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In recent years, there has been a growing interest in food products made from oats. The
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main reason for this is that oat fibers have been found to have a wholesome effect by lowering
the serum cholesterol level of hypercholesteremic individuals, Another reason is that oats
contain protein of high food value as well as a considerable proportion of mono and
polyunsaturated fats. In addition, oats contain many essential amino acids and minerals.

A great advantage of oats is that the whole grain can be used for making various products
once the hull has been removed. In oats, the most mutritious substances are distributed fairly
evenly in the whole grain. In other grains, the nutritious substances are frequently concentrated
in specific parts of the grain, '

The nutritional aspects of oat components have prompted the introduction of oats, or parts
thereof, into several different food products. For instance, European Patent Application No. 0
577 294 (to R. Jenkins) discloses a process for the production of fat mimics and thermo-
irreversible gels. The process involves hydrolyzing a cereal such as oats with an enzyme, such as
c-amylase, amyloglucosidase, cellulase, pullulanase, cyclodemipe glycosyltransferase, or
protease, or with combinations thereof. After inactivation of the enzymes, the soluble fraction
(dietary fiber and maltodextrins) is separated from the insoluble fraction. The dietary fiber, inthe
form of P-glucans and pentosans, however, suffers from significant reductions in the levels of
proteins and lipids in the dietary fiber caused by the separation process. Moreover, the use of
cellulase results in degradation of the f-glucans, and the use of proteases causes further
degradation of the proteins.
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Pr ocessAgdopding, the principal object of this invention is to provide an enzyme modified oat
cereal suspension and the method of its preparation. The oat cereal suspension will have the
aroma and/or flavor of natural cereals and will contain maltose and maltodextrin units, intact f-
glucans, and proteins. The method of making the modified oat cereal suspension includes
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substrates and products 7 26 FEB 2003 t hrough nmenbrane selectivity. As




It is further contenplated by the inventors that the enz to
prepare the enzyne nodified suspensions andl or the homg%@ﬁ%& stabl e

| Mpsequetiatigrvaic theutrodetiomofeymylasd; ude enzymes derived from whol e cells,
organel l es, or even m croorgani sns, used as gi ol ogical catalysfs in a

f er ment a®) BeAtIEIER sazyme freated,usBension; of stap: (bb WEtheANownEy Ee] PrepAmeHan #hs

I nCk-Udj F@}g, mgqg | ?ﬁgg hﬁﬁﬂt‘?@!&ﬂ@iﬁ&b‘ as
enz@xnem:"é"fpggigééygérﬁ S’P erl r@ﬁg nsie\%métlgﬁeﬁ’yf et er% e the zyngﬁgg’ri vity,
ey hoe ey T0s kT CLbd T am i LT erant Saur coe byr Can oot al goart he. same

r eaknsistng PEF-amylase feumylase, amyf%ix@osigﬁﬁa I@Jm@aﬁ agpixae gwmfaethgi :N:”I | :Js
ory a ; ra 0 ile a
ary PAB o o il 58 B fHe teforfith Altibd P IERE Rltisctherd b (¢ 17
andmafurelifiatieastioneotienbfthe nained 0&dlycosidicshydralgesit ood, the optimum

condi tions, including the amount of enzyme, the tenperature of the shury,
t he agi t Btip preferred thah whendthe ienzyroe peeparation comprises botly Pramylase andned  product

of i ' | T Ll r all kmal paranmeters
ar eﬁﬁg%?g’) ﬁeo#nﬁégg%x%?@%%& f'%n#ﬁ%gg;r P‘:e %%g%@tnggﬁsﬁgﬁg@t i ons of the
present Thyeivyme tréated aespensioh 683tapi(b)ind ¢c)amdybedigeine orestedindisdontiiuing npr oved
cereal syspension having the aroma and, taste of natural cereals and
conmaﬁﬁaﬁh‘t@c%“d@f@@&iﬁ (TOrpHpg 3 BPrRassR 8¢R-ons are used to treat a
cereal substrate that may include a cereal neal suspension, a preprocessed
cereal suspension or a mxture therea In one enbodi ner~ the cereal
subst r at DETATEED DESCRIZTION-OF THE P INMGEINEES neal
suspension is prepared by dry- orwet grindingrolled cereals, or otherw se,
heat and water-treated cereals to neal and suspending the cereal neal is

: ¢ : . ) : b
\(I:vgnﬂi fﬁf;ﬁe%.; o? tggléggﬂtvgﬂdﬁﬂ tl%ttéjeri tgl.ggtienove ]cogrrskga?él‘%fefggrt |ici eﬁsz:n Y oRe
bef hydrolysisnaf tonstituedisi inta cereal substrate susppasion, camprising 8t IEgsBoOlRIrdlase/eni ent | y,
th I I ' ' .ed t basj f i al

or oEREE basHacpoe SOURY Poby Felre rabpuale Rt e PROlSTsGRRADe et And arom
of t f8mARE Sroup BEAHINGf 1@@%-%@%@@91@&&6% Rullhah#de andifikniés Vet

grinding. In dry grinding, the oatneal 1s suspended in water, preferably at

at Preferably, wenghesnzymeprenaration cgmprisks Beamylasemr o-amylessdhere isfaer abl y - at
t t f 54.6 i al | |t btained if the wat

s TG Gk G 6108 o e AR BrgVeoB O hafibed oot el whe oy ol

e athefd\e RG6F MBreRhiyifesTafmbitiedinvthe efizyine prefipion] the enkiRiesafintdiacsd 6SEC

gelatinizes the cereal starch for easier hydrolyzation. However, sone oats

c onsizmuitapeotislyrta the ceregl suhgtzate spspengion. fpaddifiante theiabeve-identified pdrolagaser at ur es,

and h’?gﬁ’ fﬁﬁﬁ' %HB{ . ations ofthe
pr eg{een ngéﬁpgﬁ{ﬁﬁfgm}'hl S #r?épgﬁg%@ I%éﬁ as B“e@ﬁ“%ﬁ@@%nef icial to
initiall ¥n pyeferpéd/ zmbodimentsroft the iimtention, the endymepreparationsemay ®ompiissat i ng st ep
with the enzy ns of the prese I nventjon_ and then sub jetting

preparati 4 .
t he Pullwiaaase splels myloglucosidass-solely; rsev ept combiggtions of hydrolasek| at i ni ze

t he. . . . g?ﬁ js 12 . . or kabl
terGrf)I{er at o Z‘r}g@@{cg%gﬁ c%ﬁ?ﬁfe’?m%wﬁle sugggﬁg%én%@ﬁggﬁ?aém%a (radawi te h
LoopR epndegmylaglrllx i th;at e . Ig oot liits)e‘;ajri?ad I d with
non-resj stant star [ e.cergea suyspepsi on may be rolyzed w
thecewgiﬁf%vpf—@p;kﬁa r a%@#ﬁ@@ﬂh@@%véﬂ?? eabmretepyiafmmém%vensi on is
h : X i il - " h
Tho canbAEhER i Arofhsb ENEy ih ESRGIRRRAH Fih tholr il lrhfr Lol ) Sl 21 0

act iswgh as ghrobse lsemerase.r eat ed. with an enzyme preparati on of the- present
i nvention, This msthod,willg1 al l owed for, nore conplete hydrolyzatioa of

subst ant | JEYZysme prepasations oLihe presentinveption convert ¢rreal starch, whichedmprises i n t he

cer ' U I ‘ i ightratio
of n@g*h @%ﬁéﬁ%ﬂfﬁgr angstea %?%b%iﬁ ﬂ&%ggy%*%%%ﬁﬁ%}‘@gponds to
a dmeiggbbdp?mmﬁbmm‘l d@e&g ofﬁmﬁ_tﬁoaﬁau&édlﬁ%%a%h Ilstioié,ﬁnﬂtb%@ﬂﬁh ld%}\t@ﬂs& S y
agitatedunti|_the neal has been di spersed, e slurry shou ave ap

of atFeriagtance f-amylase Ud"QWF@ Un}ad ﬁ&?@@@?i@nmwaﬁﬂﬁm thenqsrfedusing e when
addi ng the enzyne preparations of t6he present invention. Wthin this pH
range the enzynme preparati ons have~acceptable c~talftic activity and can
avoid the use of additives to alter the p$ In order to renove the coarse
particles, the suspension can then be centrifuged or decanted at 350-450 G
for about 10-15 minutes. In afurther enbodi nentofthe presentinvention,
apreprocessed cereal suspension nmay be used. The preprocessed cereal
suspension is defined as thatwhich is first prepared according to the
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26 FEB 2003 the suspension is treated with a anmylase in aﬁdgg%d enzyme

t t t t h t f t |
e e B8 Amyip P, Wk & ea%ée&‘éptt&afreﬂtos»ag-am s hear
r ath?ﬁﬂﬂ es@ne&ﬁpasm ﬁlgEkaﬁmﬂfo%Bi B 86thashyicieanl MithPoledvedgn be

further’treated by t enzyne preparatlons of thé present invention.
Optmaltodlextyin; sk amyloghosidasechydeslyzes aslrdpod r-® glynagxdlbéaondmgelm paset and/ or

bR 3 R e b sbeOR s, THERL S Ganh e PR MRy ahucs.

fast gg% dbiifty| o 1zd O""W&Bebmym' provfdel QaffBRC Gatidd G ngbot h

rolytic’rates and good enzyne stability. Atenperature from about
40Eﬁltddeﬁnh£mgmmhn|enz§tmdtwatedtem'eallsjspbnml d denature the enzyne or

corrbinat of e S is ner al,l oe.d refera $om aboyt SOEto
oot "o oERs e ot shaiaes tndB Fptien tiRg e @tiane i oot b iR and,

aCtﬂr&iJ spE Ing#‘&%@ﬁ&x@éoﬂﬁx%@hoh@%ﬁ&fd&%ﬁrBEuc%Hg)gt . Ogmédtt y may

bel*o e tenperature ofthe catal’yticre I s chosento
optennymepppmnonswhncbfuchdeelm:hombnmnsf atfeastonen-glycuisidiahydtolase adddsi | ity of

Eﬂépﬁ@é%s”%ﬁée o Hadnae oy ontlyde B hisacaieaide 3@@&:&2% a?éx?w%"
a,ﬁ[r% 5&39{ A
& ase a or co |na§|gﬁr%thﬁls?e%g{re§%ﬁ%ﬁ;ﬁ as are |ntro uced to a ce~l

S ubmth ftamyasepwilb acoumulate lasge-amemts affmaltose, oAmmbwlqmm gidygluedsdi ¢ bonds
tit I t duct
o oFPreraseTaEy eyt PiaeAsgro m??@ﬂé%ﬁp%ﬂﬁ&f o SfeeneSpltidis REogRuti b “each

S paghhifasé M/ @RnfyRSY bicindtes the AshSI fAREH-hi Iasmetea %bcutﬁtﬁgﬁﬁuéwar sy but

also in different _amunts. |~gh content o] Iom1nD ecul ar sugars, such as

na|mdmmmtgw§euws g spplisramenntof gnzymes then ifenzyaesare

VIS osi t rast consi dered
A saref ol ﬁmﬁ#ﬁ%ﬁt@ﬁ%ﬁ&%@eﬁ%ﬁ%ﬁbﬁm viscosi ty

thai d&ﬁbdﬁﬁg,%eémﬁplé,@ ahé syogluebsiidteC IGhicos®136MmEase)

Accordlngl , varying the |nd an Ior the anpunt of enzynes in the ntxture

wi | solgfy, rggéanathmr%@%eﬂ frastasn when ﬁgamp!e%nbstme thatalrerdyi on of

Co Bt SuRBe. 5150 AR R LG RGRRYoR YR CISIRR b ol © T €1 21

parmsabgusosiﬁzsa aie cgmb&teldwﬂt glacﬁsettdmmemel mayaltoprsduce acpwdw:tm high t he
pre;mrl tf vention, it is generally advantageous to enpl oy between about 1
$9 O$ft of enzyne preparationper kilogram of oats or other grain

e 1 ot S ST PfogRUbAE LREDARL s BHDS Highis o MIRAN b A R RAR 0l ha

t heceréat substrate sufpeationof thepessentrinvention byl idtrothecing frestrzymes diventlyfintbandr eds of
nPas a sheer rat,e of out 500 t.o apout 1000s,1. G-eneral | the grain
{ hetersal sehsEaia RS O AR AP LSRRl PR FoBERsiARfo
Sta&éskél%ﬁﬁhﬁx 55,;;&&1 RSy Ies. ng but not limted to oats, barley, rice,

wheat; mal ze) Tyes sor%grlm 10 26 FEB 2003 tritical e and pearl mllet.
Pr ef er abFiep entjenegnaised; mmwmmmwamepmmmmpmmﬂl es that

”ak%gtngﬁrg es (&BI al l.y. desj @ﬁ’ﬁﬁd m con ﬂt‘th‘ﬁl nt of Xsl;dq%\éve eC%lio}e of the
| ar ﬁfﬂf@ F"g’ﬁtm & SnFym
hydfeQSs@h'b%eme%lié&@:Bﬂl&ﬁﬁlt&raﬁdml ! east YohEURvES Hens t h the

enzyne preparations ofthe present ~-g ucans found in oats
f uneiminatiers of s glemtalyus aetivity of free eﬂmesfmrtbe, ptesentcioverdiondsi spumtlyi ons of

the resent J.nventi be used in food forthickening, gelling or
‘2" FQFQBM i "%gféf Mfie sweet ness of an enzyme modi fi ed

suspenS| ed‘@ﬁgﬁ 8014 eﬁ‘iﬁfﬂ &ﬁﬂﬁé&? can be
regul at e gg‘l‘%r ma ||te)ul at g%ﬁﬁgﬁ"%%g?d ate enz pc?g%ar atirons. In
f acdxﬂ‘etdﬁmﬁmﬁmcb:dmgabmmb}nmxtedtot m-memhie membnahes) hollowbdrefibers,r oduced i n

;re\elgfa‘ﬁgﬁg s to allor@nﬁlﬁe end | g%sﬁmg%tnsingregﬁh%@é nzyme

%@ané@tfslﬁnmoﬁm %Zﬁﬂ fgamel @m@%g@%@e COI’]VGI’ tedto

any%og ucosi dase andl or gl uCose” | soner ase

gl ucose and fructose: The productien of giucose and, particularly, of
fructose will result in. a. sweeter suspension than one contai ning mainly
mal tose. A significant advantage of a suspension conprising fructose is
that it can be consuned by diabetics w thout adverse affects. The specific
type of sugar affects not only the properties of the suspension but also
the organol eptic properties of products produced. by using the suspensions.
By aIterlng the ‘sugar proflle |t |s p055|ble to tallor nake suspcn5|ons
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26 FEB 2003 pasteurizing and refrigeration until used; 8§ Fgi2608 product

© may be evaporated and subsequently spray dried to yield a stable gowder.

Cer eal . suspensiops .,according.to the inpvention cagn,.be used in the sane

f thrcugh gemt %nepse@em% An wed in B presentiveniommmebllizedgagymes Brovidtar i s as a
m ' r{?%@@é’ieﬂrﬂ i Iatal | p@jatdract ure of

i cfé}-(%a?ggﬂdaglr’%gpé%?g% rt; mi ks%gag{asg, gﬁﬁqsa rﬁggﬁgd.oaﬁ'h%e?nventr?on w |l now be
descn' e benefits ofiminsbilizedienzyrhes iftciidenompieterecevaryofithenyzymesfromthe EXAVPLE 1
Pregel ati,ni zed, r re wet-mlled at at er,at ure of about 52 to

| | ed, oat,s
ateaction mixturg,whetherused inabatgh of contipuous m eRtions {usy theenzymesFaghout 15%

w ' cor di ' ' ' ri sed
D06 uslrePRAIY SHUBRP dofifinftth S dinfl frdfuce BHE ROt il RER | =
Chbﬁb:io;i&cﬁd&)aswdquuirhthmafae. Alsdellag%ngdmcagmhimny oﬁi;tmlaolglizelt}mymyrre (Novo
Nor di sk,,..Bagsvaer Denngt. was a to t cereal neal, suspension at' a
c $AB Oputilizeshbespusg the imm Mms ergoqyered-and reryseds fesultingiar at ur e

of . ; | y enzyme

o BBfiing G ceeafi e aclif fhe sEAGFRANERRcBIAN oty AR Adbdad® SOOVET,

( ﬁdbmggﬁaﬁ&dwmﬂ'f | agsegeef]oﬁmwmempbcﬁ' _x?at pfoﬁuh ctf&bdxat_ﬂmenryrmf afiphastode wan

al | owe to or -, urs; orunti the vi sc03|ty Q t he uspensi on
drippped as onssing,Aid B iotas 2 ditive cvencmhen iggng Al bsealentoo s | . The

(p;pp oéf‘%gﬁg@fﬁggg/é@?aﬁ%% obdss el tose. The majority of starch

e oats) was converted to nmaltose. The suspension
was t hdbistfantherdohemplated bydthe inventora thatdhserizpmesmased ity ptepareitiie enzgmees. The

PROAJBF Sepenen Hn e HREORFRILR i SAPE IBrQyEH Ferk SRDEPOR T cpt | cal |y

P3RKGEEe cRARhEUHLARE AOM Whole écBk bipahdleSdor!Bdn nicr8Hrgafisint Wstd Gapor at ed
and subseduently spray dried to yield a stable powder. EXAMPLE 2

Prhigjopisal catalysts incd fecuentation precess.i | | ed as in Exanple 1. An enzyne
( onendtod et S i vyl Hiiondhclifog iR pesdigion™™ ' °°°
PUS other \abfratey, SRiAra3eabyme céfétorEor &%wmd&%ﬁm M diz§lae Bagsvaerd,

Dennar k) and anyl ogl ucosi dase, e.g o Nordi sk, Bagsvaerd, Dennar k)

oractipity, aas thersforecthe yield and qualityof theend prodivt, Itisimowmibatesaymesmeaytiee oat neal

21 SOURERY RO ERRE Tl 6 J? LG the @ iy [FoRibsftey BB 7 o o

of fediftsthe GiAgal R gdnisnt Mspergtiluseorpzaeritasad optimimnpIsR4.7 408 dnOoptitsth 700 DP,
about 100 tq about 200 PU (pullul anase ynits) and about 90 to about 110 AGU
peemperature 9§ SOELy shile arpraylasy fem the dastenvmoBacilis Lghenfewsihas2pHf or about 1

t , ant il Lt he vi ' f ' d to about
PR o 75 3 o i, reificafict SI40RE o} USR0S, O T2
anconditions)finciiding the amisiintdflenzynid) heternperaturent theesturhy shiecagitatioh imeatded as i n
Ex . EXAMPLE 3. P | gt inized rall, ts . i) | ed inF |
© Eprbvlinae pruBized s eReduelphgoe oL REble R TR R e d o
i "Pﬁﬁlﬁy F'ilﬁﬁ LSARERE fAnkes USA; Rhodia Ltd,
31%% |rei,%8 ~ anIB enﬁo- act | ngkg%ﬁnﬁ%?g,% e.g: “‘Fﬁ‘%‘é‘m (Ng\r/o Ngrld?sk,
BagsvaeThe er2gmenrepprationsof thepresetiaventioo mayrbehsed tBprdvidendomopedeolsSA) , was
e ftaRlg BPrE <CIrl SaiPeRFIOR IREPE s A S FRtesal PR SRR AR The 0
coaﬁmaihgtim@& MEluk4H8S The RAX RS preParhtichs U WSTARD RRAF Adrid] g&gﬁt{ﬁ 1400 to

about 1600 DP and about 30 to about 70 AU (anylase unit
r empy includelacereah meslsugpension,cppreprocessed ceseah suspension or amixtiretheresfiit 1 hour,

or unti}l. the .viscasityoft uspensi on.dropped to out 20 tq_.about 40
tpas at Hone RHOdRGEE, i Seish wbiae Siersicn Rfcefel Ml Sperston: (8. 70/ ) “vas
SOLY&d] hfvdl ﬁ@%éﬁaioh@ﬁﬁe@eh by diy! SSVetiRndinpPoIR ce il aémisgﬂ.ﬁs SardStep 1)
Then (1 n step 2), another "exd-acting enggrrefdawas g'g?e , €. arry?‘dggl ucosi dase
AMgeatetreatedicerdals o Bregh anslesudperiding the ickreal m&dtin ceater(t6Gfomm a @erealineal Rochester,
NY, USA), at_.a dqsage of approxi nptely.600 A anyl.qQgl ugcosi dase units)
peﬂ?@e’&#woat@tm?ﬁz“ ?%W?ﬁg%@afg? Fﬁ%ﬁiﬂ"@&‘kﬁﬁ g’ia%ddgé’i"f%d" EPBON® of gl ucose
haghReebra bR S Befof@beifp B8R Ewith he Enithe bn!he addition of

anyl ogl ucfo?i dase (gt ucégg(nyl ase), the suspg‘;@l&tgﬁ r(l:'amai ned equal anounts of
mal t ose and gl ucose while the nalgose content was 50% of the suspension in
step I. The maltose content was high in step 1, and anyl ogl ucasi dase

rapi dly hydrolyzed this substrate. As the naltose content decreased,

mal t odextrin becanme the preferred substrate and al so becane increasingly

hydrol yzed. At full conversion all the starch was converted to gl ucose.
Finally, the suspension was heated and treated as in Exanple 1. EXA~LE a




_Pregel atinized rolled oats were mlled as in Exanple 1. 063
preparation according to the invention which conprised a mxture of barley

~- any| agenvefRALPChe defdal meaﬂ&aspex%@ofﬁ&ar?ﬁw&l b ehebisty of éﬁfnnfdﬁ&allg
or Rhodi aLtd, Cheshjre, ac- anyl ase, g: Fung a%‘bg( Novo Nor di sh

Baggda@dwregﬂwqéroumﬂemng@eﬁgam@wamd arp@a gats\Fhergligd ang

a@%ﬁ@”c“h??@%mﬁeeﬂszttéﬁp GO, 085 B e SETRERLY O
ded irARAYE, pReirablg ApaNemberiturBof 50°G55%! Alsa igwalgriddinWareRiswisal of about
54 to about 57 The conggrlpratlon of these enzynes in the enz

prisplerably at tempegatangtof 20068 €. &ispesialbygpodpesults atgobtainest @bhmwatssﬁm
( -‘a"r}él ase ynits) an d, about 200 to about 350 AGUper m, respectively. The
en P’@ﬁgratlon was all owed to act for about Z-2 hours or until the

Vi SCOSi Fofr athajé oi'b‘&f&%h&ﬂmeﬂ"vﬁthﬁﬁ@eb&eﬂb&ﬂdlth@&dtﬁg@bﬂiétsﬂébeﬁﬁaﬁt@t a shear
rate of about 700 s 1. Finally, the suspension was heated and treated as in

Fx&mmeEbmrESQEAasﬁigﬁemiﬂqufth@me opeasial lwslmlmza&os. Pat ent

 raRET ol alaobE Rl %%%%}fﬂ@“”‘asﬁeﬁﬁ%@%t%sﬁiﬁfﬁ 4 pochester,

NYthetdfre, 26 ncﬁ@ﬁlyﬂxy'di@l ddityahe éymelpfeparitions dfitkd precatinventitab TRedi Ng
enzyne, ronoz ﬁNovo Nordls Bagsvaerd, Denpmark), at a
cometeme; atxas)b:eufou@ép boReneficial tp initinlly hydrelyes the nen-resistast stanchima fgst ¢ he

o GRS hEE R v R A A8 B Ao E S RE e RV RinR e BioRR, © ©

apme Exeamim higHer Rishpeedtures peéferablyabotd 10DEU 6 gelafitize e désistatstavhr € t he sane
as in arrpl e The ﬁroductwas high in maltose and contained essentially

¢ temperpiure andsstanslard gonditioss. Tae i n U, S.

edin
Pa tion as in
%ﬁ%#%%f éthg%%ﬁ?ﬂaw 1 B iR el B e Fred Bt R ARG, ) O 00 T
duthe mn?ﬁstamdstmﬂemtbﬁwﬁadmeal) wspenhomaydsbewdrolyzechd gﬁh& ﬁgﬂg@@s ITng
anount of gl se as the hydrolytic reactiop pyoceede ~ To any
ofPfHEa‘BFQRi §‘ Tesestinyeption agd then, the 8139?35%9" ISVMMttal%é{Bhgﬂ' ucose,

Eﬁﬁ}é%gg@awﬁﬁ ucos%éﬂtﬁﬁgﬁout Iﬁgout E%E)J %&i per rri wl ,ChAI\/G

( Newitablecfor! eﬂyn%gm&em andaﬁmmetkaamtwifbandnzynj@mpmmm bfithe: preﬁnf: hest er,
NYm gnstxpc\))n aﬁlds meﬂl%cc)lsv\%lll %Q,Eea? r mor(e%gr%% ete gydgoglza%o%ec{f smas)tannally all the
cereal starch including the resistant starch in the cereal meal sugpension.
Suitably, the slurry or suspension has a weight ratio of meal to water in therange of about
1:6 to about 1:9, which corresponds to a dry solids content of about 10 to about 15 % w/v. The
suspension is agitated until the meal has been dispersed. The slurry should have a pH of atleast 5

to about 8. This pH range has been found to be effective when adding the enzyme preparations

<¢+

ofthe presentinvention. Within this pH range the enzyme preparations have acceptable catalytic
activity and can avoid the use of additives to alter the pH.

In order to remove the coarse particles, the suspension can then be centrifuged or
decanted at 350-450 G for about 10-15 minutes,

In a further embodiment of the present invention, a preprocessed cereal suspension may
beused. The preprocessed cereal suspension is defined as that which is first prepared according
to the methods disclosed in US Patent No. 5,686,123. The cereal meal suspension is treated with
B-amylase in a first enzyme treatment step which specifically generates maltose units and hasno
glucanase and proteinase activity, to aviscosity of 3-0.1 Pas at the shear rate of 10-100 s, Then

9



14 26 FEB 2003 concentration of about 18 to about 70 HEBZB%Of oats,

- or only glucose isonerase, e. & Spezyne G (Genencor In Rochester, NY,

USA or Sweetzynme (Novo Nordisl5 B agsvaerd, Denmark), at a concentration
persmnGs dreatsd with e-a0ylase dn exsecond gnawme reatmentestensthat specificallyy « hi n t wo

@a&xa Frpdetobls RS Y BRR R R B I Ol of 3B

pr etishadrirstd of.00 010 979 This wmocawmmhnmymdmmmme of
~-anyl ase (Genencor |ntL, Rochester, NY, USA, or Rhodja Ltd, Cheshlre U-~,

an@mamaprepn@namfﬁhwésenémgenmyn Qatignallynbo prepecensesicereabwspension.  Dennar k)
or Myc USA) was addedto the cereal neal
suggag;bs? ﬁ{ogﬁﬁggigﬁncenétubﬁefﬁgqgﬁﬁg%tmtely 2. nl per kg oats and at a
t enper atThe gerehl sabaittite futpériicilio treated Fith srafio¥undér enzynes in
t he enzyrre preparation was about 1400 to a ou 600 DP and about 1 to

aboeguls mﬁgmmtnm t ytqmemwre iy gmdofayen}xeemammﬁmn@cepar ation

TRt e e R a0 a5 onlmf AU, 4 Bl bR A0RE D0 700

S 3&0 a@aﬁpéﬂuf@baéwmsﬁﬁémm deauey the dhgynieor @ﬁﬂmhbﬁ of kfizynesstivas
presentas naltodextrin, The roduct was g |teth|ck because of the high

comenssally employed, peferaply from, pyt $0Ftoahy ECoieparding erthecazyme, AtExanpl e 1.

oat cer eal
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substrate suspension to provide an end product with the desired viscosity. The combination of .

enzymes and amount of each specific enzyme resuits in suspensions that contain different sugars,
but also in different amounts. High content of low molecular sugars, such as maltose and
glucose will yield an end product suspension with less viscosity. In contrast, a higher content of
maltodextrin, which is considered a higher molecular weight molecule yields a product with
greater viscosity that may be used in soups or yogurts because of thicker consistency.
Accordingly, varying the kind and/or the amount of enzymes in the mixture will yield specially
designed products. Using a specific combination of enzymes helps to standardize the process so
that the end product is related to the enzyme combination whereby reaction time and other
process parameters do not greatly affect the end product. In carrying out the present invention, it
is generally advantageous to employ between about 1 to about 100 ml of enzyme preparation per
kilogram of oats or other grain material that make up the cereal substrate suspension. The
suspension may be treated with the enzyme preparation to produce a final product that has the
viscosity of about water or about 10 mPas to about several hundreds of mPas at a sheer rate of
about 500 to about 1000s™.

Generally, the-grain that is incorporated into the cereal meal suspension may be any
starting grain material including but not limited to oats, barley, rice, wheat, maize, rye, sorghum,
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comprising amyloglucosxdase and/or glucose isomerase the maltose can be converted to glucose
and fructose: The production of glucose, and, particularly, of fructose will result in a sweeter

suspension than one containing mainly maltose. A significant advantage of a suspension

comprising fructose is that it can be consumed by diabetics without adverse affects.

The specific type of sugar affects not only the properties of the suspension but also the
organoleptic properties of products produced by using the suspensions. By altering the sugar
profile, it is possible to tailor-make suspensions that yield end products having functional
properties, such as viscosity; nutritional properties, and sugar ratio content to meet the needs of
the final user:

Enzymatic activity may be discontinued or terminated in the enzyme modified cereal
suspension or the enzyme treated cereal suspension by any method well known in the art;
including denaturation, centrifuge, chromatography for free enzymes and/or removal of the
suspension from contact with immobilized enzymes. Preferably, The enzyme reaction is
terminated by heating the cereal suspension to at least 80°C, and preferably, between about S0
t090EC.

As an alternative the enzyme activity may be discontinued terminated during the final
process steps that improve the shelf life of the product. Representative final process steps may
include: removing coarse particles by centrifuging or decanting; homogenizing the enzyme
treated suspension at a temperature of about 42 to about 45EC, at a pressure of about 200 to
about 250 bar; or subjecting the product to Ultra High Temperature (UHT) treatments disclosed
in Food Engineering and Dairy Technology, H.G. Kessler, Verlay A. Kessler, 1981, Chapter 6,
pp. 139-207, the contents of which are incorporated by reference herein. After UHT the product
may be- aseptically packaged. Additional processes for improved shelf life may include
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7. actGrding torthelinventjonophick domprised barlest Praviylase (Getiencortlotl cRa¢hester; NY,

USA; or Rhodia Ltd, Cheshire, UK) and pullulanase, a debranching enzyme, e.g. Promozyme

(Novo Nordisk, Bagsvaerd, Denmark), was added to the cereal meal suspension at a

concentration of approximately 2 ml per kg of oats and at a temperature of about 58°to about

61°C. The concentration of the enzymes in the enzyme preparation was about 500 to about 1000

DP° and about 150 to about 300 PU (pullulanase units) per ml, respectively. The enzyme

preparation was allowed to act for 1-2 hours, oruntil the viscosity of the suspension dropped to

about 20 to about 40 mPas at a shear rate of around 700 s™. The product contained large

amounts of maltose. The majority of starch (approximately 60% of the oats) was converted to

maltose.

The suspension was then heated to about 85° to about 90°C to inactivate the enzymes.

The product was decanted to remove the excess of non-soluble fibre, and homogenized.
Optionally the product could be UHT treated and aseptically packed, pasteurized and kept
refrigerated until used, orit is evaporated and subsequently spray dried to yield a stable powder.

EXAMPLE 2

Pregelatinized rolled oats were milled as in Example 1. An enzyme preparation
according to the invention which comprised barley B-amylase (Genencor Intl.,, Rochester, NY,
USA,; or Rhodia Ltd, Cheshire, UK), pullulanase, a debranching enzyme, e.g. Promozyme (Novo
Nordisk, Bagsvaerd, Denmark) and amyloglucosidase, e.g., AMG (Novo Nordisk, Bagsvaerd,
Denmark) or Optidex (Genencor Intl., Rochester, NY, USA) was added to the oat meal
suspension at a concentration of about 3 to about 4 ml per kg oats and at a temperature of about
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temperature o about 54*to about 57@(.}/ %e concentration of these enzymes in the enzyme-
preparation was about 1400 to about 1600 DP? and about 30 to about 70 AU (amylase units) per
ml, respectively. The enzyme preparation was allowed to act for about 1 hour, or until the
viscosity of the suspension dropped to about 20 to about 40 mPas at a shear rate of about 700 s 1.
Most of the oat starch (60-70%) was converted to maltose and the rest was present as
maltodextrins (step 1) Then (in step 2), another exo-acting enzyme was added, e.g.
amyloglucosidase AMG (Novo Nordisk, Bagsvaerd, Denmark) or Optidex (Genencor Intl.,
Rochester, NY, USA), at a dosage of approximately 600 AGU (amyloglucosidase units) perkg
of oats. The reaction was terminated when tl;e desired amount of glucose had been produced.
For example, 30 minutes after the addition of amyloglucasidase (glucoamylase), the suspension
contained equal amounts of maltose and glucose while the maltose content was 50% of the
suspension in step 1. The maltose content was high in step 1, and amyloglucosidase rapidly
hydrolyzed this substrate. As the maltose content decreased, maltodextrin became the preferred
substrate and also became increasingly hydrolyzed. At full conversion all the starch was

converted to glucose. Finally, the suspension was heated and treated as in Example 1.
EXAMPLE 4

Pregelatinized rolled oats were milled as in Example 1. An enzyme preparation
according to the invention which comprised a mixture of barley f-amylase (Genencor Intl.,
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for about 1-2 hours, or until the viscosity of the suspension dropped to about 20 to about 40 mPas

at a shear rate of about 700 s, Finally, the suspension was heated and treated as in Example 1.

EXAMPLE §

A suspension of oats was prepared as in U.S. Patent No. 5,686,123 is treated with an
enzyme preparation according to the invention and which comprised bariey B-amylase (Genencor
Intl., Rochester, NY, USA; or Rhodia Ltd, Cheshire, UK) and pullulanase, a debranching
enzyme, e.g. Promozyme (Novo Nordisk, Bagsvaerd, Denmark), at a concentration of
approximately 2. mi perkgofoats. Alternatively, the suspension was treated with a debranching
enzyme, such as pullulanase, e.g. Promozyme (Novo Nordisk, Bagsvaerd, Denmark), at a
concentration of approximately 800 PU perkg of oats. Otherwise the conditions were the same
28 in Example 1. The product-was high in maltose and contained essentially no maltodextrins.

EXAMPLE 6

A suspension of oats was prepared as in U.S. Patent No. 5,686,123 and was treated with
the same enzyme preparation as in Example 2, or with amyloglucosidase as in Example 3 (as in
step 2). The product contained a decreasing amount of maltodextrins and an increasing amount of
glucose as the hydrolytic reaction proceeded.

EXAMPLE 7

To any of the products of Examples 2, 3, 4 and 6, i.e., which contained glucose, there was
added an enzyme preparation according to the invention which comprised amyloglucosidase of
about 50 to about 60 AGU perml, e.g., AMG (Novo Nordisk, Bagsvaerd, Denmark) or Optidex
(Genencor Intl., Rochester; NY, USA) and glucose isomerase: (about 3000 GIU per ml), at a
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Pregelatinized rolled oats were milled as in Example 1. An enzyme preparation
according to the invention which comprised a mixture of B-amylase (Genencor Intl,, Rochester;
NY, USA; or Rhodia Ltd, Cheshire, UK), and endo-acting a-amylase, e.g. Fungamyl (Novo
Nordisk, Bagsvaerd, Denmark) or Mycolase (Genencor Intl., Rochester, NY, USA) was added to
the cereal meal suspension at a concentration of approximately 2 ml per kg oats and at a
temperature of about 54° to about 57°C. The concentration of these enzymes in the enzyme
preparation was about 1400 to about 1600 DP® and about 1 to about 8 AU (a-amylase units) per
ml, respectively. The enzyme preparation was allowed to act forapproximately 2 hours, or until
the viscosity ofthe suspension dropped to about 45 to about 65 mPas at a shear rate of about 700
s1. One third of the starch was converted to maltose while the rest was present as maltodextrin,
The product was quite thick because of the high content of maltodextrin. Finally the suspension
was treated as in Example 1.
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(i) providing an oat cereal substrate suspension,

(i) providing an enzyme composition comprising- f-amylase and a-amylase, and

(iii) treating said oat cereal substrate suspension (i) with said enzyme compaosition (i),
wherein said §-amylase and a-amylase enzymes are introduced simultaneously for accelerated
enzymatic hydrolysis, reduction of viscosity, and regulation of sugar content formation of said
modified oat cereal suspension, said method allowing use of lesser amounts of said enzymes than
otherwise needed when said enzymes are used separately.

2.  The enzyme modified cereal suspension according to claim 1 wherein the enzyme
preparation is free of glucanase or proteinase activity.

3.  The enzyme modified cereal suspension according to claim 1, wherein the enzyme
modified oat cereal suspension has a viscosity from about 45 mPas to about 65 mPas at a sheer
rate of about 700 ™.

4. A method of making a modified oat cereal suspension comprising maltose and
maltodextrin units, intact B-glucans, and proteins by the steps, which comprise:

(i) providing an oat cereal substrate suspension,

(i1) providing an enzyme composition comprising B-amylase and a-amylase, and

(iii)) treating said oat cereal substrate suspension (i) with said enzyme composition (ii),
wherein said f-amylase and a-amylase enzymes are introduced simultaneously for accelerated
enzymatic hydrolysis, reduction of viscosity, and regulation of sugar content formation of said
modified oat cereal suspension, said method allowing use of lesser amounts of said enzymes than
otherwise needed when said enzymes are used separately, and

(iv) performing at least on finishing step on the enzyme modified oat cereal suspension
of step (iii).

5. The-enzyme modified cereal suspension according to dﬁm4 wherein the enzyme
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enzymatic activity terminated before performing the finishing process step.

7.  The enzyme modified cereal suspension according to claim 4, wherein the enzyme
modified oat cereal suspension has a viscosity from about 45 mPas to about 65 mPas at a sheer

rate of about 700 s

8. The method according to claim 4 wherein the step (iv) comprises at least one finishing
process selected from the group consisting of homogenizing, ultra high temperature treatment,
pasteurizing, refrigeration, evaporation and spray drying.

9. The method according to claim 4 wherein the cereal substrate suspension of step (i) is
further treated by removing coarse fiber particles.

10.  The method according to claim 4 wherein the cereal substrate suspension of step (i) has
been prepared by grinding rolled cereals, heat-treated or water-treated cereals to meal and

suspending the cereal meal in water to form a suspension.

11. The method according to claim 4 firther comprising discontinuing enzymatic activity in
the enzyme treated suspension of step (iii) before step (iv).

12. The method according to claim 4 further comprising heat treating the enzyme treated
suspension of step (iii) to solubilize the resistant starch, cooling the suspension to a
temperature that is suitable for enzymatic activity and treating with an enzyme preparation
to further hydrolyze resistant starch,

13. A product prepared by the method according to claim 4.

14. A product prepared by the method according to claim 5.

15. A product prepared by the-method according to claim 6.
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17. A product prepared by the method according to claim 8.

18. A product prepared by the method according to claim 9.
19. A product prepared by the method according to claim 10.

20. A product prepared by the method according to claim 11.
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