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ENZYME PREPARATIONS FOR MODIFYING CEREAL SUSPENSIONS

Cross Reference T el A. i
_ This application claims the benefit of U.S. Provisional Application No. 60/106,224
filed Octaber 30, 1998 and U.S Provisional Application No. 60/104,706 filed October 19, 1998.

Field of the :

m present invention relates to enzyme suspensions comprising enzyme preparations for
enzymatic hydrolysis of cereal starch. In another aspect it relates to methods of producing
homogeneous and stable cereal suspensions prepared by nsing the E.nzyme_ preparations.

Backeround o the Inverion

The beneficial heaith effects of dietary ﬁbe;s are well-known. In this context the;'e has been
a growing imetest infood products made from gram, mch as oats and bariey.

In many respects, oats areﬁ&'erenttbanothu'gmns They havehmherpmtem and fat
content than comparable cereals as we!l as a high B-glucan content. |

In recent years, there hasbeenagrowmgxmexstmfood products made from oats.
The main reason for this is that oat fibers havebeenfound to have a2 wholesome effect by .
lomrhgthemmcholemolkvdofhypetdlowwvidual& Another reason is that
oats comtain protein ofhighfpbdvaiue asweilasaconsidqable proportion of mono and
polyunsaturated fats. In.additiqn, oats contain many essential amino acids and minerals.

A great advantage of cats is that the whole grain can be used for making various
praducts once the hull has been removed. In oats, the most nutritious substances are
distributed firly evenly in the whole grain. h@mm mutritious substances are

frequently concentrated in specific parts of the grain.
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The nutritional aspects of oat componeats have ptontpted the introduction of oats or

parts thereof into sevetal different food producte. Fot instance, U.S. Patent No. 4,996,063
(GF. Inglett) discloses the preparation of water-soluble dietary fibre compositions by treating
ground. _oat products_." w1th o-amylases. The oz-amylaee serves to thin the oat starch, and any
c-amylase may thus be used. The produced pnlvemlent dietary fibre compositions are used
as additives in food products, such as fat substitutes. However, these products not only lack
desirable aromatics of natural oats, but are also depnved of agreeable natural oat flavorings.
U.s. Patent No 5 ,686,123 (to L. Lindahl et al) dxscloses a homogeneous and stable

cereal suspension havmg the taste and aroma of natural oats, The disclosed cereal suspension
is prepared by treating a suspension of oatmeal with B-amylase, which has no glucanase and
proteinase activity, in a first enzyme treatment step which specifically generates maltose and
maltodextrin units.. Then the .suspension is treated with a-amylase, which also has no
' glucanase and protelnase aotivity, .in a second enzyme treatment step which specifically
generates maltose units. This oat suspension is 2 milky product which can be used as an
alternanve to milk, especlally for lactose-intolerant people It may also be used as the basis
of or anaddmvemthe mamxfacture of ice-cream, gruel, yogurt milkshakes, health drinks and
snacks However, th:s process is time consummg because of the sequentxal treatments with
different hydrolases, thereby mcreasmg the cost of producnon Moreover sequential enzyme
treatments elxmmate any poss1ble posmve synergxc effects that may occur when combining
of enzymes Furthermore, the overall viscosity and/or sugar content of the cereal suspension

cannot be efficiently controlled or mampulated.

-2-

This Sheet Has Been Rep lac

T



| -wd 00/22938 PCT/1B99/01860

- Inview of these shortcomings, there is 2 need for enzyme preparations that hydrolyze
cereal starch in a more cost-efficient and timely manner while producing a cereal suspension
product that retains the flavoring and aromatic qualities of natural cereal and in which the
viscosity, sugar content, and overall texture can be regulated or modified for a preferred end
product.

Summary of the Invention

For purposes of this invention, the terms and expressions below appearing in the
speéiﬁcation and claims are intended to have the following meanings:

“Preprocessed cereal suspension” as used li_er,ein means a product that has been
previously processed by the method disclosed in U.S. Patent No. 5,686,123.

“Cereal substrate” as used hsem means a suspension selected. from the group
_consisting of cereal meal suspension, preprocessed cereal suspension and mixtures thereof. -

“Oatmeal suspension’” as used herein means a suspension comprising oat flour and/or
rolled oats.

Accordingly, it is a principal object of the present invention to provide an enzyme
modified suspension comprising a cereal substrate suspension and an enzyme preparation for
enzymatic hydrolysis of constituents in the cereal substrate suspension whereby the specific
properties of the cereal substrate suspension, such as viscosity and/or sugar ratio content
modified and/or manipulated by combinations of various hydrolases and isomerases.

It is another pbject of the present invention to provide an efficient, selective and

economical method for producing a cereal suspension having the aroma and/or flavor of
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*. natural cereals and having the unexpected improvement of regulating the viscosity and/or

sugar content of the cereal suspension through treatment with a spectrum of new enzyme
preparations.

It is an additional object of the present nvention to provide 2 homogeneous and sfable
ce_real suspension havmg the aroma and/or flavor of natural cereals and containing intact p-
glucans that are components of a cereal substrate suspénsion_ |

A still further ébject of the present invention is to provide a method for preparing
the homogeneous and stable cereal suspension having the aroma and taste of natural cereals
and containing intact f-glucans.

All of the above objects may be accomplished by an enzyme modified suspension
comprising a cereal substrate suspension and an enzyme preparation for enzymatic hydrolysis

of constituents in the cereal substrate suspension. The enzyme preparation comprises at least

one hydrolase with the ability to hydrolyze a-glycosidic bonds of the constituents of a cereal
substrate suspension, and optionally, combining the at least one hydrolase with an isomerase.

- The constituents may include, but are not limited to, amylose, amylopectin, maitodextrins,

maltose, maltotriose and a nixture thereof. More specifically, the above objects may be
accomplished by an enzyme modified suspension compnsmg a cereal substrate suspension and
an enzyme preparation wherein the enzyme preparation comprises at least one hydrolase
having the ability to hydrolyze a-glycosidic bonds of éonstitnents of a cereal substrate
suspension. It is preferred that the enzyme preparation has no glucanase and/or proteinase

activity. The preferred hydrolase may be selected from the group consisting of B-amylase,
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a-amylase, amyloglucosidase and pullulanase, with the proviso that when the enzyme
preparation comprises §-amylase or o.-amylase there is a mixture of at least one other of the
named a-glycosidic hydrolases. It is further preferred that when the enzyme preparation
comprises both B-amylase and a-amylase they are combined simuitaneously in the cereal
substrate suspension. In addition to the above-identified hydrolases, the enzyme preparations
of the present invention may further comprise an isomerase, such as glucose isomerase.

The previously discussed enzyme preparations may be utilized to produce a
homogeneous and stable improved cereal suspension having the aroma and taste of natural
cereals and containing intact B-glucans, the improved cereal suspension prepared by the
method comprising the steps:

a) providing a cereal substrate suspension;

b) treating the cereal substrate suspension of step (a) with an enzyme preparation as

'previously discussed, namely an enzyme preparation for enzymatic hydrolysis of a cereal

starch in the suspension comprising at least one hydrolase enzyme having the ability to

hydrolyze a-glycosidic bonds. Preferably, a a-glycosidic hydrolase is selected from the group
consisting of B-amylase, o-amylase, amyloghucosidase, pullulanase and mixtures thereof, with
the proviso that when the enzyme preparation comprises B-amylase or a-amylase there is a
.mixl:ure of at least one other of the named a-glycosidic hydrolage;. -

It is preferred that wh'the énzyme preparation comprises both B-amylase and a-

| amylase, the enzymes are introduced simulianeously to the cereal substrate suspension.
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The method of making the homogeneous and stable improved cereal suspension may
also include perfomﬁﬁg at least one finishing process step on the enzyme treated suspension
of step (b) for making the cereal suspension.

. The finishing pro.cw_s step which may improve the shelf-life of the cereal suspension
or end product can. include: removing coarse particles by centrifuging or decanting;
homogenizing the enzyme treated suspension; and/or subjecting the product to Ultra High
Temperature (UHI) treatments disclosed in Food Engineering and Dairy Te echhology, HG.

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 packed.

Additional processés for improved shelf life may include p_asteu;izi_ng and refrigeration until
used; or the end prt_ﬁduct may be evﬁpori_tpd qn_d subsequenﬂy spray dried to yield a stable
powder. Preferabiy, the enzyme treated suspension is homogenized and subjected to UHT
and aseptically packed.

Enzyme actxvny may be terminated or removed from the enzyme treated suspension.
before processing for improvgd_shelf H_fg_. As an alt'gnxétive, the enzyme activity may be

terminated during some of the processes that improve the self-life of the product, such as the

UHT process.

Optionally, the enzyme treated suspermon of step (b) may be treated sequentially with
a second enzyme preparation comprising at least one hydrolase enzyme having the ability to
hydrolyze a-glycosidic bonds selected_ﬁom the group consisting of B-amylase, o-amylase,

amyloglucosidase, pullulanase and a mixture thereof Further in this respect, the above

-4~

This Sheet Has Been Replaced




WO 00/22938 PCT/IB99/01860

improized cereal substraté suspensions may be treated by combining an isomerase, such as
glucose isomerase with the hydrolases of the enzyme preparations.

The homogeneous and stable improved cereal suspension having the aroma and taste
of natural cereals and containing intact f-glucans may also be prepared by the method
comprising the steps:

a) preparing a cereal meal suspension;

b) treating the cereal meal suspension of stép (a) with B-amylase and followed
sequentially with the introduction of c~amylase;

¢) treating the enzyme treated suspension of step (b) with an enzyme preparation as

" discussed previously herein above comprising at least one hydrolase enzyme having the ability

to hydrolyze a-glycosidic bonds. Preferably, an a-glycosidic hydrolase iﬁ selected from the

group consisting of B-amylase, d—amyiaée, amyloglucosidase, pullulanase and a mixture .

thereof with the proviso that when the enzyme preparation comprises B-amylase or o-amylase
there is a mixture of at least one other of the named a-glycosidic hydrolases.

Itis p;eferred that when the enzyme'preparation' comprises both §-amylase and a-
amylase, the enzymes are mtroduced simultaneously to the cereal substrate suspension.

The enzyme treated suspension of step (b) and (c) may be further treated by

| diséontimxing enzymatic activity and/or further performing a finishing process step.
D Description of the P Embodi
According to the invention, there is provided an enzyme preparation for enzymatic

hydrolysis of constituents in a cereal substrate suspension, comprising at least one
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hydrolase enzyme having the abihty to byc!,rq!yzg a-glycosidic bonds. The hydrolases may
be selected from the group consisting of B-amylase, a-amyiasé, amyloglucosidase pullulanase
and mixtures thereof. Preferably, when ;hq._e::nz_yme_ prcéaraﬁon comprises B-amylase or -
amylase there is a mxxmre of at least one other of the named a-glycosidic hydrolases, and
more preferably, when there are two or more enzymes cémbined in the enzyme preparation,
the enzymes are introduced s:multaneously to the cereal substrate suspension. In addition to
the above-identified hydrolases, the enzyme preparation may further comprise an isomerase,
such as glucose iso_mgrase..

In prefexred embodiments of the invention, the enzyme p,tepa_rations may comprise
pullulanase solely; a.mjrloglncos_idase solgly; < >1_' several dxﬂ‘erent combinations _of hydrolases'

including: a mixture qoﬁxbinix__:g B-a.mylase with pullulanase; a mixture combining B-amylase,

” .'ptillulanas.e and amylgglugds_ida;e; a xmxture comlbining.B.-amylase and a—_éﬁYIas‘e;--’ and a -

 mixture combining a-amylase, B-amylase and amylogiucosidase. Any of the above enzyme -

preparations comprising 2 hydrolase alone or in combination with another may further -
comprise an isomerase, such as ghicose _i_so;_n,erase;

The enzyme :,?reparatidns_ of the present invention convert cereal starch, which

comprises both amylose and amylopectin, to large molecular weight maltodextrins and low-

_ inolecular-wdght compounds ofﬁa,zious degrees of modification, such as maltotriose, maltose

and glucose. For instance, B-a:nylase_ hydrolyzes «-1-4 glycosidic bonds sequentially from

‘the non-reducing tenmnal end of Mqus_e and amylopec_tin with a cleaved product of maltose;

o~-amylase hydrolyzes internal o-1-4 glycosidic bonds on both amylose and amylopectin with
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and amyioglucagidase' hydrolyz

the non-reducing end of the starch releasing glucose molecules. Therefore, a combination of
hydrolases having the ability to hydrolyze «-glycosidic bonds will provide various ratios of
maltodextrin/sugar in an enzyme treated cereal suspension.

The choice of enzymes and the reaction time determine the degree of degradation and
product spectra. Different species of di-and mono-saccharides are produced by using
different enzyme preparatxons which mclude the combination of at least one a-glycosidic

| hydrolase and/or an isomerase. The end products could include the di-saccharide, maltose,
and the mono-saccharides, fructose and glucose. For example, the debranching enzyme

pullulanase together with B-amylase will accumulate large amounts of maltose.

Amyloglucosidase and glucose isomerase may result in the production of fructose and

glucose. When combining (-amyliase and c-amylase, the at-amylase promotes the action of

the B-amylase thereby obtaining maltose and maltodextrin units while using a smaller amount

of enzymes then if enzymes are used separately. A cereal starch may be converted entirely
to lbw-molecular—weighf compounds, such as ghicose by combining, for example, 8-amylase,
on-a.mylasé and amyloglucosidase. Glucose isomerase, soleiy, will result in the production of
.ﬁ-uctose when added to a cereal substrate that already contains glucose. In the alternative,
the enzyme preparatlon wherexn B-amylase, a-amylase and amyloglucosxdase are combmed
with gluco;e isomerase may a!so producg a product with high levels of fuctose.

The enzyme preparations, that being a single enzyme or a mixture of enzymes may

treat a cereal substrate suspension of the present invention by introducing free enzymes
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directly into a cereal_s_x___xbstrate suspension, or in the alternative introducing the cereal substrate
mspensxon toa vessel containing immobilized enzymes.

Free enzymes as used herein means enzymes wh:ch are free to move in the suspension
and are not resmcted by containment or affixed to a subst;ate.l Usually, free enzymes or cells
are not re-used b_eqa;%se they are too small to filter and recovery may become cost prohibitive.

Hence, elimination of _th_e biocatalytic activity of free enzymes in the present invention is
- usually accomplished by denaturing of the enzyme. N

Immoblhzed enzymes as used herein means free enzymes that are physically confined
by different mqthods including, but not limited to, seini-pemxeab_le membranes, hollow bore
fibers, or ultrafiltration xqemhran_&s. Immobilized enzymes, whether soluble or insoluble,
allow fér the simultaneous immobilization of many enzymes, selectively controlling substrates

. and products through membrane selectivity. As used in the present _ihventionl immobilized
| en_z_y:hgs provide for ease of 1oaqmg and treating the cereal meal su_spen.éion in a continuous
mode reactor. |

The beneﬁts of immobilized enzymes include complete recovery of the enzymes from
the reaction lmxture whether used in a batch or continuous mode opexanon. Thus, the
enzymes can be u_sed repeatedly without any contammamn of the final product and without
the need to heat the prodhct s0 as to denature the enzyine. Also, larger concentrations of
immobilized enzy_h_xe can bé uﬁhzed b.ecwée thé mmobﬂxzed énzynm can be recovered and
re-used, resultingina shortenihg of réactioh time and/or the size of the vessel needed to carry

out the reaction. Ahoihefad‘)antageisthevirulal absence of enzyme in the final product so
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that the enzyme only has to be approved as a food processing aid and not as a food additive
even when heating and subsequent enzyme inactivation is not included in the process.

It is further contemplated by the inventors that the enzymes used to prepare the
enzyme modified suspensions and/or the homogeneous and stable improved cereal suspension
may include enzymes derived from whole cells, organelles, or even microorganisms used as
biological catalysts in a fermentation process.

In the prsent- invention the overall conditions including temperature, pH and the
addition of other substrates, such as enzyme cofactors or buffering agents will determine the
enzyme activity, and therefore, the yield and quality of the end product. It is known that
enzymes may be extracted from different sources but can catalyze the same reaction. For
instance, a-amylase from the fungal organism Aspergillus oryzae has a optimum pH of 4.7
and an optimum temperature of 50°C, while a-amylase from the bacterium Bacillus
lichenformis has a pH optimum of 7.5 and an optimum t‘emperaﬁxre of 90°C." 'Thﬁs
understood, the optimum conditions, inciuding the amount of enzyme, the temperature of the
slurry, the agitation time and the pH value are optimized to obtain a final product of suitable
viscosity. Techniques used for determining optimal parameters are well known-and widely
used in the art.

The enzyme preparations of the present invention may be used to provide a
homogeneous and stable improved cereal suspension having the aroma and taste of natural
cereals and containing intact B-glucans, The enzyme preparations are used to treat a cereal
substrate which may include a cereal meal suspension, a preprocessed cereal suspension or

-11-
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a mixture thereof.
In one embodiment, the cereal substrate suspension is a cereal meal suspension. The
cereal meal suspension is prepared by dry- or wet-grinding rolled cereals, or otherwise,
' peat- and water-treated cereals to.meal and'suspendih;g' the cereal meal in water to form a
cereal meal suspension. Optionally, the suspension may be centrifuged or decanted in order
to remove coarse fibre particles before being treated with the enzyme preparation.
Conveniently, the cereal meal suspension is prepared on the basis of commercially
produced, pregelatinizgd rolled oats retaining the original taste and aroma of the oats. The
~ rolled oats are groupd to oatmeal by total, dry 01; wet grinding'.' In dry grinding, the oatmeal
is suspended in water, preferably at a temperature of 56"_-6'5°C. Also in wet grinding, water
is_ used preferably at a tempme'of 50°-6§°C. Espjeciﬁl_ly good results are obtained if the
water has been deionized. |
For a majority of starch contamed within the cetal meal the heanng of the suspensxon '
toa temperamre between 50° to 65°C gelatinizes the cereal starch for easier hydrolyzation. -
Howevgr, some oats contain resmtant starches that are not gelatinized at these temperatures,
and therefore, are not easily hydrolyzed by the enzyme'prgparations of the present invention.
In this instance, it has been found to be beneficial to initially hydrolyze the non-resistant
starch in a first enzyme treating step with the enzyme prépatations of the present invention
and then subjecting the suspension to higher temperatures, preferably above 100°C to

gelatinize the resistant starch. The suspension is subsequently cooled to a workable

temperature and standard conditions. The suspension is the retreated with the enzyme

| -12-

Sheet Has Been Replaced

T



'PCT/IB99/01860

-

WO 00/22938

preparanons of the present invention. Accordmgiy the non-resistant starch in the cereal meal
suspension may be hydrolyzed with the enzyme preparanons of the present invention and then
the suspension is heat treated to a higher temperamre to solubilize the resistant starch, The
suspension is cooled to a tempemuie that is suitable for enzymatic activity and then retreated

| with an enzyme preparation of the present inventién. This method will allowed for more
completé hydrolyzation of subMy all the cereal stafch ﬁcludhg the resistant starch in
the cereal meal suspension.

Suitably, the slurry or suspension has a weight ratio of meal to water in the range of
about 1:6 to about 1:9, which corresponds to a dry solids content of about 10 to about 15 %
wiv. The suspension is agitated until the meal has been dispersed. The shurry should bave a
pH of at least § to about 8. This pH range has been found to be effective Whex;addingihe'
enzyme preparations of the present invention. Within this pEf range the enzyme preparations
have acceptable catalytic activity and can avoid the use of additives lto 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 mimtes.

In 4 further embodiment of the present invention, a preprobesséd cereal suspension
may be used. 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 P-amylase in a first enzyme treatment step which specifically generates maltose
units and has no glucanase and proteinase activity, to a viscosity of 3-0.1 Pas at the shear rate

of 10-100 s*. Then the suspension is treated with a-amylase in a second enzyme treatment

-13-
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step which specxﬁca.ﬂy generates ma(tose umts and has no glucanase and proteinase activity,
toa wscosxty of <0. 5 Pas at the shear rate of 10-100 s This preprocessed cereal suspension
may then be further treated by the enzyme preparations of the present invention, Optionally,
the preprocessed cereal slxsperxsien may be hon_mgenized and/or subjected to UHT treatment.

The cereal substrate suspensron xs treated with the enzyme preparations under

_ carefuily regulated operatmg tpetamres The temperature is chosen to favor the enzymatic

 performance allowing both fast hydrolytic rates and good enzyme stability. A temperature

from about 40°C to 2 temperature below that which would denature the enzyme or

combination of enzymes is generally employed, preferably from about 50° to about 90°C

depending on the enzyme. At lower temperatures the enzyme activity may be low and at

‘higher temperatures the enzyme stability may be low. Accordingly, the temperature of the
catalytic reaction is chosen to optimize production of the end products while maintaining the

| . _stabxlny of the enzyme preparation. The present invention is also-applicable to thennostable

starch degrading enzymes, in whlch case the operation conditions can be adapted to the
characteristics of such enzymes. o

A hydrolase and/or combination of several hydrolases are introdﬁced to a cereal
substrate suspension in a sufficient amount to hydrolyze a-glycosidic bonds of constituents
in the cereal substrate suspension to provide an end product with the desired viscosity. The
combination of enzymes and amount of each speciﬁc enzyme results in suspensions that
conrain 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

14~
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' 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 s;mps 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 mi of enzyme preparation. per kilogram of oats or other grain mateﬁalwhich
make up the cereal substrate suspension. The suspension may be treated with the enzyme
~ preparation to produce a final product which 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, triticale and peari millet. Preferably, the grain is oats. As stated above, oats have
properties that make them especially desirable from a consumer point of view because of the
large amounts of high molecular weight B-glucans which are natural hydrocolloids. In
suspensions produced by enzymatic hydrolysis with the enzyme preparations of the present
invention, the B-giucans found in cats finction as indigenous stabilizers. Therefore, the cereal
suspensions of the present invention may be uséd in food for thickening, gelling or emulsion
stabilizing effects.

-15-
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- The sweetness of an enzyme modified suspension <l>r a homogeneous and stable
improved cereal su;sp_ens;ion can be regulated and/or manipulated using- appropriate enzyme
preparations. In fact, @e enzyme preparations of the present invention may be introduced in
_seve_ral steps to tailor-make the end product. For instance, an enzyme preparation comprising
a- and B- amylase may produce a high level of maitose. With a second treatment of an
enzyme preparation comprising anyloglucosidase and/or glucose isomerase the maltose can
be converted to glucose and fructose. The production of glucose, and, particularly, of

_ ﬁ_'u_ctose will result m a..sweeter suspension than one containing mainly maltose. A. suspension
comprising fructose has the significant advantage 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 possibie to tailor-ma_kq suspensions that yield end products having
. functional properties, such as viscosity; nutritional prope:ﬁes. and sugar ratio content to meet
the needs of the final user.

Enqmﬁc aét_ivity_ 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 coptact_with immobilized enzymes. Preferably, The enzyme reaction is
terminated by heating the cereal suspension to at least 80°C, and preferably, between about

80° to 90°C.

.
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As an alternative the enzyme activity may be discontinued terminated during the final
process steps that improve the sheif-life of the product. Representati.ve final process steps
may include: remov'ir;g coarse particles by centrifuging or decanting; homogenizing the
enzyme treated suspension at a temperature of about 42 to about 45°C, 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 comtents of which are incorporated by reference herein.

* After UHT the product may be aseptically packaged. Additional processes for improved
shelf life may inchude pasteurizing and refrigeration until used; or the end product may be
* evaporated and subsequently spray dried to yield a stable powder.

Cereal suspensions according to the invention can be used in the same fields as the
products disclosed in US Patent No. 5,686,123, that is as a milk substitute, as the basis of or
an additive in the manufacture of ice-cream, gruel, yogurt, milkshakes, and snacks _

The invention will now be described in more detail by the following non-limiting
examples.

EXAMPLE1

Pregelatinized rolled oats were wet-milled at a temperature of about 52° to about
63°C. The concentration of the suspension was about 10 to about 15% w/v. An enzyme
preparation according to the invention which compﬁse& barley O-amylase (Genencor Intl.,
Rochester, 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
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suspension at a oonog;m-at_ion of agpgo:dmgt_oly,z mi per kg of oats and at a temperature of
about 58°to abot.xt. 61"l°-C 'l'he concentration of the mzymes in the enz;.yme preparation was
about 500 to about 1000 DP° and about 150 to about 300 PU (pulluianase units) per ml,

respectively. The enzyrne preparauon was allowed to act for 1-2 hours, or until the viscosity

of the suspension dropped to about 20 to about 40 mPas at a shear rate of around 700 s™. The

_product contamed large amounts of maltose The majomy of starch (approximately 60% of

the oats) was converted to maltose

The S“SP@SEQI_I was then heated to bout 85"to aoqut 90°C to inactivate the enzymes.
The product WaS,.ﬂe.,?énted to r_omovo__;he excess of noo_-lso[uble. fibre, and homogenized.
Optionally theproduct could be UHT treated and asepucally packed, pasteurized and kept

refrigerated until sed, or it is evaporated and subsequently spray dried to yield a stable

:_Pregelatidi_zodi rolled oats weremx]led as in Exa_mp_le 1. An enzyme preparation
according to the mven’non which comprised barley B-amylase (Genencor IntL, Rochester, NY,
USA:or R Ltd’chesh,,e, UK), pullulanase, a debranching enzyme, ¢.g. Promozyme
(Novo Nordisk, Bagsvaerd, Dentmark) aud amylogiucosidase, e.g,, AMG (Novo Nordisk,
Bagsvaerd, Denmark) or Optidex (Genencor Intl., Rochester, NY, USA) was added to the
oat meal suspensi.od'._at a qoncqnt_:at_iod o_f'about 3..toi_about 4 mi per kg oats and at a
temperature of about 58° to about 61°C. The concentration of these enzymes in the enzyme

preparation was about 400 to about 700 DP, about 100 to about 200 PU (pullulanase units)
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and about 90 to ab 1 10 AGU per ml, respectively. %ﬁ enzyme preparation was allowed
to act for about 1 to about 2 hours, or until the viscosity of the suspens.ion dropped to about
20 to about 40 mPas '-at a shear rate of 700 s™'. The product contained large amounts of -
glucose. Finally, the suspension was heated and treated as in Example 1.
EXAMPLE3
Pregelatinized rolled oats were milled as in Example 1. An enzyme preparation
according to the invention which comprised 2 mixture of f-amylase (Genencor Intl.,
Rochester, NY, USA; or Rhodia Ltd, Cheshire, UK) and endo-acting x-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
mi per kg of oats and at a temperature of about 54’to about S7C. ‘The 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 mi, 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 & shear rate of.about 700 s . Most of the oat starch (60-70%) was converted to maltose
and the rest was present as maitodextrins (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) per kg of oats. The reaction was terminated when the desired

amount of glucose had been produced. For example, 30 minutes after the addition of

amylogiucosidase (glucoamyiase), the suspension contained equal amounts of maltose and
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" giucose while the 1;1a1t95e content was 50% of the suspension in step 1. The maltose cox';tent
- was high in step 1, and émylog,lucosidase rapidly hydrolyéed this substl.'ate. As the maltose
content decreased, maltodextrin became the preferred substrate and also became

increasingQ hydrolyzed. - At full conversion ail 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 B-amylase (Genencor Intl,,
* Rochester, NY, USA; or Rhodia Ltd, Cheshire, UK), a-amylase, e.g. Fungamyl (Novo

- Nordisk, Bagsvaerd, Denmark) or Mycolase (Genencor Imtl., Rochester, NY, USA) and

" amyloglucosidase, e.g., AMG (Novo Nordisk, Bagsvaerd, Denmark) or Optidex (Genencor -

. Intl., Rochester, NY USA) was added to the suspension at a dosage of about 3 to about 4

.. ml per kg oats and at a temperature of about 54’10 abéut 57°C. The concentration of these

" .enzymes in the enzyme 'preparatiori was about 700 to about 900 __DP°, about 1 to about 35
* AU (o-amylase units) and about 200 to about 350 AGU per ml, respectively. The enzyme

- preparation was allowed to act 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 5. Finally, the suspension

- was heated and treated as in Example 1.
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EXAMPLE'S
* A suspension of oats was prepared as in U.S. Patent No. 5,686,.123 is treated with an
enzyme preparation a.ccord'ing to the invention and which comprised barley ﬁ~a.mylase
(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 per kg of oats. 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 per kg of oats.
Otherwise the conditions were the same as in Example 1. The product was high in maltose
and contained essentially no maitodextrins.
EXAMPLEG
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 giucose, there
was added an enzyme preparation according to the invention which comprised
amyloglucosidase of about 50 to about 60 AGU per mi, e.g, AMG (Novo Nordisk,
Bagsvaerd, Denmark) or Optidex (Genencor Intl, Rochester, NY, USA) and glucose

isomerase (about 3000 GIU per ml), at a concentration of about 18 to about 70 ml perkg
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of oats, or only glucose isomerase, e.g. Spezyme GI (Genencor Intl., Rochester, NY, USA)
or Sweetzyme (Novo Nordisk, Bagsvaerd, Denmark), at a concentraﬁc;n of about 50,000-to
about 200,000 GIU (glucose isomerase units). Within two (2) hours, 25% of the glucose was
converted to fructosé. :
EXAMPLES |
Pregelatinized rolled oats were milled as in Example 1. An enzyme preparation
according to the inizenﬁon which comprised a mixture of B-amylase (Genencor Iml.,
Rochester, NY, USA; or Rhodia Ltd, Cheshire, UK), and endo-acting at-amylase, e.g.
Fungamyl (Novo Nordlslg Bagsvaerd, Denmark) or Mycolase (Genencor Intl., Rochester,
NY, USA) was added to the cereal meal suspeasion 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 (ci-amylase units) per mi, respectively. The enzyme preparation was allowed to act for
- approximately 2 hours, or until the viscosity of the suspension dropped to about 45 to about
65 mPas at a shear rate of about 700 ™. One third of _t_he 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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That which is claimed is:
L. An enzyme modified cereal suspension compnsmg a cereal substrate suspension and
an enzyme preparation which comprises at least one hydrolase having the ability to hydrolyze

a-glycosidic bonds of constituents in the cereal substrate suspension.

2. The enzyme modified cereal suspension according to claim 1 wherein the enzyme

preparation is free of glucanase and proteinase activity.

3.  The enzyme modified cereal suspension according to claim 1 wherein the hydrolase
is 2 oa-glycosidic hydrolase selected from the group consisting of B-amylase, a-amylase,
amyloglucosidase, pullulanase and a mixture thereof, with the proviso that when the enzyme
 preparation comprises B-amylase or cc-amylase there is a mixture of at least one other of the

named a-glycosidic hydrolase.

4. The enzyme modified cereal suspension according to claim 3 with a further proviso
that when the enzyme preparation comprises both B-amylase and o-amylase they are

combined simultaneously in the cereal substrate suspension.

5. The enzyme modified cereal suspension according to claim 1 wherein the enzyme

preparation further comprises an isomerase.
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6. The enzyme modified cereal suspension according to claim 3 wherein the enzyme

preparation comprises a mixture of B-amylase and a—ani,ylasa

7. The enzyme modified cereal suspension according to claim 1 wherein at least two

hydrolases are introduced simuitaneously to the cereal substrate suspension.

8. A method of making a homogeneous cereal suspension comprising the steps oft

a) providing a cereal substrate suspension;

b) treating the cereal substrate suspension of step (2) with an enzyme preparation for

- enzymatic hydrolysis of constitents in the cereal meal suspension comprising at least one -

hydrolase having the ability to hydrolyze o-glycosidic bonds; and

¢) performing at least one finishing process on the enzyme treated suspension of step . -
~ (b) for making the homogeneous cereal suspension. -

9. The methad according to claim 8 wherein the hydrolase is & o-glycosidic hydrolase

selected from the group comsisting of f-amylase, a-amyiase, amylogiucosidase and

| pullulanase with the proviso tha_.t when the enzyme ptepu;ﬁon comprises -amylase or a-

amylase there is always a mixture of at least one other of the named a-glycosidic hydrolases.
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10.  The method according to claim 9 with the further proviso that when the enzyme
- preparation comprises both B-amylase and o-amylase, the enzymes are introduced

simuitaneously to the cereal substrate suspension.

11. - The method according to claim 8 wherein the enzyme preparation further comprises

" an isomerase.

12.  The method according to claim 8 wherein the enzyme preparation is free of glucanase

and proteinase activity. -

13.  The method according to claim 8 wherein the enzyme treated suspension of step (b)

has enzymatic activity terminated before performing the finishing process step.
14.  The method according to claim 8 wherein the step () comprises at least one finishing
process selected from the group consisting of homogenizing, ultra high temperature

treatment, pasteurizing, refrigeration, evaporation and spray drying.

15.  The method according to claim 8 wherein the cereal substrate suspension of step (a)

is further treated by removing coarse fibre particles.
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16. * The method according to claim 8 wherein the cereal substrate suspension of step (a)
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.

- 17. The method according to claim 8 wherein the cereal substrate suspension of step (a)

before entering step (b) is treated with B-amylase and subsequently treated with ot-amylase.

18.  The method according to claim 17 wherein the enzyme preparation further comprises

the addition of glucose isomerase.

'19.-  The method according to claim 9 wherein the enzyme preparation comprises a mixture. -

- of B-amylase and pullulanase. -

-~ 20. Themethodaccordingtodaim_9wht_:reinthe enzyme preparation cComprises a mixture .

of B-amylase, pullulanase and amyloglucosidase.

21.  The method according to claim 9 wherein the enzyme preparation comprises a mixture

of B-amylase and o-amylase.

22,  The method according to claim 9 wherein the enzyme preparation comprises
amyloglucosidase.
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23.  The method according to claim 9 wherein the enzyme preparation comprises

pullulanase.

24.  The method according to claim 17 wherein the enzyme preparation comprises

amyloglucosidase.

25.  The method according to claim 8 wherein the cereal substrate suspension is prepared
from a cereal selected from the group consisting of oat, barley, rice, wheat, rye, sorghum,

triticale and pear] millet.

26.  The method according to claim 9 further comprising discontimming enzymatic activity
in the enzyme treated suspension of step (b) before step (c).

27.  The method according to claim 9 wherein the enzyme treated suspension of step (b)
is further treated sequentiaily with a second enzyme preparation comprising at least one
hydroiase enzyme having the ability to hydrolyze a-glycosidic bonds selected from the group

consisting of B-amylase, a-amylase, amyloglucosidase and pullulanasé.

28.  The method according to claim 27 wherein the second enzyme preparation further

comprises glucose isomerase.
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29.  The method aécordix;g to claim 8 wherein at least two hydroias&s are introduced
simuitanecusly to the cereal substrate suspeasion.

30. - The method according to ciaim 8 further comprising heat treating the enzyme treated
suspension of step '(b) to s_olubi_lize 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.
31. A product prepared by the method according to claim 8.

. 32, A product prepared by the method according to claim 9.
33. A product prepared by the method according to claim 10.
34. A product prepared by the method according to claim 11.
35.  Aproduct prepared by the method according to claim 12. -
36. A product prepared by the method according to claim 17.
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37.  Aproduct prepared by the method according to saim 18,

38. A product prepared by the method according to claim 30.
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