within the substrate. The term "nmal t ose"
refers to a disaccharide having two glucosyl residues
Foi exarrplebin aie ahibddinke b ] .
ter "?somal tose" ref e';ké %%{%ﬁgﬁggcﬁfgiﬁ?ﬁgﬁ?%ﬁm
claﬁﬂﬂ% $I opes Mihgedassifietkasl alsfraim ohDpyeza datfvaD- gl ucosi di ¢
| i nkage. The term "isonalto-oligosaccharide" (1M
refers to sugars having at |east two gl ucosyl

Thetsrdutber refleesiiony sargiastbr @b?‘e‘?ﬁ(‘f | &xdnf

tth{a non- r educi n& ég gf]%. ﬁg addi ti oﬁl %edrmrﬁ]fgza?%ét?e ,ése/vseet
PR30, YEHuIBRAPG i hiosmes| ygerellins of Bdemdergrouhdisiate or the
disiaveRd dpatiogl pha 1,6 and al pha 1,4 glucosidic

| i nkages. Exenplary isomalto-oligosaccharides include

i sonal t ose, panose, and isonalto-triose The term
nposition refers to

ol hari de" .

o G B HsE ST PP e iniedEr, Poctp Bytars dasinlovisuipiands

classiftdd of ofde Waa elashiffda(3¥ é("_s@%irpéf §6|Hﬁu?n%8}gro§§ﬁgr
content as determ ned by high per

For example, in one embodiment, the term “sweet potato” refers to a plant which
is classified or once was classified as a strain of Ipom[oela balatas.

For example, in one embodiment, the term ‘yam” refers to a plant which is
classified or once was classified as a strain of Dioscorea sativa, D. villosa, C.
batatas.

The term substrate refers to materials that can be enzymatically converted to
maltose and thus IMO’s. The term “substrate” includes, for example, grains and

tubers. Furthermore, the term substrate includes all forms of the grain (polished
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chr omat ogr aphi ¢ net hods. WD 2004/ 081022
PCT/ US2004/ 007781 -12- The term "nmal t ogeni ¢ enzyne"

WO 2§0e/08102 an enzyne that converts starch to PEl/USHE4/007781
Exenpl ary mal t ogeni c enzynes 1i129I ude fungal, bacteri al
and plant derived al pha anyl'ases and bet a-anyl ases. s
The term "anyl ases” refers to enzynmes that catalyze
Qrispeyished e taber, ssichestvdwle graiast emieh grpine; gitelasieflour and

éﬁfz&éﬁ Fg%,tenzymas of the class (E.C) 3.2.1.1 and/or
2 11 that catal yze the hydrolysis of
al pha-1, 4-glucosidic |inkages. These enzynes have

al so been described as those effecting the exo or
Thedlerypdistarghi eeferstto pny-maishial comprised bfithe tomplages in

FENSERRAEHAE kBT AR Bt PRafs, oBulRey wtebiipteans asyiopecn
| Vﬂ’ﬂfﬂmrmelegdoeenaemsmerem@ahqye/a@rﬁum% i ncl ude

al pha-1, 4- gl ucan 4-gl ucanohydr ase ucanoﬁydrolase.
The term "beta-anyl ase” refers to enzynes of the class

" i t e hydrolysis o
e o, Spputarsblal R e IR o st b et been
sUhgest iegelptinizatian.cTied Bombeeintitationd pstenstd S18Silization of a
ffECtl ng tqe hydrol ysis of 1, 4-al pha-D-glucosidic
SEArGR YIECHIR B&P%@é‘c SFSP8BsIAt. t o renpve successi ve
mal tose units fromthe non-reduci ng end of chains. 20

The term "transgl ucosidic" enzyne refers to an enzyne
Theaqihrasesi'substratest fgraing dr tuper contaliningantfetitini RAL$tafdte refer

[ Q. tion Wi,t h al pha D-gl uco- oligosacchari des.
t‘%@@#@\%@'”&%ﬂ&stﬁ [l Q&HE@@W'\%&Ma%&e%@ﬁ%temperatures
gtduteethapf thehgachassatifz4toh t@nﬁ:e}at%ffes ﬁ/hﬁ:h’ respilt in effecting a

D- gl ucosyl transferase. These enzynes have also Been
geifisization ®riiquefactian phthegstaseimeontained within the substrate.

6- al pha- gl ucosyl transferase and 25

ol i gogl ucan-branchi ng gl ycosyltransferase. The term

Thebean Cimaltgsenzyare to ef disscdhari ¥
gs€ney &@rlaém&?@élué%ﬁ fré%lﬁgég finked

hydr gl ysi,s of = al pha-1, 6-1i nkag enzyne o

byjen P%?dr%EbQWPQ%dwémbggeu| inthis regard. An

exenpl ary enzyme of this class is a pull anase, al so
known as al pha-dextrin ao endo-1, 6- al pha gl ucosi dase,
The gnmn Seemaitnas'ersfaistio amﬁmmaeidamm%amd gRess¥Residues

.1 6-0l ucanghydrol ase. Additional exenplary enzynes of
'“'3‘?%* Ry QQ?'@'@./%@) b\@*%ﬁ?ﬁ? BRNEEE PCT/ US2004/ 007781 - 13-
3.2.1.41, e.g., pullulanases, [alpha-(1-6)-glucan

6- gl ucanohydrol ase, also called
The gwaa (isomiplgtaligosaetheety” (IMO) refers to sugars having at least two

glucosyl residues linked by alpha 1,6 glucosidic linkages at the non-reducing
end. In addition term term refers to anomalously linked oligosaccharides,

saccharides having both alpha 1,6 and alpha 1,4 glucosidic linkages. Exemplary
isomalto-oligosaccharides include isomaltose, panose, and isomalto-triose

The term “isomalto-oligosaccharide” grain composition refers to grain
compositions characterized by isomalto-sugars level of at least 1% (W/w %) of
the total sugar content as determined by high performance liquid
chromatographic methods.
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The term "starch gelatinizing tenperatures” refers to

a tenperature sufficiently high to effect |iquefying
w@rooges®e: ni zati on of granul ar starch. Heati ngPEI/Esm0¢tn7781

in 5 water causes the starch granules to swell. At

sufficient solids concentratil , the swollen granul es

occupy nost of the space and a viscous mass, called a

Trasteem “natiogehis. erSyimdlireferato an epizy steathehcﬁlw@wétardrﬁto
|1 ed gel atjnization. Gelatlnlzatlon I S acconpani ed

rﬁslt%ﬁq xergplapy MaltoospisRzyMAsdneldmfyngalcbacterial and plant
to the tenperature at

c%ﬁiv@ﬁ d&“ﬁ @g@%@%guﬁyﬁé% The term "starch
Ilquefyl ng enzyms refers to an enzyne t hat effects

fl.ui d| zat | on of granul ar starch. Exenpl ary st
11 &ieENy PRy 1Ay ﬁ‘%@’r %@W@W%ﬂ@ﬁgatﬁwed@@éw&rdw@ of StarCheS
cI ass (EC) 3.2.1.1. 15 The term' end_ogenous refers
THe fehe '@Wn@m%gem@ég&@r&nzgﬁqé&ﬁ tHb &1dbsqE. g%eé 1.1 and/or

wi t hout having to resort to adding t ni.c
F2yHa3 thet calalygedha. hydh@ysleDifr\aipdsbaegérgjusd&élnzlmkages These

gﬂ%&ﬁ‘?% r@%& %?% B? ¢ m?gtﬁgﬁ ?fi ag ﬂ%ﬁ?@%ﬁ ?Cﬁlgp Jﬁdgter)]cpg%r endohyd rolysis

of Xadrplpha-DRJ | Suasdic ﬁnR@g@J‘Wpﬁfﬁﬁsd&haﬁd&@ éﬁﬁtairﬂng_h%alpha -linked
W | d-type substrate, e.g., rice, ml etc term

D-ghicase sifsr Avetheriermusedrie degcmb%thaﬁpaﬁnza{mms glfcogenase.

ARl R Mo ol 4B RN AhibBhyarape o

ghhrmrmtwdm‘lasaorml tose, panaose, isomaltotriose and
branched sugars greater than DP3. The | MO Nunber
provi des an indication of the amount of | MO conpounds
present in the conpound or solution. ao The term

THeaﬂehﬂ “Bétabér%gra%@d rei’fé%!osenz(%ihf%?f)thé%‘%ss(é e r?pé‘s 1 d?EHééf

of maltose resent grain as coirpare
cetalyzeing hyd‘rolwaistaftaiphmé,ék opsysidicdinkapes nelebsing maltose units.

TSR BB 58 DR HeBBiind o8 Bt et dinagne udrqess of
1P aRiha- D?%cdﬁ‘rﬂlb IlhRé§é§|nt @olgﬁﬁ;cﬁﬁﬂééé sBfas t@ﬁébﬁme successive
contained in 10 mM of a 5% solution of the sanple

iaseeunitsdfan dne oaN- relugingjand frcbeinse sufficient
reduci ng sugars to reduce 5 m of Fehling' s solution
when the sanple is incubated with 100 m of substrate

WlemﬂHUans@UCcﬁ)dlcCeﬁﬁﬁns r&fers Then earpmeliat edtalyzes both
h¥8 trose equi val ent” is an industr standard for
frapsfer fprcionsdn ingybation ¥ty alpa [-olgos ugar s,

o‘ﬁ@b%ﬂcﬁ%\ﬁgeés ERe S92 0Me? iHENd¥%i#blucosidases and/or those
of the class (E.C.) 2.4.1.24, e.g., D-glucosyltransferase. These enzymes have
also been refered to as 1,4-alpha-glucan 6-alpha-glucosyltransferase and
oligoglucan-branching glycosyliransferase.

The term debranching enzyme refers to enzymes that catalyze the hydrolysis of
alpha-1,6-linkages. An enzyme of the class E.C.3.2.1.41 is useful in this regard.
An exemplary enzyme of this class is a pullanase, aléo known as alpha-dextrin

endo-1,6- alpha glucosidase, limit dextrinase, debranching enzyme, amylopectin

1,6-glucanohydrolase. Additional exemplary enzymes of the class (E.C.)
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basi s. Unhydrol yzed granul ar starch has a DE that is
essentially 0 and D- glucose has a DE of 100. 10 The

w0 esoaio8toet al sugar content” refers to the totaPCEHU§EN4/007781

content present in a st arch gonpositi on. The terns
"dry solid basis" and "dsb"" ldier to the total anmount
of conpound, 1s e.g., flour, of a slurry (in % on a
3d.y. Meieght ptﬂﬂ.ﬂéﬁese§h€{alpha¥(ﬂ 6)€@Iuc§r®61g1u@mdtdlasé,tﬁls{o called
solid granular starch”, "dry solid starch” and
alheseh 6)-glaasidasel-he. total starch of a slurry (in 9
on a dry weight basis. 20 The term"Brix" refers to a

I f ef er ”
THR bt SRR R AL (BRASHS A BRa Sy
htgmm éf&dtkt:uefgfrgm’ dalatinizateasoff graotilar Istarsbl lhrlmdtlngenlstarch in

vEiEeRussR 56 SRR Braniies Lo el A ullEint 56 cpnosgtration, the
sHAUER ?Farﬁﬂ@@bc&%WMb@f‘of theNacataild é@is?@bé hRd, eldfla paste,

content). For exanple surenment o 00 Brix 25
resflier SSalobitibatian ofmta@hnho@k:u!mgeualledl getatinization. Bs¢latinization

%@ﬂ?ﬁﬁ@ﬁ?% | Bt BE BiERgEnodh e dbmti RFrth gBiaginizing

Eéf&uﬂezr@\‘ér@ o thPlemp&baire dtwHikle gBlTRRELIGR beelrs.
ydr ogl ucopyranose units in a given sacchari de.

Exarrpl es of DP1 are the 30 nonosaccharides, such as

e f e
N N T S M
fldeieitieos dfgranelasstardt) Bxethreetarth HIqhsfﬂnyg &mtyngss idiclude

reater than 3. WO 2004/ 081022 PCT/ US2004/ 007781 - 15-

@@Vﬁﬁeéﬁf%@?‘%ﬁ(ﬁ@ pPdlrded” refers to enzymatic

catalysis of the substrate to the | MO as opposed to
chem cal or organic chem cal synthesis of the I MO
Thedetra r“emdcbg@érwmhtefes touthgi€nzyefecnaing ereddnt fin treengmsioos tuber

for of, the su Eunycotina (See,
WiFERB BHInGLS resorblo addigane Y iechesraing

New York: WIley). These fungi are characterized by a
vegetative rrycel iumwith a cell wall conposed of
Theiterm, ‘exegenguss enzyne r@ieiﬁ@to anepzwegbat/isanot paesand svithin the

g%ﬁph% %gﬁ%ﬁ%ogé%ﬂ{ﬁs y&?ﬁ CPZ’PW% gﬂ{l nv%}{%’?f@gﬁp@emc

edz?ﬂhleg(ﬁot prexBry aagleswiloegrt albsteigreut ficBymillat, ete.
anmentous fungi is by hyphal elongation and carbon

catabolismis obligatory o aerobic. In the present

14@%‘4: F}h"‘flﬁal éJgg r bbhfd '}EP#@ %tal%S?ﬁt c?f?dgaﬁg}‘ &r?%% a

I es 0 rrrc
stargh,, grﬁm onhtnm»er nampeeﬂslen.

The term “IMO No.” is calculated as the sum of isomaltose, panaose,
isomaltotriose and branched sugars greater than DP3. The IMO Number
provides an indication of the amount of IMO compounds present in the
compound or solution.

The term “ratio of branched sugars” (“RBS”) refers to the ratio of maltose (DP2)
present in the grain as compared to the level of maltotriose (DP3) present in the
resultant grain composition.
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(previously classified as T.I|ongi brachi atum and
currently al so known as Hypocrea jecorina),

wdarediogloger na viride, Trichoderma koningii, TriPk¢DUsI0%007781
har zi anum Penicilliumsp.; Hym cola sp., including
Hum col a i nsol ens and 95 HuUmM'CAl a gri sea;
Chrysosporium sp., including C |ucknowense;

Theiteh aaegmmf Dlaé@@lerFQ:bWém@E'b) unIt m@ﬂewltdlmeﬁamount of
© oryzae, A.. nidul ans, awanori ;

epéﬁ@ﬁl Gomtajped "I\I@tj'roo@bg? a 54% SONF@@@& #li_%sgryple afwyme preparation

tl%\'[s/?lll Pfg@%@&qﬁ@ég@%ﬁgﬁ?ga@%? rr%ﬂéﬂ:?eé ml bF %ﬁln‘?é s solution

whaspibeganple'is imcubatedewith H DO snisaf. sUbstraty for tichamat 20° C (68°
I:fungal strain, which had previously been classified
As Aspergillus or is currently classified as
Asoergillus. The term"bacterial" refers to Bacillus
THR&EHRSDEF or BYéxtRite édﬂél@ﬁt”'@aﬁmcﬁ}é@ry étéﬁdar@ -for f®asuring the
anyl ol i guefaci esn, B. lentus berg, B.
cbnceiﬁmtfomwﬁ tstal aen!ucwg sug@mocaleuiabem 215 dagglutbee peramﬂry weight
o refe he en ein TN

By bopdhiohab) GBnblet e EBsHBEBATS Srienficbyffod D-
giwos@w% ge‘@pm(parl ey malt, soybean, wheat or 30
barley. The term "contacting" refers to the placing of
the respective enzynme[s] in sufficiently close

of Wit el I .
eI el SdattobBIRCErs o M Riebubat Go5HE etditin o
staroh ebmposttionubst rate to the desired end-product.
Those skilled in the art will recognize that m xing
solutions of the enzyne or enzynmes with the respective
(] a
e g TOLFEHS g Rp b 161eh Biunt of compaund.
%glbﬁmmrdt)’éa\aluﬂy {ihé&bo) oﬁarobymmght\kmeﬁ]zyrres e.g.
| i quefying or maltogenic or transgl ucosi dase under
given conditions for a defined period of tinme. The
TR t8HmE "y Bilid CcoHaehe r"%thébll d@faﬁﬁfarts@arbhe "Hﬂﬂéélldcﬁéfdh“ and
of a rice substrate to sol ubl e
"(tsaluefar toithe t@ttabsstercracnfoa piuafye(rra%);ort ) dw wewhgt; |bae|@s e.
,0 The term"slurry" refers to an aqueous m xture
cont ai ning insoluble granular starch. Sonetines the

THerteFm " BHNT Faférsaad (vl kpewnikifomalet seskior measuring the sugar
i nterchangeably herein. The term"culturing" refers

coptegit eharigigsopia aivesiemperteiobl ays tha uegm Bdixr refers to a
neidiR8 '&g?&%pbin?&l? hgar% ih1sOHtBnC THRPBHSY sEER! HB%sdrls the

one enbo
number of grams of sucrose present per 100 grams of aqueous sugar solution

(the total solubilized solid content). For example, a measurement of 1.00 Brix
refers to about 10 mg/ml of sugar in solution. Brix measurements are frequently
made by use of a hydrometer or refractometer.

The term "degree of polymerization (DP)" refers to the number (n) of
anhydroglucopyranose units in a given saccharide. Examples of DP1 are the
monosaccharides, such as glucose and fructose. Examples of DP2 are the
disaccharides, such as maltose and sucrose. A "DP4*" denotes polymers with a
degree of polymerization of greater than 3.
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refers to fernmentative bioconversion of a granular
starch substrate to glucose syrup or other desired

wepna4psoducts (typically in a vessel or react oP()T/UEmD4/QO7781

exanpl e, in one enbodi nment, t term al pha anyl ase

enzyne unit is defined as the anount of al pha anyl ase

whi ch hydrolyzes | mcronole of starch 20 substrate

The term ‘enapmaticaltygrrodudedissgrs do mhlzymatls cafaly&:‘% of theasubstrate
exanpl e, . in one enbodi the term heta

@l 40T o DGR heimigal prigganizcHiaCaHe S ObtheaMO.

PR/ AL ﬁY!?h@r’&oUé! @ur?gty (Fﬁérs]torﬁl 19FRhRU foRhe éﬁ:&i]eo %Lébd diyision

substrate I n ard assay con
I:Eﬂmycﬁlrmw(&e@oﬁlemuk)&aﬁaldem QGQ)QNTI%G)BMET@RN MMGOLOGY,

Sk SVAEY b e Gkt cidtetrieat fy vedeafvs msplm with
é)f;elﬂ%tl @émpo%éa%q’ "cﬁhiﬁagélltﬂoéﬁ i GtREr 86 ﬂ%{oﬁcﬁmandes

condi ti ons of I n anot her e
Thﬁafllamentcwsah@gl okcibei presentinvention arefmaghadagically,

R osiedly, e URAHETH] RF %o R P SR SRR Y

firamehtotis§uagids By r@fhapelﬁﬂgaﬁ@?ﬁaﬁh @arbidh €4tabsKHEAHE 8BYatory
the term one Liq on Unit (LU) is the neasure of

afrelist il the pfﬁ@enémyenaqn,ttbeéuamaa@ua fiungal parentesl may be a
8

AR 00 PR FET L RRALORA M T B P

(steanaulsl)% ulassifiet e:su'hdmglbrat:laladﬁn Gndssaertigratid kaown ek

H CC' to Anmerjcan Ty
inacie esrine (ishofgira aiies TRshedas kyangt Bistederma

et P RARGmC) HuihCoi sp! fidiiding HdrfiBola insalens and
HNanIO@imgrls@ rﬁl‘erysdspon@m spylnawdihg @ illdcknawenseR&diealadium sp.;
’%eo revi ousl wn _as USDA Nort ern Regi 8?@' .

el Sp gt '69 - OB i NIGYIRNS, 1 NGRERANT A faNyamer
Rusaritad s;@nﬁ!eu@éﬁio?é sboﬂﬁﬁe%P@&Q;B‘OéﬁﬂEmé‘ﬁt%l ’&3 OReference is
Nat | Li brary . (VWWV ncbi . nl ' mni h. gov/)
s Mmadedo lnw§|qﬁ@é p198%al ref erences unl ess t he cont ext

digtates 95 otherw se. The present invention

Sgéeggéﬁ% %?aséfg nmet hod for making an isomalto-
ol i gosacchari de substrat e, grain or tuber conposition

i d t hod co r|S|n a) contacting a ungelatinized
‘@'}% R il rrga ~.:=‘._:o‘ uve Sk @ ersgogany fungal strain, which had

previously been classified as Asperdillus or is currently classified as Aspergillus.

The term “bacterial” refers to Bacillus species of, but not limited to B. subtilis, B.

amyloliguefaciesn, B. lentus, B. Carlsberg, B. licheniformis, and B.

stearothermophilus

The term “plant origin” refers to the enzyme being derived, extracted, isolated,
expressed from a plant source, for example from barley malt, soybean, wheat or
barley. "

The term “contacting” refers to the placing of the respective enzyme]s] in

sufficiently close proximity to the respective substrate to enable the enzymel[s] to
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20 grain or a tuber, with a maltogenic enzyne and a
starch |iquefying enzyme to produce maltose; (b)
w@omsagtoeng said naltose with a transgl ucosi di BCEOS300%007781
wherein said steps (a) and st %p (b) occur at a
tenperature | ess than or at~d®starch gel atini zation
tenperature; and (c) obtaining a substrate, grain or

corbert the enpsteatbito thehdusire end-pragumrt Meake Bkilea dy aesart will
i somal t 0- ol i gosacchari de, 25 wherein said

resqg s thar anixing solutipssi of dbe FRavmearenzymes with thegiegprctive
t of the present invention is
ésﬁ%@%&aﬁfﬁcg%ﬁgcﬂﬁ@ present invention also

descri bes a nethod for maki ng an i sonalto-
Thlel teondinciubatidg™ efers db mixmgtzssmlastfate @batemning subbteate with the

co sitions, flourgs, raI dr atl ol ut | ons,
SR e e Tigge Prih o eTRG PE AATOSETIAA AN SglagSidsRerdnder
PARIPEHiFOR 1073 dimRANAHS L MAsE €1 N a SUbSt rate having

or containing an ungelatinized starch and havi ng
endogenous naltogenlc enzyne are contacted wth a

The ernoeh-afai S5 005 s B dsatih 60 Hes Subgrate t
yidig sBRIHIéJﬁ?d@WZéB dréntiBeAce etdras tbad p’i@féﬁalﬁy to yleld glucose

transglu003|dase at a tenperature at | éss
Thel termn’shiany’ sefess (o an gqueouns nwﬁ.ureeﬁcmimmg us@otuble granular

Bl SonaiesDs sEmi aliy “fd XlsP8ngion; ats,psed nterchangeably

hefgihn conposition is characterized by a sugar
conposition of greater than 60%5 nmaltose and a ratio
of branched sugars of greater than 2.0 to 1.0. The

Si s t
R b s G o S MR RISl cals ynder
sd&ablemmmiltmnmn fadlyuicbor swmlid m@dajmj Iscored embodlment culturing

reiees R o e eraryeraish of Bt slaigh soSTae taclitoss
<9133 6 Stheh uBFo 8RB ts AyBICAIY I Uvblisdl dFRLAGGAN ©

énzyne and a starch |iquefyihg enzyne to produce ‘a
Feslexapwle, (Ibpr@cﬂmb@dlm@tmthe temlalpmeamvtaseaenzyme unit is

efAE3 A S o R AR B b BBl Pyt BPstarc

soBkBbicTIhZeiP Ond eNRenaE 1l &sa8tdndGlons ATt Bi2nshd40°C.
substrate, grain or tuber composition having an

Few syamaledn opesnbedimenddhe dermabetr sMyiseaenars deit is defined

AR o D Al HSRRRERAUNIER HyArdFSde P bicio L Saren

ven I ona

shbstrhwmdbsm ubéer standadidagsiagroainditioes cﬁfpl-‘p‘éﬁaara:t 20@:
l:sol ubl e constit ue %‘i’ fr l&bl nsol ubl e constituents
IO EXAMRE 1P ANEHRIP g tapn Hgnsglusnsidage élﬁ'tc?r def'ned as

e )éhﬂ?#orﬁ g?tr%HgélhEé'élﬁas@Micrh c e?t%bﬁ &8%?%&)? M%ﬁosé ”

one enmbodi ment the grain Is selected romt e group 2
subeh'atet inrfigmiri untierastandgrel, adsayl conditionistgf pibli4 BrdrehB87°C.

IR another egnr?)oé) Pnen%n the ?erng {raﬁsglucomdase unit is defined as the amount
of transglucosidase which produces 1 micromole of panose per minute under

standard assay conditions of pH 4.8 and 37° C.

For example, in one embodiment, the term one Liquefon Unit (LU) is the
measure of digestion time required to produce a color change with iodine
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and rice. In another enbodi nent, the maltogenic enzyne

is a beta anylase. In another enbodi nent, the
wordosogmwal c enzynme i s endogenous to the grai n. PCTUS2004/007781

anot her enbodi mrent, the star 9 i quefying enzynme is an

al pha anyl ase derived frontfdfBacillus. In another

enbodi nent, the starch |iquefying enzyne is derived 25

sbiutionBincliddting d defitite $taggio dextriBieitibhus starch substrate under
st eargt her mophi | us. I n anot her _ enbodi nent, the

stangeg I%%%P@F‘é‘“@ﬁ%?l"@"‘l@ﬁ@nfjr?élsé}l ucosi dase. In

anot her enbodi nent. The transgl ucosi dase is derived

from Aspergillus. In another enbodinent, the

AeEeC yrdfénsstoi Amadeat Fypé @Itu’r@@bll?dﬂiﬁl Ibg%;’eid_t ét@ﬂaﬁésﬁas, VA
a |nco osition, a food additive, ora

ﬁgﬁgéﬁﬁﬁmﬁ\@?ﬁlwe -food product and/or 30 a flour

produced accordi ng to above described nethod. In

anot her enbodi ment, the invention describes a nethod
“NeRLtukfeng tathendgticultyral fRe searplo Servioa Cadtude mexllhotmbn National

ot b Aopsu el ERBeIRr00e e 195 Riridy knovn s UgDA

NTHHRIME PRI R@éawenaso@%@) @édr@smand a starch
|'i quefying al pha anmyl ase fromBacilfus to produce

mal t ose; (b) contacting said naltose W|tha

RSB BRI SR AR uR RN Liorary
MEdT@MAY. HESE: nlangih(golv/)obt ai ni ng a wheat 5 grain
conposi tion having an enzymatically produced

i somal t 0- ol i gosacchari de, wherein said

Qi %‘?ﬁ%ﬁgh‘ﬁ{é’%gpﬁ% gﬁrgyr%?enﬁghegé BRleds YR %bﬁféxwe%ﬂy dictates

esent 1 nven
ammmmﬂ&xiln Fig. 2. In another enbodi mrent, the above
descri bed nmethod can be used to make a 10 food
additive, a bakery product, oral rehydration solution

TRRY8EeR |‘F1\l/<9r‘\ﬂon &&cr@@e@ﬁ@tmsﬂ m@@ﬁ%%@(@%m&hg ogeni ¢

enzyne is a beta any I'n anot nent, the
0|I190$axg:harlde subgtirate, gra;n@m@da&rmmpnsiﬁm gaielimethbd

B RO EATRE &t v idkedi ot StaresiEsuiifo SEY . 8. 2
oPHIA @@m@emth b heahaEhngt eﬁiyrﬁé’bﬁh@%l $lércﬁ1 Iﬁ?ﬁfﬁ/lhﬁ%ﬁym«e io

In 15 anot her embodi nent, the starch i quety enzyme
preduser naliasa: (bheeaiecting said maliesd Wik @ &amﬁglmlcﬂnc gszyme,

TF ARSI SEAe) S b PO o DA BR e B0 ot

staroh lgeratlﬁiﬂmdh rtemiperdibee; dndao gbianting desibstraitgl jrainest tuber
froma, fun source. |I.n one enbodi nent the fun al

C@qu?a'qw m%a&névmaagalypommc%d%@a ter%s@smlande
WHEPeIRSRR ahdl; hén@@@s éﬁ%d%é%%ld‘h@@ét{atggﬁraén or tuber. An

|nvent|on JesCri bes @ grain co
eattidiment ofdhalpreeétytdnmrntmm is @Ieptatwlraﬁ@/ fr a flour
produced according to above
The present invention also describes a method for making an isomalto-
oligosaccharide-enriched substrate, grain or tuber compositions, flours, oral
rehydrating solutions, and/or food additives, at temperatures at or below the
gelatiniziation temperature wherein a substrate having or containing an
ungelatinized starch and having endogenous maltogenic enzyme are.contacted

with a solubilizing enzyme selected from Bacillus to produce a maltose syrup.
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descri bed nethod. The grain conposition could contain
greater than 1% by weight of at |east one

WO s@rmBtoe2 ol i gosacchari de. The at | east one i SPORUSHO4/007781
ol i gosaccharide can be selected fromthe group
consi sting of isomaltose, 251 hose, isomalto-triose.
In a further enbodi nent of the invention, the
Erogdiose synm it dlgem contasohwith tsaﬂ@uc@@ncfaseratkaefe@nperature at

Qs o1 TEation GR ksnieraplion RevrasFses fopRgLER Agrain
dO?ﬂ@Oélfl(ﬂTﬁéY h?t dﬂ\é’lf@% ?ﬁ&%é Vﬁdoﬁé meﬁdﬁﬁ&?ﬂh HEgrain

In a st I nvention
domprﬁliyom§ chrayhcterzed by ersuged cbnposBaci dflgrsafé@ than 60%

h f B |1 .
s 2e e Telle O bt Bhed SioBis phor et e g i 15 The e
&mbag.dm Bt siatake td Pe Iﬁﬂ@'&@h%eaenzgﬁﬁétf&:aﬂ{/ pPodUtRer

containing a starch that 1s contact
mal t ogeni ¢ enzynme WD 2004/ 081022 PCT/ US2004/ 007781

nd h | od
TH pisdRNt AEhRLE Alsol B5Ertied S BREPT Top Peklrteat Bomaltos,
dl@ﬁsé@crﬁmké@llblst?ra‘cé Yréif fb/r%béidcdrﬁ% {lérﬁ)s’(ﬁe #éthb8 e mprising:
enpl ary substrates can be at |east one

MO s.
(§h§@mha§tnw galubstrate, oramor fidbgyrenntainingra siar¢yitbfa maltogenic

SR8 ARR Dy TS SER4RS 4 RehEBe! )% flscn o

rﬁalta%sa witinzl tesresglucdsidie ahzgha) wheeliiy fReSteps ééﬁan@@fbp (b) occur
a branched chai n pol ysacchari | ose

Lae ane?grgiltg%esslman ahehatareh gelalinzation tenparatuie and (o)
o?tgwhm&‘é Pété ol bt illJb%‘ij cBép%'st&ﬂsﬂq ‘hq Eﬁ%lﬁﬁgﬁ)%tlcally

ages l'uco
pﬁcrglhmrbmomalic&ohg@dmhéﬂd@,rwﬁmﬂedthet dﬂ@olsacwmrnm IS denved from

i e
ab@"tld?\%l Qfé@y&aéép%ﬁétlrﬁg sd]MiQIéQioY%ﬁﬂxehfé FréS‘ﬁ’\ l bélhﬁfee?ﬁéwsgtuents

I ose can be hydrol yzed a- anyl ases
T31ezmyem)on airdner dasmbeS) any laddﬁmnaszep ofidofiggl the aglestrate, grain

{0 BRiodiin, (T rrBEoM it cuh oS cbMge oroup

@nglsung@ewr@@gay@ baAiay, asstt, daBlahssr, @@rgﬁ(ﬁﬁ %H@P%l%’i (Fegi)
bet a- anl yl ase al pha(1 'ucan

38} HGsh yMir10iRer, e@qu'ﬁ’l@igﬂh@dﬁﬁﬁ@%ﬁl@ ﬁ?@:‘fﬁﬁa%é beta amyilgse. In
AT GAM R B nt@‘?@é{eﬁﬁgﬂgb%ﬁﬁ dUNdS BIAL JPARY In

e non
anodmer énabodiaient, theatarch hlquefyuhg)ema/mmé an eﬁohai &mylase derived

o PR TR Suobinery. e e Ragase s derivec
Tt BRICAINS licR@hifSrfi®br B&Miuag%fédrathemepﬁn?s. Piroshthef

embodiment, the transglucosidic enzyme is a transglucosidase. In another

embodiment. The transglucosidase is derived from Aspergillus. In another

embodiment, the Asperqillus is Asperqillus niger. The invention also describes a

grain composition, a food additive, oral rehydration solution, food product and/or
a flour produced according to above described method.

In another embodiment, the invention describes a method for making a wheat

grain composition said method comprising: (a) contacting an ungelatinized
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exhaustive beta-anyl ase action on anylopectin is a
| arge, highly branched core or beta limt dextrin. A

waledasobi ng enzyne (E.C. 3.2.1.41,e.9., pull ubPerasms4/007781

[a-(1-6)-glucan 6- glucanohydrglase, al so call ed
a- (1, 6)-glucosi dase]) can h rolyze the a-(1-6)
I i nkages at the branch points. Thus the conbi ned

wheht @i having(ah endd @ uantaltdueric befr-ainyeei ahas® skach
therefore conpletely degrade anyl opectin to nmaltose

ligur{yigoalpR@ anpylasa FomdBacilius ouodues aEslios (Bscontgetingssaid
s eﬁ{i% ia_.?r%ﬁ%glﬂ%&&d%@ﬁﬁe%‘ir?ﬁﬁﬂ sl?e ve{%ﬁ aridft ﬁ{e%zt')’)g@écur ata

con urposes 1 on,

terhpeiatiredesotiiam whe@ dlatindZing aemberaug;“ aind (c))bblalrtuu@erwheat
or m xtures thereof. The ralg,can be any cereal or
OERHR GORRPSHIoN hﬁj’"@)a@te&‘%’ﬁ tiga) @95‘5‘99%'§°@§H019é'903300ha”de

i . . r r.
FRHASIPORIR RO RTINS Ligdddfaran. A
entbodanéentaf the toresdrd imeshieatis depicked jmigig. 2For exanpl e,
the substrate can be wet or dry mlled as desired. In

WD 2004/ 081022 PCT/ US2004/ 007781 -21- one enbodi nent
IrPénéth@r Eﬁﬂ)%%i%ehﬁ‘t’f?é‘éb@\yb dé§@|b%td%6{‘hdd5cegf @é‘%éﬁ to make a

tarch. Grains cont en'p ated for use wthin
fqmbMtnve ra/bakermprodmtu@ak rehygraficn solutiom endlo_y a fleted In
ahGeE SpIuteE) e todshin SR mee A e ddleipe Th gpother

embadirﬁémt ﬂne’imdnegéhxccmeyﬁr@ 8 ErRdgEheus tchmeegreim f another
consi st n& ) wheat (Triticumsp. Includin ut not
gs

embeidinagnt, afghh bauriringenzyme; isragl alphp amy gleqzﬁefieaved from a

bg n?Lsour\c/;a??rIé tol}‘nés@m‘]% Jim e@i’té{e t?ac%e%algkﬁrquxﬁg g %lagm[ug sp..
aﬁo‘éh%? ehtindirhebt, ¢hd starcly #oeteival enzyme is derdeddiorg Badillus

ot |]limted_ to S. cereale), corn Zea Iudln
l ni1l’ i§ prBagiius steagqine ilusg | rqrpé@&%

t%@eglu%?&ﬁ%ﬁ%é’!éta ﬂ%s%b@&é é °IrF n&tﬁeﬁéﬁﬂb@ﬁ‘ﬁé@ The

or exa germ ar | ey sor ghum
tréBsglybosidage js denvaduidoma fungal saurcei i Dad encb@bimghtithe fungal

b' CO| o[g?p]é'%gr eorgt iﬂﬁg\ggf’ :égg remtmg*lm&pﬂ]dll\eég E%QL%!I)S

b
A's@@?@lﬁje _I_I%t eﬁ@ IrRERHEh aﬁwdes%%@éleag@m cor*n@@é*ﬂéh Ng food

to S. italica) and rice (Oyza
add&wad@r@@ rehygigtiorosoluiien esd/ore ftqwmoelmad/egcomimgut@ above

ERETEIRLE. oTod SRt RAHEhER g ChhE dibsendiche by

weight f ¢ et oA 48umaltd-eligdsacehafthe 0 R aislcaszymeE Boaialto-
t he presence of exogenous enzynes are al so useful as

oligegacrhatae AR begsaletisd frans the group; Gonsisling«f dxgraaligssy

l; eIn Vi dient s
e e A R LA
ehdegendusgﬂmaﬁugemmleneyml is eelemedefrgm belalamyiase ar aiphg
amyiJ se. rl?ldéJ g‘{iIFfugt é?lélrznbc)dlmentr 5? tngtlﬁ\?enntﬂ)ﬁsﬂwlet §’o|u8m£iﬂS enzyme

is a liquefying alpha amylase derived from a Bacillus. In a still further

embodiment of the invention the liquefying amylase is derived from Bacillus
licheniformis or Bacillus stearothermophilus.

Substrates

The present invention includes a substrate containing a starch, for example a

grain or a tuber containing a starch that is contacted with a maltogenic enzyme
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synthesi s and activation of endogenous naltogenic and
proteolytic enzynes. Thus germ nated cereals are a

w@o@d/oswez ce of grains contai ni ng endogenous PCT/US2004/007781

mal t ogeni ¢ enzynmes. Malt flour, and malt extract are
al so used as a source of di'g@stive enzynmes in brew ng
and baki ng applications. However, germ nation of 25

aritka Bearck Yiquefyirey éniyme &epﬂmucefrﬁaltbsm”ﬂﬁmtﬁ}h’ﬁs@mrate refers to
readily digestible to play an effective role

patasiabt that 6an @@eenza@eawﬁw FaRvartadto maltase aad tﬂmsjll\ﬂ@rsd
Etﬁ)?erﬁﬁla\y\g’s@@ﬁ gs| bQ eSitTle éltdnr e%l)bstﬂ%ftc? Egle@fédt fﬁ?f% th?ﬁlroup

r0|n estinal trac ortuna

mwtunglcﬁlgramémﬁstubérsor'ﬂm nldltose capmm|d|5therf@rnbe$ta maltose
alized | the | ower gastrointestinal tract. .
?ﬂf‘%roés Whhverting the highly digestible malto 30

sugars into | ess digestible isomalto sugars allows for

$BecHssont Iﬁ hﬁo fReid, 'aﬁrﬂlloé?latllﬁéér Rhaih ﬁolggééacg%ﬁd@ and

prebiotic, l ow ng 't t to arrive |
ajaszlopecmn easbnamahed ichein polgsauobaride. Mniylos&nahtams Iong

ncti,on and he For 04/
SRR A0S v ARl AIPER Dl Bios inSare TRk v cicha-y 4
et dgietss
G RS o oo R ARlopgRif s hiohly.
Ianthedithg bhhkbor’n'ﬁ(ghmosldlcﬂlrﬂ@gea)mg\/anuﬂabuwherbranch points
Locati on | CKS d axosmit hkline Punjab, Indi
wﬂqwkﬁdn&ﬁa% fRRIMAEr pomPaReNtsfisiarcloan be enzymatlcally

AP e gty n, R g sl DB ONZR B drpiases

M.CB et t) & . Hew-@ed hgluchmdiducanoHydrolase. %@émﬁsbs

as a starch cont ai ni ng substrate converts sone of the
yrcavEa the odid dh-liebages tevield @ mikure ef slusese analtess, analtotriose

et e P A e T

SQa‘ir 2Natpra( bd)-gluadmenalideromse phemmd-gluedn radtdhydrdlese ].
%vent ors include got ato (Sol anum sp i ncl udi n but

B SNPHMESIPRSWaY lyﬁ)magca@eevméfobg@anm Hrpdae non-
REnFog PPN oSyl P TR BRiRrolsps also
metrolyEeretredopaciinViveitiar tes eldheraral baeramylasas pen a'iyd rolyze the
a'YhHa ("P tB) Htﬂ%alg!essséﬂﬁé b?gného;r)mtng Sf én%yglgpectin. The end product of
exhaustive beta-amylase action on amylopectin is a large, highly branched core
or beta limit dextrin. A debranching enzyme (E.C. 3.2.1.41,e.qg., pullulanases,
[a-(1-6)-glucan 6-glucanohydrolase, also called o-(1,6)-glucosidase]) can
hydrolyze the a-(1-6) linkages at the branch points. Thus the combined action
of B-amylase and the a 1,6-glucosidase can therefore completely degrade
amylopectin to maltose and glucose, resulting in a maltose content as high as

60%, 65%, 79%, 75%, 80% or higher of the total sugar content.

For the purposes of this invention, the substrate containing starch can be a grain
or a tuber or mixtures thereof. The grain can be any cereal or seed containing
starch. The substrate can be milled, ground or otherwise reduced in size to
increase the surface area of the substrate for contacting with the respective
enzymes. For example, the substrate can be wet or dry milled as desired; In
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(Col ocasia so., including, not limted to C. esculenta

or C. macrorhiza). 15 The anount of substrate
we@oemkasreng starch can be an aqueous slurry  PCT/US2004/007781

characteri zed by having a concentration of 10 to 50%

di ssolved solids (DS). In akdther enbodi ment, the

substrate containing starch is characterized by having

ohetmbeditretit op thedpredenOdveBlion, lthe atrtih & greimbdtistareh, Grains
the substrate containing 20 starch is characterized by

Cﬁatﬁrﬁ@aﬁﬁdcf@ﬁ seatyithin Hie Bressnt inyeptisn inchidesAnyegraigsurrently

2 / QAL T
su gi‘é (rggf( 9\5&85 a|0r?|%ﬁg St %%Ch%?%mé%g g%@né@%h}? ét%gvbynthe
xwlfmmmgadUdteI burtrartefn_ol Qﬁﬁi@%ttﬁ&t Idha’st ane}qsbtﬂct@mﬁnt ch ﬂm‘group
t he, subs e taining starch is characterized
CRRASISHRY & &’%ﬁ@ééﬁ”&&ﬁﬂb&'gﬂcﬁéﬁmwwt ljrpit Eﬁzemmw_wn. L
h t
R T ool Bndidh 3. RBLAWGRT LBEL 18,6 Blofdair) wulggre and the
vBBeti¢mdasariteer indhSdeatrblo. 60492, 5726,i Tabdetl),ape (Sbealplspof .
AP A B b eeiad) Bt e iRl i gmites
7@k thQs)SBGéRWﬁéé’c( 99 %& Q?Shﬁﬂ&d?ng Slt¢ioMpRited-9E.t O
: I men

anot her the invention, the pH

gs_b_lm_él_rah wealt Hoeexamplei, geryinated barley, sorgbynwéoargBunnsp. ,
g, ' R gten e SLBREL BB o B MIEE BbbBiar B gmitet
(iaﬁ | EFeRicun spReid SstasiaRedi iABI0HING, but et linlivedtd PNmilhé&um; and

of the substrate contai ning starch is between
Spgi_m@_za inqigipeeut e llwf@getﬁts_q.ﬁ@!mkaremrw&]é@u@ss_& including,
b‘rf:rugm)?%itgg td %Lz;éig%{gghﬁll‘é%&bféynﬁblg%d%@ﬂ@“ip%ﬁﬁr?tha}%wld-type

ogenl
amell ttmenﬁyplantstmmg benéficiakesdttibutdw tsuth @sdnergased £nzyme
abI e mat i cal con ert starch to mal t ose.
ﬁﬂ‘g@ qu@geé}%y PresRIEHT SHOFRRCHFFNZYWRES are also

Lﬁgﬂ%%ﬁﬁ?&%@%ﬁmﬁbsﬂg%l bed before, anylose can

yze anylases (EC. 3.2.1.1), e.g.,
"-(1-4)-glucan 4-glucanohydrol ase. Al pha anyl ases ' .
Gerenioatedecaraals/ fof exampha malmqgwed@swm aof therkeytingeedients in

P sbE i SRl R IRl P08 s ief faive vetue,
e(@ @xalﬁco&wtémmg foabphaddetd (TABLECEN @@irhmaygm ebasR. in the

gl ucan mal t ohydrolase ]. This enzyne cl eaves

samﬁge%@ra@@@ﬁl\(?éwﬁ@f %@@gaﬂw% MedguARICaNG Prefgalwic enzymes.
R el R
maltogenic enzymes. Malt flour and malt extract are also used as a source of
digestive enzymes in brewing and baking applications. However, germination of
the barley renders the cereal grain components too readily digestible to play an
effective role as a prebiotic or even as a nutraceuticals, since they tend to be
digested in their entirety before arrival in the lower gastrointestinal tract.
Unfortunately, the beneficial effects of prebiotic compounds are best realized in
the lower gastrointestinal tract. Therefore, converting the highly digestible malto-
sugars into less digestible isomalto sugars allows for the use of the modified
malt to play a role as a prebiotic, allowing the malt to arrive in the lower
gastrointestinal tract and provide additional functional and health benefits. For
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Al pha Anylases |In sone of the enbodi nents enconpassed

by the invention, the al pha anylase ao is a funal or
work@rokioat enzyne having an E. C. nunber, E.C. BCRUS$2004/@7781

and in particular EEC 3.2.1,1. In sone enbodi nents,

t he al pha anylase is a theffi6stable fungal al pha

anyl ase. Suitabl e al pha anyl ases may be naturally

exaniple,isuftable s@rhmersialleavaiiableitodanddotisatntaihiplganalt extract

anyl ases. In sone WD 2004/ 081022 PCT/ US2004/ 007781

are providedin hahled: the al pha anyl ase is derived froma

Baci || us species. PreferreggnRagi || us species include

Baci | | us anyl ol i quef aci ens, B ' entus, B.

licheniform s, and B. stearothernophilus. Ln

par ti cul ar GonpmefaalrfexbdeiitooiticteeGoataining MalpBatraciny| ase

IS der| ved froma Aspergl I I us speC| es. Preferred

ASper H-us ectHe5—S bl ude HS—gef and

Asper|g IaFj&Q U]E;zae. Nany ?%?@rrence g ‘ﬁ%t B to strains

having NCI B 11837. Commercially aval|l abl e al pha

anyl aSgeORIICKSP! at ¢ @Ié)@fsnﬁitﬁkhhé th”PGﬁ}a‘boﬂﬁjréf the

i nvention include; CLARASE L ([ Aspefgilus oryzael

Genencar | nternati ohal 10 lnc ) and NOVAMYl ([B

st ear|OVIR&T@¢hi | us] | Romsymithkiinet ec hPynjaks Ingider st ood

by those in the art] the quantity of al pha anyl as

d £ i |
EZSeJd i The enrymbErE SOTTRILS of | ENDELLIBE
anyl ase. In general] an anmpunt of apout 0.01 to 5}0 kg

of t heBAURNAYErAany| &sebusy added t o| Mumethdij hdizon ( M)
of the substrate containing starch.| Although in sone

enbodi-pepnts—the—al n"\ﬂ aml ase s added i n—apn anmpunt

about| BOXF to 4.0 |éa@gﬂnﬂmstrre% ot hEHNEARe fflident & 3

the al pha anylase i$ added in an apount of about|0.1

to 2.5 RpPeEr M ang\plf@ about 0.5 N%WLDQIh'fgnBEr M.
In further enbodi mpnts, other quanfities are

1%

utiliized. For exanple, generally anl?20 anmpunt of
bet ween about 0.01 to 1.5 kg of CLARASE L (Genencor
International 1Inc.) is added to a MI of starch. In

h nb h
TLEThe PRI PED:Sa St QARG BRIt b SR Bhne
dfSnulBeseee coMBMad Witiin tife Qubsik@leas i esinl akasficifl #rm of
to 0.6 kg of CLARASE chnboMT of starch. 25 Beta

thepligesedchagdexs.of, anmdf di ments enconpassed by the
invention, the nmaltogenic enzyne is a beta anyl ase.

I SkoR BbP oS e i I B P Eah i Pulked. THBR cdilBplete
bytthe dvemtotsdnpludeipdéato (Solanum sp., including, but not limited to S.
tuberosum), sweet potato (Ipomoea_sp., including, but not limited to I[pomoea
batatas), manioc [tapioca, cassava] (Manihot sp., including, but not limited to

Manihot esculenta, Manihot aipi and Manihot utilissima) and/or taro root

(Colocasia sp., including, not limited to C. esculenta or C. macrorhiza).

The amount of substrate containing starch can be an aqueous slurry
characterized by having a concentration of 10 to 50% dissolved solids (DS). In
another embodiment, the substrate containing starch is characterized by having
a concentration of 2 -90% DS. In another embodiment, the substrate containing

starch is characterized by having a concentration of 5 -70% DS. In another
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mal t ose, the use of beta anyl ases are useful in that
their contact with granular 30 starch would provide a

w@e@angroeanount of maltose to the excl usi on of POI/H82004/007781

saccharides, e.g., glucose. |n sone enbodi nents, the
beta anylase is a pl ant or= #¥¢r obi al enzynme havi ng an
E.C. nunber, E.C 3.2.1.2 (for exanple those beta

eATBUCRAEAL, tes subdiede icontdiidg STtch S chadctbried, B3faving @

some WD 2004/ 081022 PCT/ US2004/ 007781 - 25- ,
cengrratentaf, 1&%%68861 la@ppthes enbaglimeat, fbe substate containing

J, S
SR R otfreQElBed BY 1o, a RGN O AIERS" ol
ehﬁio@hrﬂém #sesubshiate containiagtstarchlis cearicterizedtiyehaviay ee
bei ng derived fromBacHIus sp., e.g., B. subtilis,
conceniaiieni af 2% BS. st ear ot her nophi lus, B. 5
coagul ans, B. arryl ol i guefaci ens, and/or B. |entus.

N Qﬁéﬁh%l" bﬁ{doﬂlrﬁéﬁﬂc &' th@%\%‘?ﬁ@ﬂeﬁ@’bﬁ%?%h@é@oéi?été%%ﬂtéiﬁiﬁﬂ‘

Baci I l'us strains B. stearothernophil
stargh & hefwekact.@d o &ri0. Bin bnothen efrdradirmenitdiiberieventions the pH

' t t havi B C ol t | ant
ok e 241450 BB D eRn 2R o8 rEBRBRET,
ehfIdirhest ofthe "Weﬁﬁfénf fH@bH PR ELISRHHLE %onfé?ﬁm@@é?@h@s

frombarley malt, 10 soybean, wheat or barl ey

betwersr 3i08Itpyr. 5@.ain abofé\eb @trdaoalrmeawﬁhe m@\’ephatlmmﬂ of the

s@%%rét Qgﬁlﬁ?@%xg'%’&ﬁ% ba&??%ﬁﬁ%ﬁé 6 %%e ﬂgﬁﬁgﬁer go-go'm%’ient of

tHeinwenBién, anaIpH Bftthe. subshiate cataRINY takoh RVRthabhetl.25 to 5.75.
wheat beta 95 anyl ases are al so useful in the nethods

of the invention. In sone enbodi nents, the substrate
H&Fni ng starch, e.g., wheat, rye, barley, mal t,
conprlses an endogenous nal togeni c enzyne at

rgregérﬁriﬁvérﬁ\b%l .ﬁcmaes Rb %ﬁﬁg%ﬁ%&ut&é BRE d&%ﬁ@g di&ch with a

verS|ont0|somat00|gos arl .. term
maéim@eg@rmdsa starclemguebnrtgw@mtmpmeimg npaléasent By maliegenic
uber_ w t hout .havin

SHeRaDL it RS i 360 FhavmatigahfSiivert pfithioghtSe.

E&@ﬁﬁﬂa Fhalloditit BALYIAES irtliNlpHa dMVIEeseahe b@fb?é{ﬁﬁfases As
In enbodl ments where the substrate containing starch

dgseriPdatbbeiotnaamyioan caehoyaiielEsIaY thgemiasenEyfedar.1),

<5 O Eqee ARl R ate TSR, Bt RN 1.
liokagas te_qumldld mmmwmmluccﬁéed mpt@ﬁommmmwb@ﬂec sugars.
enzyme is also cont at e the inyentars. e
%&@é%e% alpe) Q%B@m@%ﬁ% b@énawl%%ﬁj@,& fot-1 @L{ﬁlpham A)
' L

okapSRARPipke RELBUD IR ARARBLREEN, e SRS Boaves
apay\sudcessive ndltosgamiits bagmynimg froncet mat-eeducingperd talield
ngarlt%rge quantitatively. The alpha and beta amylases also hydrolyze

amylopectin.

Alpha Amylases -
In some of the embodiments encompassed by the invention, the alpha amylase

is a funal or microbial enzyme having an E.C. number, E.C. 3.2.1.1-3 and in
particular E.C. 3.2.1.1. In some embodiments, the alpha amylase is a
thermostable fungal alpha amylase. Suitable alpha amylases may be naturally

occurring as well as recombinant and mutant alpha amylases. In some
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30 anot her source. The term exogenous mnal togenic

enzyne refers to a nmaltogenic enzyne that is not
w@e@smsto22vi thin the grain. In this enbodi ment, PET/US2004/007781

sufficient WD 2004/081022 PCI/US2004/ 007781 - 26-

anount of mal togenic enzyne & contacted with the

substrate to produce maltose. In one enbodi nent, the
em’umdlmenfs me)glehatasnyime mgc&mxede‘mrynreeBaahﬁ:saspemjes Mreferred

substyate con starch i s betyween 0.05
BoGHoS SBeGESdSCIuRe Baslia Bary G BRERe RS s Bolgigitgrmis,
I
I
aemtgeeens degivedrftons bekspdrgitius Ispegleal RrefemediAsprigilius species

licifgh? | n Etl [ aqnﬁ)é téer eﬂEOd' ment g&ﬁocregﬁ{gpﬁéleﬁn@'a%g’to |

sﬁ'gfﬂfsaﬁé\ﬁrﬁb N@IBthBB? grain containing a starch. ,o0 In
anot her enbodi nent, the anount of exogenous maltogenl c

enzynme cont act ed with the substrate containi ng starch

b FERERS Bt e el e oe. ARMERRERG o0 RnE Thethpds of
tied mvehﬁ@ﬁnmmmumsm_ Aé ilog Genenkof fernational
supstrate i s about O.05 mal t ogeni c_enzyne per

Ing} and NQYANYE @B|&tw03@§n@pbi*u§3/h!ﬁvq;yme) Bioteftahot her

15 enbodi nent, the anount of exogenous rraltogenl c
enzyne is about 0, 1 kg of maltogenic enzynme p

Aseyridersiogd kyrtiosein the afasthe quarlivraf aleipa )amyiaseowm in the
nftR8GS gP{HefsgPr%sgnt |Bvé1ntlo(?1 \?II” @e&fb da(ﬁj l%eﬂze%é‘tﬂ! é‘&twﬂ? Bf the

provi de su I Cl en ogenl enz
aq.olm am?laaeylragmerbh aararhbent efrdbodit 06t to 3. bé(germiheialmfa

d 20 w
SRase B adEod %%gcm SaReaobstasranibibma ek,
A%oﬁghﬁﬁgsmecems MGt P e Pé'eﬁn;ﬂ@ée ea&déqeﬁnré}# SmoURt about
one &nb

I ment e anount exogenous t ogeni c
Oe@f'zm Odcgwperc?s/ia'dlnmwﬁler emboslilbsnisatte alphaooglage Bcaddped in an

& B 087 K6 e M B eoc Aol G2 14 KEwBF Rt n

f@'ﬂﬁéﬁﬁm@édlﬁ%@% NANST GRAritRigs Zire LEZAHTFor £xakpié, gzanbralﬁj an
mal t ogeni ¢ enz per metric ton di ssol ved

a@ngcaﬁ&r@f babiesr akepii- 5@@%‘1)5 kg af CbAierSke M&EneesesIrdemational
&8s i B PRt ol S e g bahe gbaea n

alﬁ-c'.lﬂrﬁwhﬁlsbetwleenmnherogel@b‘ndI@Ebegvémﬁammtmi t®0.6 kg, between

mal t ogeni ¢ _enzyne to be contacted wt raip is

Paul B G KA emee D 4 05 KoratGLARASH [pey yiT of

S?}Eﬁrm' ne 30 the maltogenic activity include those
escribed in the exanples and those

Beta Amylase
In some of the embodiments encompassed by the invention, the maltogenic

enzyme is a beta amylase. While alpha amylases are maltogenic in the sense
that contécting alpha amylases with a substrate containing starch would provide
maltose, the use of beta amylases are useful in that their contact with granular
starch would provide a greater amount of maltose to the exclusion of other
saccharides, e.g., glucose. In some embodiments, the beta amylase is a plant
or microbial enzyme having an E.C. number, E.C. 3.2.1.2 (for example those
beta amylases described in US 4,970,158 and 4,647,538). In some
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descri bing 13-anylase activity. The term DP unit
refers to the amount of WO 2004/ 081022
weEROIAOSReD4/ 007781 -27- enzynme contai ned i n 0.ROI/DB2004/007781
a 5% solution of the sanple ggzyma preparation that
Wil | produce sufficient redu€Piig sugars to reduce 5 ni
of Fehling's solution when the sanple is incubated

emﬁddlrﬁ@ﬁtsﬂh@be&mylh@ées & derndutatledsacléifal GelH8myRse.
I n anot her enbodi nent rai n havi ng endogenous

| S@ab@d@ta@r@y{awﬁemay(%natépglymmnga@% wellasresembpinasy and

o0 e S S TRE T Ba B ARTREerS 4p Ty AR Rbheing dgfed

fr@naBaenluh api, kgg.aB. sobiiipe Bo lisheniformis: 1B. Gtenoiemophiis) B.

til ng exogeno mal t ogeni_c enzyne sources are
éaé@;ﬁé*%@éx&isﬁé%an 68 B igptiig,pagiouiarly preferred beta

ﬁﬁflé%e %%;qﬁ%ﬁ%oﬁn? SN B, %%:)‘%érrﬁ /Wse?a‘?”bse

og enous o exogenous sources).
anﬁylcdrqm«em«umsaamﬂ dJelsemfornWmIAlsrg esfercreeziy made tinstrains having

t of dded
NG £t T FeTheBgt ST ar iR el aaude BRma darivegh ng
e?ﬂé&ﬁﬁslsﬁlﬁéér%rbégé@erW RINE ¥BBrdeS frUXaR$IIE Froph erIey malt,

he starch to reduce the vi scosnty of the I'i quefi-ed
sovb@m widheatosdastesr ch. 1n one enbodi ment of the
invention the starch [|iquefying enzynme is an enzyne

TurerGely YRRk S Armilages cateisflateeiToP P it neRods of

X frvaati&sl ifdlQiB; 2P RINIACT BB RIS EDBIA) aﬂG&DPTIMALT ME
enbodi ment, the bacterial source’is a Bacil

(Qﬁneh@ar lotetsoationsidnc.). h@tmrmanmawaible@vaileblawheatrbﬁta
Filosss e Lo Eenb I T8 mifleHt e BfsPhion o™y °°

i cheni form s, B. stearot herm)phl | us, B. coagul ans, B.
anyl ol i guef aci ens, and B. |entus. Those of Bacill us

licheniform s and Bacil|us stearothernmpphilus are 25
"@e%@@i %T‘P?d iReTL S the@“ﬁép’a‘&rﬁmﬁ%'@@%t@ r% P n‘ﬁ’hﬁ% (gy%barley,

A B g ige FEEPAGohE gBaimb aToAE e

peogucesEdficient emfibat éui donverson fvisoh@lte dligosadenaridese The

o BERAPL | STl 8 PG RS BIRREs e orein or fubor

vﬁ%ﬁi héﬁh@ta r@§t§’r’t fd ﬁé!’dlﬁg tW@Ma@t@@eﬁ@’én@ﬁ% r ra%d ol fhe
Pat en 5, 5, 30 824, 53 5, 958,

gamd/h&ngﬁgeoel;lam engingared o prm/mwmaétgusn@r@wﬁme
derived fromB. licheniform s strains NCIB 8059, ATCC

I r? g%odﬁﬁgﬁtsﬁgﬁére MQ s%%@ﬁé%séo%gl nﬁ]gétgﬁ%ogg'éso Rgt7t§ojntain an

endogenous maltogenic enzyme or has low endogenous levels of maltogenic

enzymes, e.g., rice, millet, sorghum, and/or corn, the addition of an equivalent
amount of any exogenous maltogenic enzyme is also contemplated by the
inventors. The exogenous maltogenic enzyme can be added, for example by
genetically manipulating the host cell to express sufficient levels of maltogenic
enzyme, and/or providing a maltogenic enzyme concentrate or material from
another source. The térm exogenous maltogenic enzyme refers to a maltogenic
enzyme that is not present within the grain. In this embodiment, a sufficient
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-28- ATCC 8480, ATCC 9945A, ATCC 11945. Useful al pha
anyl ases are those derived from B. stearothernophilus

W@ 200ai08®2ATCC 39709. Such enzynes are identi fPeOdUR3004/007781
the trade nanes " SPEZYME AA' or "SPEZYME FRED',
"SPEZYME LT300", and " SPEZ\\&6 ET75", avail able from
Cenencor International (Palo 5 Also, California,

atdSbht ofhBREgSHIE RN2PAETE SohRetetdiRith tivd sulbstyitase prodwds

Baci | | us stearot hernophilus sold under the tradenane
mMEit9RE V97, 007 and from Bacillus licheniforms
sol d under the tradenane GC262 SP, al so avail able

lnf 6 CRIOaMHQAt Hbthg Btﬁh{ ?ﬂ&o{g{gﬂ%ﬂgﬁéltd@%nﬁ@&ﬂ %%?Htacted

alning star togeni c “enzyne "an
wuth ths Babsthatblczanjlmnggstamhysrbewmmﬁ%Ortal&@@@a Defgsees of

unders ood ose n th art f he quant 0
iR VL ARG Seiks for OF sRopRn RN olistneh e
eﬂb%ﬁﬁﬂént df'?N@ ﬂ{\)e‘?nﬂoﬁ" ¢)1|1 08889 6bPBPL @ﬁltﬁ@?ﬁ/ Bf‘ﬁ'lagtﬁgenic enzyme .

activit starch 11 quefying enzyng.
|seqdmantaé nmth tbe(gramaﬁalnlmstmch)nlrt stilganathes embodiment of

i f t.act ed th th [ .
thegvendam g EREETR 00P P Biomanibifadstie ShEBe fpoqatacted
with 98€ Gfdin @Bhfa?ﬁlﬁg"aoétaﬁdl’ﬁr ch liquefying enzynme is

cont aCted wth the grain containing a starch. One

qguef on Unit (LUé@ls the nmeasure of digestion tine
Irr@mtheeamb@dwn@@t ameunbef eXpaeneusinaliqasmigenzyme contacted

thﬂé sBBstr%tB%o?\gélhi'ﬁg ﬁal%'ﬁflé %k{)leestsga ‘nglé’érams of mal(':r‘ogenlc

ext inrzation arch subs é un

ellazyrde ffpleﬁ netric tbro@f%m?ge gﬁﬂbne embokdiment, ﬁﬁ@a:ﬁmunt of
I quefyl ng enzyne IS adde er netric
eI Updnaliengric 63%)/@@@@@%6%%}1 the %ﬁ%@ﬁe S abould s kg of

nﬁmg%yl He enz@gp mBirft lgﬂ ag'ysoﬁ)dssbaﬁé gﬂﬂ@?k?f $ 8h&ther

me 1s a er nretrl on of grain
e(rbgbimentdiresameadt of evmgﬁrbasmaliogammaiezwn@mjahmttq 1 kg of

TRUPER AR GrrdhCis D6 saley Arei (BanLorhgy i other

emb%aﬁhamé 052 aas aho eb@Se Sa)nd/drm OtdAht @ﬁ@eﬁbmkﬁﬁ.c%nﬁ amounts
kg of starch |iquefying 25

ofemitngemlg e@?amév@ 9@ ﬁﬁmylase on of grain (kg nt
di ssol ved starch basis). Assays wuseful to determ ne

o R PEEDoh M i BB 3hckFELI 5 055, S Bcre

\Méthttlae mt,)lbgﬁrétemog}f[aslarr@rstbamas wprességl 3‘% gﬂ@gragmm f;ggltogemc
escri be I N Pat .

eBzyyBe Pesgretha el subsite. oEBO% oghraents dop gEIoAnEaf by

S ERTBRT szl ShTH14 M InG SELHER fdhout 0.05 kg of
madfiogenie erizymeapen metid lonalisstilvedstayctebadis zﬁfkjgénhdgb” i n
another embodiment, the amount of exogenous maltogenic enzyme is about 0.1
kg of maltogenic enzyme per metric ton dissolved starch basis (“kg/mt dsb”). In
other embodiments 0.2, 0.4, 0.6, 0.8. and/or 1.0 kg/mt dissolved starch basis
provide sufficient amounts of maltogenic enzyme, e.g., f-amylase.

In another embodiment, the amount of maltogenic enzyme to be contacted with
the grain is in terms of maltogenic enzyme units. Assays useful to determine
the maltogenic activity include those described in the examples and those

describing B-amylase activity. The term DP° unit refers to the amount of
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conposition having an enzymatically produced

i somal t o- ol i gosaccharide, derived fromthe grain
wa@omsasreng starch. The transgl ucosi di ¢ enzynmePCT/US2004/007781

catal yzes hydrolytic and trg sfer reactions on

i ncubation with al pha-D-gl uté’5 ol igosaccharides to

produce i sonmal tose, panose, Kkojibiose or nigerose. The

eprpseroataihed e6.d 0svpbel s 59 8olutivn of tHesdrapleneryymdpreparation
transgl ucosidi¢c enzyne is indicated in an increas

ed
tfaa%duﬂpmuwwgrafcr@ﬂapinge%m@ fadiiesd T BEFahling's solution
m@%@yr;pﬂﬁ ;ﬁr @m% 6a1%@w@r?"1‘06%|t6f%ﬂ§8 ré*fé"r%lr ‘i'ﬁrﬁ:%rr at 800 C (68°

ansg uco i dase
FIRANSGLUCCSIDASE L- 1000 (Gbnencor 10 Internatlona

Inc.) and TRANSGLUCOSI DE L by Amano Enzynes, Inc.,
Na a, Japan).. I n one enbodi nent the transgl ucosi di c
'riﬁe&%r cEARITbEY 2 GIPBrDAVIRG CARBAETRIS MaadericanPyEes
Bartey, wie? d,fétb lcif ¢ lcd b%%.xlé@ew&ﬁ N glﬁfh%' rs’ééam@e)%aég@n&d@,at

Aspergi | lus can be derived

m@t@@egld enEynmesy elixturies of 39: EntEsidOred: 50 tGBQ;4(Asm;B@|gralms
hni er str inis ATC§I4916 Islnthlsqrrbod a
Sureian EH OYFRASMATOG8TIC PP2YIug: Sral WY E'%‘%’W&’TOQS
nfdigeficeeh2yintd sbirees WS tbatcPnplSted by the iBVétBrs, so long as

contai ning a starch to produce maltose. As understood
syfficiant sanqunts némtogemlﬁ@@umu arg presentdan dhg midureli c

EROERET RordS SR Dhoree ORGP SRR S B e

nahogesi erhzfyn@emécai’ﬂmuﬂjc@&hé anfouht of @xdgeM8us enzymes added or
transgl ucosi dase units ("TGJ')/gm of transgl ucosi dase

cpatacird withdlae graip mikdre.gr ai n containing a starch. In
anot her enbodi nent of the invention, 0.05 TGJ to

10. 00 TAQJ gm of transglucosidase is contacted with the
grain containing a starch. In still another
Séachdiguefting&ntyrees nvention, 0.10 to 5.00 TGU / gm of
25 grain is contacted with the grain contai ning a

Sl oo ST 5B e e SRBMA IR B igpoty o

tme quﬁaledmﬂbiﬂukﬁll’bfe&ﬂaﬁbﬁ l mrtﬁné)émbbamﬁ’érﬁa)f thé fhvefhion the starch
enbodi nent, 0.05 to 6.00 of trans%ucom dic enz

ligdeiyingernisie isngn en%ym@@elﬂct@d HPM PRJZE-Ft SdBH)T, &Gy, élpha
afrﬂangébg S @!aﬁglfgha%rﬁ}gaé&g rg%elé%ar{@ 3%olatted or exiracted from

agrauteridllepnde. dsilgne dznmbadmhéntr th@hﬁ@ﬂdmal‘wam,:rcé)ls%%onlus In

aaerinpeinG L e APTasByY asas SroYAa froBkEealus itcds fpse

oy T st ssbnabcly SRty g

g
ligherifdrmis) B\Rieaothcpsbphiiuf @/ cderoiah's) 87 a8lviclgmefaciens, and B.
lentus. Those of Bacillus licheniformis and Bacillus stearothermophilus are

especially useful. Other amylases are contemplated by the inventors, for
example, but not limited to those of EC 3.2.1.133 (U.S.Pat. No. 6,361,809).
Other amylases contemplated by the inventors include those characterized by
increased oxidative or thermostability, including those mutants or genetically
modified or variant amylases described in U.S.Patent Nos. 5,763,385;
5,824,532; 5,958,739; and/or 6,008,026. Useful alpha amylases are those
derived from B. licheniformis strains NCIB 8059, ATCC 6598, ATCC 6634,
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determ ne the transglucosidic activity include those
described in the Exanples and in Shetty, J., et al

w@ hogos@at . No. 4,575,487 (1986) entitled, "MPp¢DUSI004/007781
determ nati on of transgl ucoskgase ), which are
i ncor porated by reference he I n one enbodi nent,
0.05 to 6.00 kg of transglucosidic enzyne is added per

AT GeBrBO, AGCO94B6A SATUEM 104h: dbsdflubalpha sinaylssesiate) those

| th diment, 0.1 _00_kg_of
cerudLfoith. SRashampaenils drrRtATGE 38108 Sueh eopymes are

.dmmed (Hy%a”ftrao%t r’r‘érﬁef s 7y ME ARP P @SPEM% VF‘F(ED" YsBRzYME

kg of transglucosidic enzynme IS a
LFFéOOl @rldoﬁREZ\gME lnTK&gﬂv&Ha@ﬂeafrom Geb;;ncdmmmnathm’ral (Palo

i di
A 2L USEY, oltier 48 e Syen h e AIEES aimaiases fom
B@%nmg sgéallr@g’geg?g% ;Il?é sbldaiHuer %@@ﬁbééﬁ&m@@zﬁ(l\/@@eg?hecow

es are convert ed
angdmﬂ@mmm undiaritos fradenamen@@262ER, aléo

AN e Bl PR RBIOR . 9% ori mary hyar oxy!

group of a glucose nol ecule fromthe non-reduci ng end

Contdctiogethetgrainl dagtsiamghstaichesitp tredimetegdiictdhzymeedritPthe
'Siegg?rﬁde I somal t ose, panose, isomalto-triose

AYRIYING: PRAENE PESIHERE MFtasoAS Underisiaadbythasedn the art,
thl'aé‘ uarﬁtﬁgg%fa‘?clfﬂﬁ&ﬁéﬁ r{}glﬁ‘rae cct%%f‘ nSth%rrﬁ fh%‘ag'o\fltr;ﬂ%gg/esent

ncreased attention | Ves Becalse
invehtiopmél dapendnndhe eazyraatlct estivityeof the .sédrch %&Befdegeelﬂiyme

17 8he Expptitngnt & 125 ickieTon BREAEIT o stagb biudlybysnzyme is
cONGCIEHPRAN Thd PR chRtahfihg Rfrchl §F Sgbgfe‘? eﬁ?ﬂdcﬂgeﬁﬁ 1%0 10

romh factor (prebiotic) for bifi acteri
Liawefan bipés/oan ofl sigssh IRjyedving @fnzymmlcpotacied Wlth the grain

et Bnarch @B AU bR E L I3 Beinbatine s Hiddioh time
réljunfelﬁietold‘fﬁﬂﬁce amh@ﬂgéwrpbame @dlahcsﬁ Imbaﬂ? Hedsinite
can be used to deternm ne the amount of uc

stage erclaxbinizafion efestarch wh&&atm@nd@v@@ﬂﬂd ¢(W[dlf|mrt$duced
i ncl udes high perfornmance |iquid chromatography

Il 5 EhnbddiheR @WP{ g of gﬁéﬁﬂé‘%ﬁ?fgfnglt ts“gcede%]er meiric ton

provi de an indica vari'ous
oﬁgw disgpbedcadid hasishgkgmbdes)s.In Athmeémbodlmentatd B,gQ 4s0.4,

ee_.o ation (DP t he nj xture.
0185 Bl 216 B LB BT s 3 A et Rt qnPeicbn i graim (kag/m
dfs%b%d‘é@ar@ﬁ%gé‘iss) 9 ohB%n%HH?ﬁfen?fO 92(? rch%h%f%’rﬁ; bfzyme
t he nol ecul e. For exanple, glucose ucosy
I&a@edowgmetricet@elof@’ralpcdlsevéveotstar@hg)asus (k@crmdugsoﬂmamtarch

odieP b BB B AR B 32 BRI A5G 1 P AL R ing
efryAe Sy hdded be) mdtfic @reofedrardikgrit dlsgdsueea ls@drbh basis). Assays
useful to determine the starch liquefying activity include those described in the
examples herein. Exemplary assays for the determination of a-amylase activity
are also described in U.S. Pat. Nos. 5,763,385; 5,824,532; 5,958,739; and/or
6,008,026 which are incorporated by reference herein.

Transglucosidic enzyme
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conposition contains greater than at least | % at
| east 5% at |east 25% at |east 40% at |east 50%

watodms2 55% at | east 60% at | east 65% at PEEER2060047781

by weight of at |east one i gmal to-ol i gosacchari de.
I n one enbodi nent the at | €a§¥ "5 one
i somal t o- ol i gosaccharide is selected fromthe group of
Costaatingdhe maltoseseith anda{nsglucmeldm enzyme obtaing a gram

enbodj nent, .t he anount of iso t ol i.gosacchar | de
cBTBAGIER Neyingn GPavatcelsIPvens ioafaidpescoba
d%ﬁ\/éd’from%@l% &5 ébrﬁ@foﬁmbsl g%ttggcgﬂhgl??‘grggg%lrﬁggﬂgéd @rﬁﬁxmieﬁtalyzes
hgd-Iytlcmwnamssfeoreaczklobebneecumatmamm alphtaed- gllﬂlcct—he

oflaGraengntss yROUeRITHELT DaIES Koibithe Gripprose. The

pREYERREI df tIesd Sudft WRRIthdis ¥oRletsRA e Plhe t‘ré}ﬁ’sgéluéﬁsmlc enzyme is
conp05|t| on. I n one enbodi nent, the anount

indicated ivan dn¢rgesed emauinteb Dp2tisacaharideshd h@rtéansglucomdlc

oERBAE G R4 SRR B hoi ORISR oo Pbotucosidese

ehaymeb 208 iddritified @tsarRAﬁselgmosn PASE L-1000{Sepentsr
nposition after the above described procedure

Intﬁtnail@égl ang.paad TRANSCLISOPIPE hdit Hanodeiaimes i@nt
h

(oo SeBhnl Boms shoolfeihe BASaRRUNA ERThe 1Y dorved

frgma fﬁéiz{?mmks lﬁdﬁagal éagg/ﬁtsa fe;@;}ASﬁ%@oﬁlMsSﬁ%RTlhe mnsgl%:bsxdlc
% and/or %to % e term

oparBpaneSIRaVPATIa AePREEUS R B SRTVe fiogh BPogHiusHger
lr%ﬁérén?ﬁoofiﬂ@ﬁ?ftﬁé*A E)e difud ﬁ?@? stPhinTBINTE ¢4 455, ( DP3)

present 1nt resultant grain composition. A higher

RBS val ue i ndi cat es a higher anount of nmaltose

t dt f t

BHF BRbcETeNE SoeTn e BT e FROSE-EoS e BTER fer

chRf:tleRith 2RO %Qbﬁ?&e&é gd #ed §rairf cOntainTAg botAIcPS. prb@uce

one enbodi nent ratro is greater than 2.0

nealtoses Ambinderataadshy thesermihe ati hiei Cﬂiag%m‘évamﬁhé@l@c

Peris et dRng 5rapouS BB s B EMIAtE PR bt
eviayinats aBBaty @‘tih@%ﬂmaead@eay@ hedne @mﬁmmatmj %to ;125 00
is noted that F’_ﬁ/drol ysi s guefied starch i}(rthe

tesebCesidpse @n&s ArhiP'd Jexn psgran%@lue%'@lﬁ%%ts) copiaded v
AR, 17an50ir ERURRRGER AR e lps Tou o
19LG0 TGU/yimeofdrhatisglumosifasedsd cantaicietywith iyergraincdhtainiag a

er | ow st ar of t fi.ed
Ui besi pher Paodieatl G he fyrentian. G B8 Fiou am of
g‘?ﬁiﬁ Aé‘%ﬁﬂaﬁ%oeﬂﬁwﬁe gRdIn RBntHAAg BOsthRHY. CASIErRETGU refers to the
uction of maltoSe. The term debranchi ng enzyne

acbflléy ef the emzz/mee@quirad towrodes s opgromole of panose per minute

%[1182004 0778fJt
e conditions of the assay

In one embodiment, 0.05 to 6.00 kg of transglucosidic enzyme is added per
metric ton of grain (kg/mt dsb). In another embodiment, 0.10 to 5.00 kg of
transglucosidic enzyme is added per metric ton of grain (kg/mt dsb). In another
embodiment, 0.25 to 3.00 kg of transglucosidic enzyme is added per metric ton
of grain (kg/mt dsb). In another embodiment, 0.50 to 1.50 kg of transglucosidic

enzyme is added per metrig ton of grain (kg/mt dsb). Additional assays useful to
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catal yze the hydrolysis of a-1,6-1inkages. An enzyne

of the class E.C.3.2.1.41 is wuseful in this regard.
w@\oogxngrpt ary enzynme of this class is a pul | aneGEUSEOE 7781

known as a-dextrin endo-1, 6- ﬁegl ucosi dase, limt

dextrinase, debranching enz anyl opectin

1, 6- gl ucanohydrol ase. 5 Contacting the grain

deterhdina iting trahsglabosidichadiivityinchginiho se rizgorbed inpthedtxamples

AR iatting: o 8 hsy Fac i .6 18487 £ DEapanheRy Vel tor
oielﬂé}?mhgﬁorg@% ﬁ‘él‘&éﬁ éld’éhet” WRRERGHE fcBF 6r5%d96ﬁfé?8re?lfce herein.

he grain use e enzy s are cont cte
i ncubated with the respectlve enzynmes for an
IIn woeembaodintente0.05 tab.00ks of ransglucasidigtenizyanet is B8lded per

etedan Bt glssABe starsh RO st d D In AR REneRfImShe, 0.10
16 15760 k@ﬁ)ﬂrén&@ué‘osﬂﬁlb' é?ﬁxﬁfe I%Qacﬁ)%dhﬁéﬂrﬁetn@ttoh SR gtain k@t

hours and/ or at | east hours.
starebisteb)).on anetber embogliment, R25ier3.08 l@fofttramgftmosmenzyme

38985 B TR SRR R SRR B B Siapent, 050
t6 4050 Ry %lf Yransgloedsidicretzyme ¢ ddtiddnsersHémicrten of geaid (kg/mt
sg;al n contai ning starch, the maltogenic enzyne,

e al pha anyl ase or beta anylase, and/or the
Ilquefylng enzyne, e.g., the al pha anylase. In one
enbodi nent, the transglucosidic enzyne is added
Apacesulieoft transgludosidese readtieis) itng nettoyatigiosdbetsaridescare

COBNBUPH SIS eRO AR RATISREHERD i AW £lese fa) and
anot@&ﬁa@fﬁg %ﬁgﬁlr@hﬁﬁgk‘?%ﬂoﬂ %No%lué@ rréélghé%hhﬁbd to a

odi ment IS perrorne efore
psinequry (Hydroxh grausr of gy glugpsaineetus fraanize nooreduaheend .

t h t,
Rl g Bl b R T iR BMefoge renose,
isdRafeefddd, fsdreametaiosecisoaidIRSpéitese dsamaltd heXbas Bind
tenperatures sufficient to ef f ect the gel atini zati on

Immgﬁ%h@ntqs.ec These sHaats aypdaceivingHaeressed attgntion es foad

PR3 batauie SR Eheb Pt il Bl chhage &1 o rces, The

daxiesmhisibiotyesfiaetabdiugessggadh atird bag r&mpﬂemehms edicrobial
gel ati ni zation tegsjeratures include 45 Cto 120 C, 50

lqul%%’i@%sﬂd% apeomPLeve hurpae indrsiiea! maistofloga geting as a
Qi‘g acrtcs}e(gi?%]gﬁdgrfbnz&thBB‘iétgﬂBSlgﬁlg'wcfg{-.él- @388, Effect of Isomalto-

nperat ur rain
dligopacatandes el lnahan fégab nfldral, Bifidbbacteri€ Miororflorg, 7,6 m-69).
anot her enbodi nent below 55 Cto 65 C, and in anot her
enbodi nent, below 60 C. For exanple, gelatinization

ﬁ&%ﬁl#ii@pﬂﬂﬂ%ﬂ&?%ﬂth@m@ B8shysOind8F HthePahalyical methods
wheat, tapioca, waxy naize, sorghum rice sago,

caunrtmmsfad tmdvﬂemm et aflig) pyssiveed. &nemstinod for
blrrﬁ’jg E%%Vf% fﬁMrX\nge% ﬂc?u%ﬂe%%'ugh performance liquid

chromatography (HPLC). For example, analysis of the mixture can provide an
indication of the levels of the various sugars produced by the process. A useful
rating is the degree of polymerization (DP) of the mixture. The term degree of
polymerization is a measure of ther relative amounts of the number of glucose
residues in the molecule. For example, glucose (one glucosyl unit, the lowest

level of polymerization) is usually found as DP1. Isomalto-oligosaccharides are
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-33- and Roels, J. A, Starch Conversion Technol ogy
(Marcel Dekker, Inc., New York, New York (1985), pp.

wa2e04b3t02abl e 1 Starch Kofl er Brabender PCT/US2004/007781

gel atini zation pasting tenperature tenperature (
range ( C) C Corn 62-67-727 480 Potato 58- 63- 68
60- 65 Weat 58-61-64 80-85 Tapi oca 59-64-69 65-70

udbally fdungen S 1660 fte). dhUNeSEmbAdiftent>
R cgy 68- 74 78 7§W%239 Sagggugo );sa 72 65-70 IArrr[otl\/\?)gram

copEsition mﬂta@ﬁmr@@t%mwwgaﬁoﬂésat leRebb%pat laast 25%, at least

3 o
4% st Bl Ba S SRR IHROAPH 1ot 68%. Bf RRST Q% by
waeeg IstudT] et ¢ st dr@ leombaslmhbe@écqhehded I8 whbiemhieodiniedt trRl 4t least
further enzymatic activity, but not gelatinize or

anedgemnsl nggﬁ@ﬁc‘mﬂdw sgh@ai?a fsomithe ggpw pfisegtpltgge, panose
8 Cf

R APl SrBcfiony e 3ol o cpfiir o

oigoSacuhavities prdductaoiniire geath @dmpmsiticof istdetwperdéhtind 99% of

i nvention further i ncludes the step of separatjng the
the GFA1) PR Siafo| piMeSRdnA e emavel Jasen lt%g

HhBEaCHAriBBs DY HFOBRIAGH s‘i’t:d?ﬁ"s*BEi’w 0% of
A ; I

e arts, exanp ut not 'mted WO
ﬂm:gralszocrmc@ﬁmmﬂn cmaembod%me{nt mlezaarneunﬂ cnfsscamamrd/ or

RS ENERS AR 48 BrU PSR S e 1% and 80% of
the gedin RLATH ARt LI heSeMbbinteHl, e arhd@hiesiissbRod he
drying steps described later in this application. In

cfigosarahagigBs diresuned infbe grinsosPasiian lﬁubegwee@ rh% med 70% of
EBPARERBAUE, SHbRCaTRaRRER S el F KRR BB e
sugar present in the grain composition after the above described procedure
includes a level of maltose in the total sugar content of greater than 50%,
greater than 60%, greater than 70%, or greater than 80%. Levels of maliose
greater than 50% include ranges from 50% to 85%, from 55% to 80%, and/or
from 60% to 75%. The term RBS ratio refers 1o the ratio of maltose (DP2)
present in the grain as compared io the level of maliotriose (DP3) present in the
resultant grain composiiion. A higher RBS value indicates a higher amount of
maltose present and thus a more complete conversion of the starch to maltose
as opposed to the presence of other less desireable end-products, e.g.,
maltotriose. In one embodiment, the RBS ratio is greater than 2.0. In one
embodiments, the RBS ratio is greater than 3.0, greater than 4.0. Exemplary
ranges include an RBS ratio of 2.0 to 50.0, 2.0 to 30.0 and/or 2.0 to 10.0.
Various RBS ratios are described in the examples. It is noted that the hydrolysis
of liquefied starch by commercial beta-amylases (barley or wheat) generally
produces a maltose content between 55% and 65%. For maltose content
greater than 50% using liquefied starch, the addition of debranching enzyme
and/or a very low starting DE of the liquefied starch was previously required.
Optionally, the addition of a debranching enzyme can be used to increase the

production of maltose. The term debranching enzyme refers to enzymes that



10

15

25

30

The evaporated concentrate can be subjected to carbon
treatnment (filtered through carbon granules) and /or

wo ewotlogro2z hr omat ogr aphi ¢ treatment to provi de PERUS2004/007781
isolated IMO liquid concentrate. The isolated | MO
concentrate can have an |M3B8oncentration of greater
than 75% greater than 85% greater than 90% 10

cﬁfa%echetHWfbl i%0of B £ BLIRkabBaN AR ShzyARdoDhe WIS BIC.3.2.1.41 is

than 99% ~Anot her enbodi ment of the present invention
upeful methuas@gard i Abexesiplanenzyme okthis ¢ass is @ pullanase, also

b s Ry B RES R e T St %%%5%'29%9

eh2yve! amypesih 4i6- gm@anEEh rdEyent of the
i somal t o-sacchari des can be in the anmounts or

fornmul ati ons as described as is U S, Pat. Nos.
Contrptingghe ggaipgONEBRINAANCH W) aanalippenieaRzwee to produce the

BRI he Yontding 368 nd BB il 08 Rt iiBadiik! fyfife occurs

enent| oned sona osacc
ata tbsmpataiuregleas thaot tha@niatlmzammsidmpmatwe jof okl stareh of the

owder i gecl udi ng the grain cqnposi i call
ofein Sty g e e chsitartas of s ptechull g Fespstive
eEE@th R RPHCLbAMOIF MG H1éRd 1hGurdest |E8&t TBPhSlid! St least 24

using a suitable drying nethod, for exanple
hbuts abteast a0 thedirs and/os pit leastiBG dours.r dlye per|9d|of at lesist @ noted

Al Rsrsth ReiotEy b HERS. 2t ot miah BSlus: gt 1ngst 24-48

h@Ml’%O%@ttéMﬁ ifEUbafB N Yinsks Fefé@t@qad P68 B tithe 7 tHY conversion of

%/)@ng the grain COfT@IOSItI on, slurry, separated
malose @itee subsimterto dMeds.afThe transpluspsigic enzyraeicanibe

0851%% ad&l §c§jd m%éra’ce% PE&H&E%@&%M fh%ngub-gﬂr%t i Ogram

resu I ng OUI‘ can I ncorporate

contariag tstamls the méltaderiid enpymeengs tiod alpha amylase or beta
i somal t o- t%%;lalaccharl des is desired, for exanple in

af"B’&ﬁ)Sestaunfj geRivig e e 4.9, ﬂ?%%'lpﬁﬁ)amw@%@ Inone
?rqgio‘imé tﬁé‘%ﬁé&@%&&@%ﬁgﬂ@.st o u?r@ﬂtl)zwmt e
e use of t

ers tof |sorrat00|gosac har'i
Ilatsefalr@penzryhke ‘Ohusrit @né emboaimant, stepgr(a@iaadt(b} are pmﬁ)rmed

P BB AT 2 BoRRErbIS Nens 0 froned sbe Befibmed
s@&ﬁéﬁi@ﬁl@%’s@%?&%lge?rﬁ anbhe i h RSimR b Qﬁé @%}5 (a)tlé‘ Berformed

dried powder can i ncorporated into

bsfaspistere(i)s Theri@rmrgﬁbatguz%ttqrd@meraumee mfee&itodbr@d@mperature at

WRIE RPN GRS .o BRI hanatires

Veiile theesgeelfitLibpipeiatues varied frafngmairsto glaimnemiperatures sufficient
matri x as, for exanple but not limted 5 to, dru

tq)@ﬁg@trtbe gelajivization ‘ﬁrséﬁf@hé%cméfﬁrﬁ?qserﬂ{ﬁ@t%lﬂé%n éﬁﬁ%csreater
UAREROE, BRI o0k o8y Ui A T EERTER, Sl
gferdtecthanrm]%(d e EmenTplaﬂyeterrrpezad resgrebterdhde mh@fndlcated

ge atlnlza |on gr)nperatures include 45° C to 120° C, 50° C to 110° C, 50° to 100°
C. In one embodiment, e.g. wheat, the gelatinization temperature is a
temperature the grain is kept below, e.g. a temperature selected from below 50°
C to 70° C, in another embodiment below 55° C to 65° C, and in another
embodiment, below 60° C. For example, gelatinization temperatures have been
described for corn, potato, wheat, tapioca, waxy maize, sorghum, rice sago,

arrowroot amylomaize and/or sweet potato as shown in Table 1 (Beynum, G.M.A
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m crobeads, pellets, pills, mcrotablets, conpressed
tablets or tablettriturates, nolded tablets or tablet

wo eiososmees, and in capsul es, which are eitherP¢EHUS2004/007781

soft 10 and contain the conpgsition as a powder,
particle, bead, solution or'ﬁ?‘s‘pensi on. The dietary
suppl enent can al so be fornul ated for oral

ANROEIB D .| SRarés CanvéigioH TethriloGyanaRel Pekkér, .
aqueous |iquid, as a liquid incorporated into a gel
Nﬁ%éflﬂf@(b?g@spanlﬁ-éﬂier conveni ent form for

adm nistration or for rectal admnistration, as a
suppository, enema or other C?QMI%W' ent form The
isomalto |5 oligosaccharide conposition can al so be
provided as a controlled release system The dietary
suppl g8tnrchf or nul ati griKaflen al so i ncl Bdsbavdert ype of
acceplable exicipients, additives or vehicles. |For
exanpl e, but not by W&eldnization: ati pRAsN® di | uents or

fillers, such as dext rt@ﬁ@%ratgf al ci Jf@rﬁg&%‘?u'}%t(e’
calcipmsul fate, |aqtose, cellul oseg, ol n,
manni f ol , sodi um chl gradge (Y€y star¢l) sorbitol,
sucrope, inositol, pgwlered sugar, bentonitc,

m cr oprystaH-+re—eeHypse—or—hyeH0xypr
net hy CaM ul ose may hd20628 t o

i somaH-e—ol--goesacecharide—conpositi-pn to —increase the
bul k pPotaia conposi ti 5'%’5.‘6%6%, bi ndeP8:8%uch as,| but
not I—m—t-e,d_t—o,_z-s_stau;hg@%e.l_afi n-tsucrose glucose,
dext r p¥eeatp| asses, I|&&®E64 acaci a| §8B5 sodi um

alginate,_extract of llrish npnss  papwar gum ghatti
gum nligPicage of i sqfob488sks, 65-70

car boxynet hyl cel | ul oge, nethyl cell u] ose

pol yvi Wexyyvlaiaei donc,| V#0728 and st abb+Car abogallact an,
pol yefhyl ene glycol, | ethylcellul ose,
gl ycef $brghnmst ear at e | B8d74a@Bes, nmay|B5-3dded to |t he 30
fornmulation to increase its cohesive qualities.
Addi t) Rzl | y, |ubrica@8s74-§8ch as, bup-7%ot |im tled to,
gl yceryl nonostereate, talc, magnesi unil5 stearate,

cal ci ugngbearate, ste®mo-6-Fei d, hydleggsmmat ed veget abl e
WO 2004/ 081022 PCT/ U$2004/ 007781 -36- oil s,

pol yet Bpbhemnsoid! ycol , [sadssimgbenzoat €, sodi um aceét at e,
sodi um chl ori de, I|edcine, carbowax| sodium

| aur yl alyich8izeand Magrego ol I aur yI | spldst e may |be
added| to"the fornul atji on. Al'so, gligants, such as but

not | I §lveBfPbBio COl T Oi5gah5-7a I T con UggXiqie,  magnesi um
silicpte or talc may [be added to inprove the flow 5

char acteristits of a powderedformulatTom—Frmat|y,

di sintegrants, for exanple, but not l[imted to,

starches, clays, cellul oses, algins, guns, crosslinked
IpahpitErsmijediment obthegrresénisiayentiars oy sllorye aftanthe incubation
sodi um starch glycol ate), Veegum _pethyl cel | ul ose, .
i A3 Buer e S 2 el Tep A B R LIR T RaE spaymatic
aehvBE Dut not gelatinize or liquefy the slurry. For example, the slurry can be
heated to a temperature of 80°, 85°, 90° 95° or 100° C for a period of 5-60

minutes, 10.0 to 40.0 minutes or 30.0 minutes.

New York,

Another embodiment of the present invention further includes the step of
separating the slurry into insolubles and solubles. The separating step can be

by any chromatographic method known in the arts, for example, but not limited
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cation-exchange resins, alginicacid, guar gum citrus
pul p, 10 carboxynet hyl cel |l ul ose, or sodium | auryl
waoias®2ni t h starchmay al so be added to faciPCT/a8®04/007781
di sintegration of the fornulg%i on in the stomach or
intestine. Another enbodi neHt "of the present
invention is the use of the novel substrate, tuber or
tg HALC, cimepessitsion atdiarrdhaege bleroanatographlye Rilterthgetarobe used to

'ngaﬁ{}agg%form%ﬁé rohesaliies DRs Mroldios neantmuugy can be

e
SPPRCISE B EUTRETIES fRSorbRd AR, B8 ShnitERn, AA2rbmdt
ebﬂjoehfngnbdh;e solublesi regulfiegditon the ségaratikg stepca bes.

oBcamrated b mporaas o cRetise L TRIG ErapSAbPRarsy fRing, ete.
Tqil%né’ua%ord?(ba %%n@@ﬁ‘tré’t%sddd @ésu@@cﬂéﬂqma@ﬁdn Hﬁbﬁﬁéﬁﬁﬂltered

goods i ncl ude nmat zoh, chapat hi, breakfast cereals and
through lcaghomgisinudas) amlddr fusther ehrarmatographiatreatmenit toqurovide

o e el U o A BRI P82 pve ar
IFOCedncehtratio s lof @P@sﬁdr ﬂ@ms% Rt 1R8AE5% NyreatdraRan 0%,

a substrate, tuber Q%’aln conposi tion made
greater handa%. gre@tgrbf@aa é@@ﬁdﬁ@ﬂgmwdbanmc%her 25

enbodi ment of the present inventionis a flour
A%%@Pe(rgeétgr H%%t t%gpﬁ@%tsggt ﬁwvgﬁtg%rglfsghgrﬂe%ﬁgé‘&ﬁﬁ@t‘?%%f such
sgmdhmaifo-bﬁ@mebaIMes mze/muatmally slegined fr@im the substrate

rehydration so

hagmdrrt%l@;m%edi if Gl yeBvd e SSieas. dhgamount of the
E drides4pd MiBe %nﬁémgé of ?or%Lﬂé tfé’é@@ééérikﬁé@i as

an be nade according to t

ove descr
UTStFPEidNOAn@QBérESWnﬁcﬁHGI&% afd/om® 7B ETént | nventl onis
a substrate, tuber or grain conposition nmade
according to the above descri bed nethod. Another

ﬂ@mﬂ%’d drRbbdifferit e tHe preeeht indERHGM RNthedrpingWIshé @Tcﬁ*ementloned
tuber or grain conposition nade according to the

isgraaito-aligrsacebaride sHbstratangraie pr tuber commsitgrto produce a

%&E&g@é{‘@%%g}adg égg}p%gﬁ%w %ﬁceﬁl&a{m&e dgf n‘ﬁ%gfé%) is accelerated

byrhe‘a@uhgemhe‘geénhmwﬁ@ can be mbdab esdedhed mmaneeevel by
the novel grain conposition can be used as described
USHOa BHITALIE EWINGTBiROS s T ESamPlR UL MOT IRVIER a6 SAraY drver, tray

B0 0 8P et I Ot U A bcics an
bearseal, $ar é)eannpiecappay diyéth, iavapemtiveattyingatrsler Teduced pressure.

I somal t 0- ol i gosacchari de contai ning substrate can al so
be subjected to an additional step of recovering the

BRAA/RRANRYraiH RbbSfod My Wbt Bd GhsdItiSles, and/or separated
solubles, a flour or other dried powder is obtained therefrom. The resulting
powder or flour can be incorporated into compositions in which the presence of
isomalto-oligosaccharides is desired, for example in food stuffs (breakfast
cereals, pastas), food additives and baked goods. ‘The term food additive refers
to the use of the isomalto-oligosaccharides as a sprinkle on material, as an
ingredient for use in the manufacture of other foods, and/or a topical ingredient
added to the food. '
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generated nmal tose, for exanple as a maltose syrup. The

syrup can be extracted 10 and/or isolated fromthe
w@e@inoswenposi ti on by nethods famliar in the BCT/PS1004/007781

exanple in U S Pat. Nos. 3,922,196 and 4,113, 509,

whi ch are incorporated by 18Perence herein. Another

route to enhance the sweetness or the

Irh 8AGIer @nfidaUneRt ehadiee poweRt eah bel .ﬁccsr@otat@atmtbff@od
produced i somal to-oligosaccharide syrup with

a
shpdleorete The in¢aiperatign|af the driggdwemndes éHOfaofp@ﬂ sMpiptgiment can

B35 B AL RGP THE K, puggents can

bedoahfiiated forfopdl adnsination o a%@@md%afor@&m[ﬁ&mh@tshmlted
of such an enzyne is gl ucoanyl ase from A. nicer or

totdieg PoyEeEBCIYSRE, Aé%&@@.am@gp@acleér(wmhzlaéwesqﬁrtlcles
'dcciho%e&‘a%%% hﬁ&rb?h té%dE%I%Jégﬁggrﬁ)sB_h(’are§haenndo§/nlcg_oc%ps’ules),

naI osacc
paetgﬂ@e/eﬂldcla lrﬂﬂhd@palmbldﬁ sizekbon tiad orfer b phillietkters), beads,

BPBEENRPUIES HilP, B biap Ao CPATOSRRCHoBISIS Of ibigrgurdes,
aaa tabletd or t%%?? Gag? ,13',(?)3‘2?_ %%g»%ﬂ%% Ahidd é’rle%tlfe"f"hard or soft

em stry, 23 H rom K
avid coﬂtalalthe BompberDnaasm pdephymrhdeﬁheaﬁ solutlon or suspensmn

THeGHARH Spoklaniirt et e 68 ITBRHERHIpI el S8ministration as 2

s%tmﬁn@h%r@fsﬁ@ﬁélbhlﬁaﬁ %u@@uémabUeﬁs aﬂ'ﬂtﬁd RiteYated |ﬁf8 a gel
capabl e of hydrol ysing isomalto-oligosaccharides and

capsuleqiias aimpethee comeenientformifoyadminisieationesy fOpr@;@Int

i e SR ikt R ok CoPVeph i e Ysomatto

oﬂ?@@accﬁ&?dé%&ﬁipo&&m alsdlbgopretdded as a controlled release

pha- D- gl ucosi dases which are called maltases can be
SYSEH- The maltase from 30 yeast for exanple will only
hydrol yse maltose and to a | esser extent maltotriose
(Kelly C. T., Fogarty W M, Process Biochemstry,

THieydidtang cUPBIB et mmulmmme&aﬁmad@@mwﬂmoﬂaemsme
he h

lysis of th o
SHaRiBhis: PURliEe ALFYEES: BogPIRBEls, bihBoLGY WY oL Himiigtion,
ADEACNARGIIIER, IsPEARL R @ISO SR SRt phitel calcium sulfate,

chromat ographi ¢ technique or by nano- or
ladtosa-dalltosat kaolin, Thanrtitol, |8@dmg c:bioand@L dyy sferale spebitol, sucrose,

nsalbuelidermd SaR SernE, BETRRo el felue (B efSkypropy
méﬂqy@bn@bgeww 59 BEHASH td Masnaidol ddmacaaiérm@cc%pbélﬁon to

i nventi on. is to be understoo hat these exa

ingreasethe bulk@ﬂh%@@m@owpnoél@@ bimdgrssyichas, but agﬁdlml&ﬂ to,
A YeiBlifeluciyid YidoZrbEk LS hbiBlses, lactose, acacia gum,
sodium alginate, extract of Irish moss, panwar gum, ghatti gum, mucilage of
isapgol husks, carboxymethylcellulose, methylcellulose,
polyvinylpyrrolidonc,Veegurn and starch arabogalactan, polyethylene glycol,
ethylcellulose, glycerylmonostearate and waxes, may be added to the

formulation to increase its cohesive qualities.

Additionally, lubricants, such as, but not limited to, glyceryl monostereate, talc,

magnesium15 stearate, calcium stearate, stearic acid, hydrogenated vegetable
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10 in starch and contai ni ng endogenous mnal t ose

produci ng enzyne, for exanple, wheat, rice, barley,
woradow/08pet at o, sweet potato, etc. Enzyrre ACtIVPdT’;‘//US2004/007781

Det erm nati on The transgl ucogbdase activity is

measured by the nmethod of Shetty, J., et al, 1986

(U.S. Pat. No. 4,575,487). 15 The beta anyl ase
oastpout/]éthylmge gipas, L&c&ﬁhm)bmgaateglsggtéencbxzd’ﬁmé ysoiddumnfchioride,

starc Su stratea 4 an The reducin

SIS0, Cor o B ATY s IfRtpn POF SPaGs UM S L HaatE may be

gq&& kB § c%%ngflé’db‘?pwﬁseo ?ﬁh&ﬂtsahw L8eut ﬁgf I'irﬁl‘&%!‘tdj%ollmdal

e unit astase activit expresse
s{lich P diefide anagnédiemasiinate ootalc enawbe addemt(almmbverth@ flbw

o RS B S PR .o
not [inited 5 edthidhes. ciags, %Ilg%seﬁhﬁlgﬁshgygf%?gkﬁsshﬁked polymers

I ncubated wth 100 of the su hour a
(20.,coscarvekispherospyvidere,zand smdlymnﬁtarcdtegiyc@ptaj Yesguim,

rpeREefiesg aqhrEEnigH e ceypsRBE b g™ pESARE dfature sronge.
caﬁbﬁ@&@ﬁéﬁﬁ teékns, %@R@bld"\@ﬁaﬂg@rﬁob‘{@@ pulp,10n  of

sterile r followed by. a 4°dilution in assay
ceticymetByasiiiiese arsodivm &aurylpwlfate?wnbrﬂwr@bmﬂymo be added

e 8Hh DBy SRR R

cuvette at 25C. Rates of hydrolysis were neasured as
t he rate of change@ of absorbance at 41 Ownh after a
At!]’@f“éﬁf%ﬁ‘ qaiment gk P"ﬁ%‘@”b%ﬁ&)“o'%\&sthﬁ%@aqf @npyeysd{b“sgrate

e TR ROt AR 530580 o g

vedsusrbaked gdods. hetiaen Stahaaﬂgmddglrefemtb leAssiagd and unleavened
Bi,o- Rad Laboratories) bas onth met ho
oBPYE: 7 (SRR drSVeBiegatsis 16 Dokd 09t peingaeas bythp baking
PHSEERS. Wb%%é%&?rﬁhhl&ﬁv@né& %ﬁ@@f&dﬁakéj ﬁ@tttf’s?’ng yeast in

The wheat flour used as substrates in alT exanples,
thebakingdirasess. f Exemplenagpods inciiglechraiads cooldes, .caeepies,

ol St it Ponte. Btient afins, deincs, M A SAUIRE
E@wplammev@m gm ihQluREafigSshNehARTRRBYeakia ANE$ELls 2nd

provi nce, Chi osacchari de Anal ysis The
tedlaso sinatoar @mbpﬁmrﬁagtth%ﬁrqﬁe@@ investign is the use of the novel

oGP G ol TR, BfoulR (pEite, (BoRRL fagagna.
uclohpete.). ( Ranmer&mt&%nh'lent\/bhm@ebanﬂ idesntiomigisnswstede, tuber
o?tgraqg%ofrﬁpgcgs?t?lonwm% eaacE:SI ing %o ﬁ\e above described method. Another
embodiment of the present invention is a flour comprising the substrate, tuber or
grain composition made according to the above described method. Another
embodiment of the present invention is an oral rehydration solution comprising
the isomalto-oligosaccharide described above. Flour comprising the substrate,
tuber or grain composition can be made according to the above described
method. Another embodiment of the present invention is a substrate, tuber or

grain conﬁposition made according to the above described method.

Another embodiment of the present invention is a substrate, tuber or grain

composition made according to the above described method. Another
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index (RI') detector (ERC 7515A, Rl Detector from The

Anspec Conpany, Inc.). Dilute sulfuric acid (0.01 N)
wow408®a2 as t he nobil e phase at a fl ow rate oPCODUS2004007781

per mnute. Twenty mcroli teé of 4.0% sol uti on was

injected on to the colum. 2 7The col umn separ at es

based on the nol ecul ar wei ght of the saccharides. For

egnttirhentofithei geséntanveritionRs the use wbtras acedi igraie, copysdsitions
as glucose; a designation of DP2 is a disacchari de,

Irstﬁ,rme%vwszp?bwertswrcw@ﬁgﬁ&sr diprsxapipie; therovel grain
cB@@%ﬁ%Haéa‘n%? u§é‘&“%s déd’L bé’é‘%ﬁﬂ nfoiBn S H2AbES h
I'S Ing a degree of

osacc ar |

Imtematienalzﬁublmatlbamo WO@ZdQO'/gereAﬂ ewhichtie irtorpenated by
refetaitis T Ehe ParoldtanerRasTions Ca Sfsod. earporated in beer

%gﬁ ,the reaction products were neasured by HPLC

? gl ent 1010, Palo Alto, California, USA) equipped

with a HPLC col um (Shodex Rspak Qi gosacchari de

T(hel isomak®oligasacchanidatcaintainingtsubsitate caredlsBdansubijected to an

f d d
iR R ot pRE et TS b SR RDANHSPIATERyET S8
g(eﬁ@fehé@ ahalioseVViraixanisie ds efmafodd Syrbi Tie splpTainde éxtracted

flowrate of 2.5 ml per mnute. Twenty mcroliter of
and@risdpied feemithe grainjceppasition bsorrtahfeod;%famwhar imte art, for

SRR 3SR soten 099 7 45058 MERatd indiarated by

r&ﬁ@eerﬁdeah@t@m sugars, glucose, naltose, nal tot ri ose,
| somal t ose, panose and i sonmalto-triose (Sigm

Chem cal s, Loui s, ssouri USA re.used
Anethesrauis W'?%IG@ ¢ SE"%‘E the Nggmalie- Oﬂg%?ﬂ%’ﬁ"?ﬂﬂe
clﬁlh B 86 trebt fHéV pr@du@%a ? nni{[?-éﬁéao arge ‘s%r‘ugsthh a hydrolase

enirforms (an alp se sol d under
(inrsdeivia e irGeRGH BRI rm Pwiishdndoelyses prafarandially or Peen

Riyely pff QiRScaAEE o RuphAs OBhGe sis) deiendis Ainiy for
|édrh§|tdlaﬁg?d§a@bhana’@é .OERb# mﬁles%)suaﬁraea é‘@zwaé @glué@@mylase from

hundred Tifty grams_ of eat flour from conmercia
A. aniggr|ordberceairges like Agperaitusi sp. o5 Rhizonvs sinivdiich pepferentially

I‘&@Foﬁﬁe nﬂ%ll%%%gggé]%érh%ﬁ'f‘%‘%z f\ﬁé%ﬁﬁﬁﬂ ﬁgghéﬁwg eﬁ?ﬁﬁavendra
Rdd MR, adhurasiest A(prﬁli@d@@clhémtﬁlrgha(’l%i%a}%& ZﬁﬂgﬁwégheTm M., et
resul tant suspensi on was in a wate

Aa BHAtREIHIIORN a@@ﬁ*qer@lﬁ?@rm’ ﬁﬂ("&ﬁ%)o@%@ﬁﬁol?ﬁ;urn# Ai-nifleppe
S Sobie BTSN R AliGEza aLon) 108 R, o .

Nm@m §tfal gRioGhimeina @t Biasprmsith«;taaBOZ(1973) 362-37).

Also an enzyme like the alpha-D-glucopyranosidase from Bacillus
stearothermophilus can be applied. This enzyme is not capable of hydrolysing

isomalto-oligosaccharides and will only degrade the malto-oligosaccharides
present in the isomalto-oligosaccharide rich syrup (Suzuki Y., Shinji M.,
Nobuyuki E., Biochimica et Biophysica Acta, 787(1984),281-289). Also other
alpha-D-glucosidases which are called maltases can be used. The maltase from
yeast for example will only hydrolyse maltose and to a lesser extent maltotriose
(Kelly C. T., Fogarty W. M., Process Biochemistry, May/June(1983),6-12).
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Inc.]/Metric ton (M) starch dsb ) and 15,100 LU g of
anylase fromBacillus 20 licheniforms (0.6 kg GC262

w@RokiogreR} Cenencor I nternational. Inc.]/fit. sSPEr/Uk2004/007781

dsb) were added separately gg i ncubated wi th constant
stirring at 60(r) C. Sanpte®-were w thdrawn at
different predetermned intervals of tine and
Aﬂeathezl@yhrbq/s@@ﬂthé nsalfRoligoeaeolatidentougiuogse, the syrup can be
ressure |iquid chromatography (tHPLC Two m of

eaaawglmmmﬁﬁﬂakgp%fﬁﬁf@é@ﬁswﬁ ahrﬁ@?a ggraphic technique or by

d 5 tinme interval using a plastic
”gf‘g ﬁ@hg]r@ﬁ%ma'ﬁsferred to a centrifuge tube. The
sanpl e was centrifuged at 8000 prmfor 3 m nutes. The
Thegellowing exanwgdes senviedo dlustiatetha imaircembodirgrtstaf hteis
and _.a few drops were placed into a sarrple well of a
invegtianAR2 00 (Leica M crosystens, Inc., Buffalo, NY,
USA) digital hand held refractometer and recor ded
EXEkMPEE® - The Brix (as a neasure of the 30 dissol ved
sugars) of the solution was determ ned (Table 2)
Tabl e 2 WO 2004/ 081022 PCT/ US2004/ 007781 - 41-
Toeripbowisespetificieyaatnles §rihesilusiiaie Hieecorgposifiens and the

RSSO Lo SE S [ KRS Rl ro o

illugtratied parpobesniylamd gan de fipliedftd @ny dBbreURablentaterials rich
Sugar heat| ng.at 80 C, 30 mnutes 2 hours 4 hours 6
"’h%@i’@‘ fRd sapENINg ﬁﬁgogpﬁm@ g@ltgse grefduging AR THS e fopeyample,

"Sgargeilosntt @Eégoz B G, 70 410 B, DPL
2.67 2.89 3.23 St ear ot her nophi | us DP2 65. 10

inapm97] DP3 10.62 12.18 13.07 13.42
0. 6kg/MT st arch Hr. Sugar 21.61 17.49 14.62 17.58

TBES[PaZIstg %9%%@%% aé%vﬁ;? @%%eg&u%% yotheE?‘he ho%l ef%ﬁe(f[}ml et al,

1986 (U.S. Pat. No. 4,575,487).

The beta amylase activity was measured by a 30-minute hydrolysis of a starch
substrate at pH 4.6 and 20° C. The reducing sugar groups produced on |
hydrolysis are measured in titrimetirc procedure using alkaline ferricyanide.
One unit of diastase activity, expressed as degrees DP refers to the amount of
enzyme, contained in 0.1 ml of 5% solution of the sample enzyme preparation,
that will produce sufficient reducing sugars to reduce 5 mL of Fehlings’ solution

when the sample is incubated with 100 mL of the substrate for 1 hour at 20 C.

The alpha amylase activity was developed based on an end-point assay kit
supplied by Megazyme (Aust.) Pty. Ltd. A vial of substrate (p-nitrophenyl
maltoheptaoside, BPNPG7) was dissolved in 10ml of sterile water followed by a
1:4 dilution in assay buffer (50mM maleate buffer, pH 6.7, 5mM calcium chloride,
0.002% Tween20). Assays were performed by adding 10ul of amylase to 790ul
of the substrate in a cuvette at 25°C. Rates of hydrolysis were measured as the
rate of change of absorbance at 410nm, after a delay of 75 seconds. The assay
was linear up to rates of 0.2 absorption units/min.
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[ GC262SP] DP2 62.43 64.36 65.88 58.14 0.6kg/MI starch

DP3 13.19 14.82 15.93 16.69 .dsb Hr. Sugar 21.52
wQ@Q700288m42 23 21.14 BRI X 17.40 18.40 19.10 22. 6BCT/LS20041607781

results in the table 2 showedq that wheat fl our

i ncubated with al pha anyl as& 91 om Baci | | us

st ear ot herrmphl | us gave a higher naltose content

%Itd@elh hncemrtsewas eaturéd einghBeisiaithal iBie-Rad

W|th al | ase fromBacillus |icheniforms.

A%@Mtﬁam -Bad dfahmztafleﬂ kagedwn theamethodehBrasikerdr Asal. Biechem.,

0 T 08 TR bOSEERSHATn] Bpigedhpiyect 6o, 30

to i ncubation of wheat flour w thout al pha anyl ase
addition. It is interesting to note here that ‘the

: product of al pha anylase from Bacillus
st earot hernophilus resulted in a higher ratio of
mal tose to glucose and naltose to naltotriose

Thenwhegdidur el substratss ihraineBanple Uwas palehastarfrom retail
These results indicate that the al pha anylase fraom

ceE¥NErGial Sieresr oPHET iRl QraraimeLhsiraies. @sge raang barley used

BT SRS IR IRl P o

pobcdming tompahgaliandstunpolinces Chine)a anyl ase (al pha
anyl ase sold under the tradenanme GC 007by Genencor
International, Palo Alto, CA) concentration on the

SO HARIVAhRRZiSIUr i ng i ncubation with wheat flour.
T e conditions were identical as

explained in Exanple 1. In addition, Bacillus

L RO R
HP[@C%AQTI@W 7EQ, Pald Alb eCalifodfa T@SJ:\Xz eduishbbacditos H%Lm)l golumn

Anyl ase GOOO? Concentration on tose Yield durin

(Regan 845ha hManesacchpddes), malmamed@tﬁmmma&e?ractlve
L) VB TR 789uh, R cReciSpAEATHEAp 38 EBcfmpny, nc)

Ditwtd/Subitic é.cn&KOZlﬂN) Waéﬁsad%& thetraslsite pllséisdlﬁ’c?a ﬂ5w5'€te of 0.6

64. 25 65. 63 70.22 DP 15 8,03 11.68 ugar
lgogygmipwite; ol venty migrp |1@3‘ of 4 O% solution was |njected on to the column.

The column separates based on the molecular weight of the saccharides. For
example a designation of DP1 is a monosacchride, such as glucose; a
designation of DP2 is a disaccharide, such as maltose; a designation of DP3 is a
trisaccharide, such as maltotriose and the designation DP4" is an
oligosaccharide having a degree of polymerization (DP) of 4 or greater. The
term Higher sugar (“Hr. Sugar”) refers to sugars having DP greater than 3.

For iso-saccharides or branched sugars,the reaction products were measured by
HPLC (Agilent 1010, Palo Alto, California, USA) equipped with a HPLC column
(Shodex Rspak Oligosaccharide Column #DC-613), maintained at 50°C fitted
with a refractive index (RI) detector (ERC-7515A, RI Detector from The Anspec
Company, Inc.). 70 (Acetonitrile):25 (methanol):5 Water was used as the mobile
phase at a flow rate of 2.5 ml per minute. Twenty microliter of 4.0% solution was

injected on to the column. The column separates based on the molecular weight
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BRI X 17.80 19.20 19.70 21.80 0.2kg/Mr DP1 1.71 2.13
2.37 3.90 starch.dsb DP2 62.47 64.34 65.44 69.30 DP3

W®2008/0810Z8 8. 58 12.27 Hr. Sugar 29.07 25.75 2Z2BCHUS2004/007781

14.53 BRI X 18.00 19.20 19.80Q 21.80 0.6kg/ MI starch
DPl 2.67 2.89 3.23 3.17 .dsf0DP2 65.10 67.44 69.08
65.83 DP3 10.62 12.18 13.03 13.42 Hr. Sugar 21.61
ofltheASacthabfided./TivSstaRBbM 48gars, diBcébe, ?rﬂa@&ee?%nil%tndé_;e No

significant effect of different |evels of al

ispmyaliese, aanw@aﬂﬁ@qm@ltmhrtqser(sdﬁma@twnlcals@ﬁi Lvauis, Missouri,

URPLRE Ll oBraGinGERE £ Rer optim zation

"~ st udi es 0.1 Kg of @007/ Mr. starch, dsb was used. WO

2004/ 081022 PCT/ US2004/ 007781 -43- EXAMPLE 3 One
hundred fifty grams of wheat flour was suspended in

E@Q%Eo{ dei oni zed water and the pH was adjusted to
4.50 and 4.00 using 6.0 N H2SO4. The slurry
was stirred well for uniformrrixing and the pH was

usted until_the ed vaas stabilize @0007
Milosa ragiSionramasasAlious Pl a s Byiase TBpiElus g
ik rw(dmélbgatagn%léée 694 dndef'M5e ﬁég’@h&ﬁle‘@t?&SP by
W rawn at er f

ent predeterm ned Intervals o
Geanencanthtemmatiooak &sila Atio, GA) ahe Bacillus siearotherimophilus (an

T el BRSO St Y Gl tons
Pialte ARat CAN \ﬁéré"&tﬁﬁbaﬁe'downé\hhhdl%% r3bhd bt \&heat rour{from

I ncubati on Ti me, 1 hour at 60 BRI X Percent g
chgumercial peigil Sograasuras suspanges inzk50 mibaf deigpizgc zrvzater 7the

s@ﬁp}%?lc%gg\@gsstﬁ%d%r % n%zufejs a%o% te%;fe?falj(ﬂe %)r Jlﬁfo%r% mixing
(pH 5.5). The pH was adjusted with 6.0 N sulphuric acid (H2S04). The resultant
suspension was kept in a water bath maintained at 60° C and stirred for uniform
mixing before the enzymes were added. About 6,000 LU/g of amylase from
Bacillus stearothermophilus (0.6 kg of GC007 [from Genencor International.
Inc.]/Metric ton (Mt) starch dsb ) and 15,100 LU/g of amylase from Bacillus
licheniformis (0.6 kg GC262 SP from [Genencor International. Inc.)/vit. starch

dsbh) were added separately and incubated with constant stirring at 60° C .
Samples were withdrawn at different predetermined intervals of time and
analyzed for fotal sugar composition using high-pressure liquid chromatography
(HPLC). Two ml of sample was taken from each container at a predetermined
time interval using a plastic pipette and transferred to a centrifuge tube. The
sample was centrifuged at 8000 prm for 3 minuies. The supernatent was
withdrawn from the centrifuge tube and a few drops were placed into a sample
well of a Lecia AR200 (Leica Microsystems, Inc., Buffalo, NY, USA) digital hand
held refractometer and recorded (Table 2). The Brix (as a measure of the
dissolved sugars) of the solution was determined (Table 2) .

Table 2
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The resulis in the table 2 showed that wheat flour incubaied with alpha amylase

from Bacillus stearothermophilus gave a higher maltose content compared to the

maltose content from the incubation with alpha amylase from Bacillus

licheniformis. Incubation of wheat flour with alpha amylases resulted in a

significant increase in the dissolved solids due to the hydrolysis of the granular

starch compared to incubation of wheat flour without alpha amylase addition. It

is interesting to note here that the reaction product of alpha amylase from

Bacillus stearothermophilus resulted in a higher ratio of maltose to glucose and

maltose to maltotriose compared to alpha amylase from Bacillus licheniformis.

These results indicate that the alpha amylase from Bacillus stearothermophilus

is an especially useful enzyme for producing very high maltose syrup.




the tradenanme "GC 007" (Genencor International, Inc.)
was added at 0.1 Kg/MI, dsb. A debranching enzyne, a
w@oickotmease sol d under the tradename OPTI MAX PCFUSHOO007781

(CGenencor International, Inc.) was then added at 0.25
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The sanples were withdrawn at 20 predeterni ned

EXAM®PLENR intervals of tinme (2, 4, 6 and 24 hours) and
the conposition of the sugar and brix were nmeasured

as described in Exanple 1. The results were recorded

Rffegb pEBagillus steasothepmophilus:alpbp ageyipss (HPhg aghigsr:sold under

theirhERer Gy BehfiedFihisionet aif Wik &) qpngentration

ot thehindlidsesProductibl divhivg iz uBation wiitkt wheatfilowe. 'Ihef@tprerlmental
at 60 0 concentrati on BRI X%f@Féent Sugar 2 hours 4,
9epdHioNg Wwrigridenticah gg explain xample 1. Ingdgition, ﬁ%él_

ol 00180 e BB 1T b o T

dI Btaroh \iEb 2Th4 e8Il RUMMISAREH iI@abKks3. - 45- 0. 25 Kg/ M
dsb DPI 1.28 1.33 1.90 1.94 DP2 66.61 69.97 72.01
73.64 D P3 8.18 10.03 10.68 13.58 Hr. Sugar 23.93
18.67 15.41 10.86 BRI X 17.70 18.60 19.40 20.80 0.50
Kg/ MI' dsb DPI 1.41 1.41 1.64 2.01 DP2 70.50 73.35
74.46 74.32 D P3 9.62 11.78ble394 14.31 Hr. Su ar

15 €7y 5B o R et B g8 Fpdur
75.54 76.08 75. %ubéhd?ﬁofWh@étfﬂohﬁél—lSlS%Oﬂ@ 53 Hr.
Su ar 15.48 11.55 10. 39

GC007 DP & Incubation Time, 1 hour at 60 °
concentration BRIX Percent Sugar
2 hours 4 hours 6 hours 24 hours
0.1kg/MT DP1 1.87 2.10 2.27 3.70
starch.dsb DP2 65.56 64.25 65.63 70.22
DP3 5.92 7.15 8.03 11.68
Hr. Sugar | 29.65 26.50 24.07 14.40
BRIX 17.80 19.20 19.70 21.80
0.2kg/MT DP1 1.71 2.13 2.37 3.90
starch.dsb DP2 62.47 64.34 65.44 69.30
DP3 6.75 7.78 8.58 12.27
Hr. Sugar | 29.07 25.75 23.61 14.53
BRIX 18.00 19.20 19.80 21.80
0.6kg/MT starch | DP1 2.67 2.89 3.23 3.17
.dsb DP2 65.10 67.44 69.08 65.83
DP3 10.62 12.18 13.03 13.42
Hr. Sugar | 21.61 17.49 14.62 17.58
BRIX 18.50 19.40 20.00 22.70

No significant effect of different levels of alpha amylase during the incubation of
wheat flour was noticed either on the maltose content or on the dissolved solids.
So, for further optimization studies, 0.1 Kg of GCO07/MT. starch, dsb was used.
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The maltose content increased with decreasing pH of the incubation of the

wheat flour from pH 5.5 and reached maximum of about 68% at pH 4.5 followed
by a decrease at pH 4.0. This is an unexpected result showing the production of
maltose content greater than 60 % without the addition of a debranching enzyme
during the hydrolysis of starch with plant beta amylases. The hydrolysis of

liquefied starch by commercial Beta amylases (barley or wheat) generally
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very low starting DE of the liquefied starch are required. It is also important to
note here that the process described in this invention allows maltose
manufacturers to process at pH 4.5 and 60° C that reduces the high risk of

microbial contamination of the current process.
EXAMPLE 4

One hundred fifty grams of wheat flour was suspended in 450 ml of deionized
water and the pH of the slurry was adjusted to pH 4.5. The slurry was stirred
well for uniform mixing and the pH was adjusted with 6.0 N H,SO4 until the pH
was stabilized. The resultant suspénsion was kept in a water bath maintained at
60° C and stirred for uniform mixing before the enzymes were added. A starch

liquefving enzyme, e.d., a Bacillus stearothermophilus alpha amylase sold under

the tradename “GC 007" (Genencor International, Inc.) was added at 0.1 Kg/MT,
dsb. A debranching enzyme, a pullulanase sold under the tradename OPTIMAX
L-1000 (Genencor International, Inc.) was then added at 0.25 Kg, 0.5 Kg and 1.0
Kg/M T dsb and incubated at 60° C. The samples were withdrawn at
predetermined different iniervals of time (2, 4, 6 and 24 hours) and the
composition of the sugar and brix were measured as described in Example 1.

The results were recorded (Table 5).

Table 5
Effect of debranching enzyme (OPTIMAX L-1000) on the maltose yield during
incubation of wheat Flour with GC007(0.1Kg/MT, dsb ) at pH 4.5,60° C

OPTIMAX DP & Incubation Time, 1 hour at 60 °
concentration BRIX Percent Sugar

2 hours 4 hours 6 hours 24 hours

0.0 DP1 1.21 1.38 1.47 1.99
DP2 62.77 64.69 66.24 67.16
DP3 6.29 7.32 8.64 10.97
Hr. Sugar | 29.73 26.61 23.65 19.90

BRIX 17.5 18.6 19.4 20.40
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oON 1Y u- NCOCONNNN O Ei Oa) U tiSL Od NOCGCO

0ZD KgtMT dsoC) PDP1Il - - N|jd28v - d (G733 d'° (1.e0 Co T-[ 1004
Cs a-C Co QpP2 66.61 69.97 72.01 73.64
DP3 = |8.18 10.03 10.68 13.58
Hr. Sugar | 23.93 18.67 15.41" 10.86
BRIX 17.70 18.60 19.40 20.80
0.50 Kg/MT dsb | DP1 1.41 1.41 1.64 2.01
DP2 70.50 73.35 74.46 74.32
DP3 9.62 11.26 11.94 14.31 -
Hr. Sugar | 18.47 13.98 11.96 9.36
BRIX 17.70 18.70 19.80 20.80
1.00 Kg/MT dsb | DP1 1.47 1.56 1.58 2.02
DP2 72.90 75.54 76.08 75.21
DP3 10.05 11.35 11.95 13.53
Hr. Sugar | 15.48 11.55 10.39 9.24
BRIX 17.60 18.80 19.70 21.70

Maltogenic enzymes (such as beta amylases) or starch quuefying alpha
amylases (such as GC007) can not hydrolyze the alpha 1-6 glucosidic linkages,
the branch point in the amylopectin of the starch substrate. So it is a common
practice to add debranching enzyme, pullulanase (OPTIMAX L-1000 from
Genencor International Inc) for producing maltose greater than 65 % during the
incubation of starch substrate with beta amylase. The effect of OPTIMAX L-1000
concentration during the incubation of wheat flour with GC007 was studied and
the results were shown in Table 5. OPTIMAX L-1000 addition resulted in a
significantly higher level (>75 %) of maliose (DP2) compared to the conirol.

EXAMPLE 5

It is generally the common practice in the industry to use high maltose
syrup produced by an enzymatic process using a high temperature (>90° C)
enzyme liquefied starch substrate followed by treating with enzyme
glucosyltransferase for producing isomalto-oligosaccharides syrups. This
example illustrates the process of converting the granular starch in the wheat
flour into isomalto-oligosaccahrides in a single step. In this example, 275 grams
of wheat flour was placed in a flask and 688 ml of deionized water was added. It
was then stirred for 15 minutes for uniform mixing and the pH was then adjusted
to pH 4.5 using 6.0 N H,SO4. ‘The resultant suspension was kept in a water bath

maintained at 60 C and stirred for uniform mixing before the enzymes were
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a water bath mal ntal ned at C. Incubation
"EXAMPLE 6
It is common knowledge that cereals like wheat, barley and rye contain

high levels of beta-amylase. Incubation of these cereals at 55°-60° C, pH 5.5
generally results in syrups containing greater than 50% maltose. A 28%
slurry of wheat, barley and rye flour, respectively, was each prepared by
adding 280 grams of the respective flour to 720 gm of deionized water. To
each of these preparations, a Bacillus stearothermophilus alpha amylase

(e.g., a Bacillus stearothermophilus alpha amylase sold under the trademark
“GCO007" by Genencor International) was added at 0.2 kg/MT of the flour. The
pH was then adjusted to pH 5.5 using 6.0 N H>.SO4 and incubated at 60° C for
4.5 hours. The pH of the incubated samples was then adjusted to pH 4.5
using 6 N HxSO4 and 1.25 kg of transglulcosidase (e.g., a fransglucosidase
sold under the tradename TRANSGLUCOSIDASE L-500 by Genencor
International) / MT of the flour was added. The slurries were then incubated
at 60° C water bath for 48 hours. The samples were then centrifuged and

analyzed for IMQ composition (Table 7) as set forih in Example 1.
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Coompaxiyn VWgcoxssmaUSér) was mlxed W|th 360 grams of distilled water. The

5 slurry was stirred for 15.0 minutes at room temperature for uniform mixing and
pH was then adjusted to pH 4.5 using dilute acetic acid. After stabilization of
the pH, the slurry was kept in a water bath maintained at 60° C. Incubation
was continued for 30.0 minutes with constant stirring and a 2 ml sample was
withdrawn for Brix and HPLC analysis (0, time). Transglucosidase L-500 was

10 added at 1.5 kg/MT malt and incubated at 60° C. Samples were withdrawn at
different predetermined intervals of time during incubation, e.g., 2, 4, 6,
12,and 24 hours, to ascertain Brix and IMO composition (Table 8) as

described in Example 1.
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as a suitable substrate for producing malt extract containing isomalto-
oligosaccharides. The reaction time and the composition of IMO sugars of the
malt extract could be adjusted by controlling the enzyme dosage. The
addition of maltogenic enzymes can increase IMO content of the resulting

composition.

EXAMPLE 8: Sorghum, Millet and Rice (Exogenous Maltogenic enzymes)
In another experiment, 280 grams of sorghum, millet and rice flour
were each taken separately and mixed separately with 720 grams of
deionized water. The pH of the suspension was adjusted to pH 5.5 and a
Bacillus stearotherphilus alpha amylase sold under the trademark “GC007”

(Genencor International) was added at 0.5 kg/mt of the flour. After uniform
mixing, the suspension was kept in a water bath maintained at 75° C. The
reaction mixture was continuously stirred during incubation for 6 hours. The
temperature was then reduced to 60° C and a beta-amylase (sold under the
tradename OPTIMALT BBA by Genencor International) was added at 1.0
kg/mt of the flour. The incubation was continued for additional 10-15 hours (a
sample was taken for Brix and HPLC). After the specified time, the pH was
reduced fo pH 4.5 by 6N H.S0, and an Aspergillus niger fransglucosidase
(sold under the tradename “TRANSGLUCOSIDASE L-500" by Genencor
International) was added at 1.0 kg/mt flour. Samples were taken at 24 and
48 hrs. for analysis (Table 9).




Q LO0Oa) =EJEoIt OO1It 00 ~t co V w1-~

Nd' Nd' Nd' OO0 _a 0 ELOINLO oJ COIl- F-
W@o200408102220 E rn C) COL co U !'- 0 UU U, PaNDUS2004/007781

2004/ 081022 PCT/ US2004/ 007781, - 54- As shown in Table

9, I MO Nunbers of 41 to 54 '%03(52. 20, 53.03, 43.90,

41.19, 54.40, and 51.25) were achi eved. EXAVMPLE 9:

M xed Grain/Cereals Conposition 5 The data in Exanple

5 for wheat and pxanple 66+ H ey and rye showed

consi der abl e anoyqt  of &@_ ! s mal togeni c enzyne

9
activity resultirm2n |aifes nt ai ni ng very high
mal t ose. On the ﬂ'*'%r al Lr?r? ﬁs known to not
contai n endogenols|-&alitageni 1zynes, for exanple
sorghum nillet anggri|CaR |2 Aed the addition of
exogenous mal t ogenjos CEEBIR Producing the ,o0
[ILAKE LD ) 0

s
e

-

substrate suitab ed‘)uu i dase treatnent. In
this experinment e|gtudijed Lppl ement ati on of

mal t ogeni ¢ enzyng @ntaijnijng als |i ke wheat or
barley with sorghup2and |rijce f converting the starch
to substrates coptpEni|agde, A wl tose levels. In a
typical experinment|Qa |8 3] on of sorghum and

|
0

2029

rice was prepared hy si® A0 granms of the flour
in 720 grans of [5|gei
adj usted to pH 5} 5| @si

st er ar ot her nophi | ug®al
trademark " @007 ﬁ@en-e
at 0.5 kg/nt of
was then left in
suspensi on was
t enper ature was

of flour, e.g.,
from15%to

N D

Q.2 E2H
L1895 &190 o0 o @ d 38300 pbl.a &

=
18.34 ]

r. The pH was

1 and Bacill us

sol d under the
national ) was added
sul tant suspension
ntai ned at 75 C. The
sly for 6 hours. The
D 20 C. Solid content
| our, was increased

2280

o}
O

S -1
>0
=

= D

<
BEE

=5
= =@ —+ —
QD
o
— @ P

er
1~

1 702
680 3
I)4= O

22.45
16.40

17.13
22.90
0.3

23.50

Soluble Carbohydrate Compositende o =
Glucose | Maltose | Isomaltose [iiVigltetr

0.60

0.66

5.00

5.36

0.60

0.54

40.20

23.50 | 38.00
25.50 1 15.90
26.00 ) 17.83

21.40 |1 19.17
23.9

Brix
20.20 | 18.70

(hours)
24
48
24
48
24
48

Treatment | Time
Tg L-500*
Tg L-500*

Soluble Carbohydrate Composition of Sorghum, Millet and Rice After

“TRANSGLUCOSIDASE L-500” Treatment
Sorghum | Tg L-500*

Table 9
Grains/
Cereals
Millet
Rice
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30% by the addition of barley flour. Simlarly, wheat
was added to pre-treated sorghumto a final

w@eovgesitoent i on to reach 30% The incubati on waBCT/D82004/007781
continued for an additional 10-12 hrs. at 60 C. The pH
was reduced to 4.5 and TRANSGLUCOSI DASE L-500 was
added at 1.0 kg/nt flour. The incubation at 25 60 C
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considerable amount of endogeneous maltogenic enzyme activity resulting ina
syrup containing very high maltose. On the other hand, grains known to not
contain endogenous maltogenic enzymes, for example sorghum, millet and rice,
required the addition of exogenous maltogenic enzyme for producing the
substrate suitable for transglucosidase treatment. In this experiment we studied
the supplementation of maltogenic enzyme containing cereals like wheat or
barley with sorghum and rice for converting the starch to substrates containing
high maltose levels. In a typical experiment, a 15% suspension of sorghum and
rice was prepared by suspending 140 grams of the flour in 720 grams of
deionized water. The pH was adjusted to pH 5.5 using 6 N H2SO4 and Bacillus
sterarothermophilus alpha amylase sold under the trademark “GCO007”

(Genencor International) was added at 0.5 kg/mt of the flour. The resultant
suspension was then left in a water bath maintained at 75° C. The suspension
was stirred continuously for 6 hours. The temperature was then reduced to 60°
C. Solid content of flour, e.g., pre-treaied rice flour, was increased from 15% io
30% by the addition of barley flour. Similarly, wheat was added fo pre-treated
sorghum to a final concentration to reach 30%. The incubation was then
continued for an additional 10-12 hrs. at 60° C. The pH was reduced to 4.5 and
TRANSGLUCOSIDASE L-500 was added at 1.0 kg/mt flour. The incubation at
60° C was continued for 24 hours and 48 hours. The samples were taken for

- HPLC analysis and brix; the results are shown in Table 10.
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As shown in Table 10 above, the m xtures of mllet and
barley; and rice and wheat resulted in 45 to 56 % | MO

WO pootlogroeesul t ant suspension after the above BCT/US2004/007781

descri bed i ncubation perlods It is understood that

t he exanpl es and enbodi nents S@escribed herein are for
illustrative purposes only and that various

nodi fications or changes in |ight thereof will be
suggested to persons skilled in the art and are to be
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avin I'SO
ollgosaccharlde, mhereln sai d oligosaccharide is
derived fromsaid grain. 95 2. The nethod according
to claiml, wherein said steps (a) and (b) occur
concurrently. 3. The nethod according to claim1,
further conprising the step of drying said grain
conposition. 20 4. The nethod according to claim 1,
wherein said grain is selected fromthe group
consi sting of wheat, rye, barley, and malt. 5. The
met hod according to claim1l, wherein said grain is
sel ected fromthe
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The nmethod according to claim1, wherein said
worlotogwnt c enzynme is a beta anylase. 30 7. TPET/Dsio0oah7781

according to claim1, whereip_ said maltogenic enzyne

is endogenous to said graim?/ WD 2004/ 081022

PCT/ US2004/ 007781 -58- 8. The nethod according to

ClLAIMS 1, wherein said starch |iquefying enzynme is an

al pha anyl ase derived froma Bacillus. 9. The nethod

according to claim8, wherein said starch |iquefying

enzy i j I AT ' o ] i :

e [T B L SRR o R R AT o nifstion said

methodaomrisingler ei n sai d transgl ucosidic enzyne is a

transgl ucosi dase. 10 11. The nethod according to claim

10, wherein said transglucosidase is derived from

Aspergy &d)M_éctirﬁa uhgeldiizzecyraftedfthinthd & stdreh Withla maltogenic
wherei n said pergillus is Aspergill’us niger. 15 13.

enzymel ancasprsh tinvefynopenyede e pmdiicagnaliossiaim 1. 14.
accont ebing sefBates i 8 FoiallbsrBERBRrbp Hnerpin sai

SB[ (B) GARIRASH (b )dtode P dbRperstufd RisBtAEn oA 8t a Afarch
I somal'to ol igosaccharide made according to claim 1.

gefatinization tempreyafied;iad sol uti on conprising the
| somal{ Ol 8 3SR Sositich ASGAG HnhAmailahbiiuced
isomalto oligosaccharide, wherein said oligosaccharide is derived from said

grain.

2. The method according to claim 1, wherein said steps (a) and (b) occur

concurrently.

3. The method according to claim 1, further comprising the step of drying
said grain composition.

4. The method according to claim 1, wherein said grain is selected from the
group consisting of wheat, rye, barley, and malt.

5. The method according to claim 1, wherein said grain is selected from the
group consisting of millet, sorghum and rice.

6. The method according to claim 1, wherein said maltogenic enzyme is a

beta amylase.

7. The method according to claim 1, wherein said maltogenic enzyme is
endogenous to said grain.
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8. Thé method according to claim 1, wherein said starch liquefying enzyme
is an alpha amylase derived from a Bacillus.

9. The method according to claim 8, wherein said starch liquefying enzyme

is derived from Bacillus licheniformis or Bacillus stearothermophilus.

10.  The method according to claim 1, wherein said transglucosidic enzyme

is a transglucosidase.

11.  The method according to claim 10, wherein said transglucosidase is
derived from Aspergillus.

12. The method according to claim 11, wherein said Aspergillus is
Aspergillus niger.

13. A grain composition produced according to claim 1.

14. A food additive comprising said grain composition according to claim 13.
15. A flour comprising said grain composition according to claim 13.

16.  Anisomalto oligosaccharide made according to claim 1.

17. A oral rehydration solution comprising the isomalto oligosaccharide
according to claim 16.



