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METHOD OF IMPROVING THE PROPERTIES
OF A FLOUR DOUGH, A FLOUR DOUGH
IMPROVING COMPOSITION AND
IMPROVED FOOD PRODUCTS

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority of the filing
date of U.S. Provisional Patent Application No. 60/398,020,

filed Jul. 24, 2002. This application 1s also a continuation-in-
partof U.S. patent application Ser. No. 09/932,923, filed Aug.

21, 2001, now U.S. Pat. No. 6,726,942, which 1s a continua-
tion of application Ser. No. 08/676,186 filed Sep. 12, 1996,
now U.S. Pat. No. 6,358,543, which was a continuation-in-
part of application Ser. No. 08/483,870, filed Jun. 7, 1995,
abandoned. The Ser. No. 08/483,870 application was a U.S.
national phase of PCT/DK96/00239, filed Jun. 4, 1996. This
application 1s additionally a continuation-in-part of applica-
tion Ser. No. 10/040,394, filed Jan. 9, 2002, row U.S. Pat. No.

6,852,346, which was a divisional of application Ser. No.
09/402,664, filed Oct. 22, 1999, now U.S. Pat. No. 6,406,723.

U.S. Pat. No. 6,406,723 was the U.S. national phase of PCT/
DK98/00136, filed Apr. 3, 1998, which claimed priority from
DK0400/97, filed Apr. 9, 1997. This application 1s also a
continuation-n-part of U.S. application Ser. No. 10/150,429,
filed May 17, 2002, now U.S. Pat. No. 6,967,035, which
claims prionty from UK Application 0112226.6, filed May
18, 2001, and U.S. Application No. 60/347,007, filed Jan. 9,
2002. We claim the benefit of priority dates of all the above
applications. This application also claims the benefit of pri-
ority of the filing date of Great Britain Application
0211975.8, filed May 24, 2002. The contents of all of the
above applications are incorporated herein by reference to the
extent they are consistent with this application and inventions
described herein.

FIELD OF INVENTION

The mvention pertains to the provision of tlour doughs
having improved rheological properties and farinaceous food
products having improved quality characteristics and 1t pro-
vides a maltose oxi1dizing oxidoreductase-containing compo-
sition capable of conferring such improved properties on
doughs and fimished food products made herefrom when 1t 1s
added as a component to the doughs, and a method of prepar-
ing improved doughs and farinaceous food products.

More 1n particular, the present invention relates to the field
of food manufacturing, in particular to the preparation of
improved bakery products and other farinaceous food prod-
ucts. Specifically, the mvention concerns the use of a new
combination for improving the stability and/or machineabil-
ity of dough and/or improving the quality of baked and dried
products made from such doughs.

In a preferred aspect, the present invention relates to:

amethod of improving the rheological and/or machineabil-

ity properties of a tlour dough and/or the quality of the
product made from the dough, comprising adding to the
dough a combination comprising a Hox and an emulsi-
fying agent.

Teachings relating to this preferred aspect now follow.

TECHNICAL BACKGROUND AND PRIOR ART

The invention relates 1n particular to a method of providing
flour doughs having improved rheological properties and to
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2

fimshed baked or dried products made from such doughs,
which have improved textural, eating quality and dimensional
characteristics.

In this connection, the “strength” or “weakness™ of doughs
1s an 1mportant aspect of making farinaceous finished prod-
ucts from doughs, including baking. The “strength” or
“weakness” of a dough 1s primarily determined by 1ts content
of protein and 1n particular the content and the quality of the
gluten protein 1s an important factor in that respect. Flours
with a low protein content are generally characterized as
“weak”. Thus, the cohesive, extensible, rubbery mass which
1s formed by mixing water and weak flour will usually be
highly extensible when subjected to stress, but 1t will not
return to 1ts original dimensions when the stress 1s removed.

Flours with a high protein content are generally character-
1zed as “strong’” tlours and the mass formed by mixing such a
flour and water will be less extensible than the mass formed
from a weak tlour, and stress which 1s applied during mixing
will be restored without breakdown to a greater extent than 1s
the case with a dough mass formed from a weak flour.

Strong flour 1s generally preferred 1n most baking contexts
because of the superior rheological and handling properties of
the dough and the superior form and texture qualities of the
finished baked or dried products made from the strong flour
dough.

Dough quality may be largely dependent on the type or
types of flour present 1n the dough and/or the age of the flour
or tlours.

Doughs made from strong tlours are generally more stable.
Stability of a dough 1s one of the most important character-
istics of tlour doughs. According to American Association of
Cereal Chemists (AACC) Method 36-01 A the term *“stabil-
1ity”” can be defined as “the range of dough time over which a
positive response 1s obtained and that property of a rounded
dough by which it resists flattening under 1ts own weight over
a course of time”. According to the same method, the term
“response’ 1s defined as “the reaction of dough to a known
and specific stimulus, substance or set of conditions, usually
determined by baking it in comparison with a control”

Within the bakery and milling industries 1t 1s known to use
dough ““‘conditioners™ to strengthen the dough to increase 1ts
stability and strength. Such dough conditioners are normally
non-specific oxidizing agents such as eg 1odates, peroxides,
ascorbic acid, K-bromate or azodi-carbonamide and they are
added to dough with the aims of improving the baking per-
formance of flour to achieve a dough with improved stretch-
ability and thus having a desirable strength and stability. The
mechanism behind this effect of oxidizing agents 1s that the
flour proteins, i particular gluten contains thiol groups
which, when they become oxidized, form disulphide bonds
whereby the protein forms a more stable matrix resulting in a
better dough quality and improvements of the volume and
crumb structure of the baked products.

In addition to the above usefulness of ascorbic acid/ascor-
bate as a dough conditioner due to i1ts oxidizing capacity,
these compounds may also act as substrate for an oxidoreduc-
tase, ascorbate oxidase which1s disclosedin EP0O682 116 Al.
In the presence of 1ts substrate, this enzyme converts ascorbic
acid/ascorbate to dehydroascorbic acid and H,O,. This prior
art does not suggest that ascorbic acid oxidase 1n the presence
ol ascorbic acid/ascorbate might have a dough conditioning
elfect, but assumingly this 1s the case.

However, the use of several of the currently available oxi-
dizing agents 1s either objected to by consumers or 1s not
permitted by regulatory bodies and accordingly, 1t has been
attempted to find alternatives to these conventional flour and
dough additives and the prior art has 1.a. suggested the use of
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glucose oxidase for this purpose. In addition, the prior art has
inter alia (1.a.) suggested the use of oxidoreductases such as
carbohydrate oxidase, glycerol oxidase and hexose oxidase
for this purpose.

Thus, U.S. Pat. No. 2,783,150 discloses the addition of
glucose oxidase to flour to improve dough strength and tex-
ture and appearance of baked bread.

CA 2,012,723 discloses bread improving compositions
comprising cellulolytic enzymes such as xylanases and glu-
cose oxidase, the latter enzyme being added to reduce certain
disadvantageous eflects of the cellulolytic enzymes (reduced
dough strength and stickiness) and 1t 1s disclosed that addition
of glucose to the dough i1s required to obtain a sufficient
glucose oxidase activity.

JP-A-92-084848 suggests the use of a bread improving,
composition comprising glucose oxidase and lipase.

EP-B1-321 811 discloses the use of an enzyme composi-
tion comprising sulthydryl oxidase and glucose oxidase to
improve the rheological characteristics of doughs. It 1s men-
tioned i this prior art document that the use of glucose
oxidase alone has not been successiul.

In EP-B1-338 452 15 disclosed an enzyme composition for
improving dough stability, comprising a mixture of cellulase/
hemicellulase, glucose oxidase and optionally sulthydryl oxi-
dase.

However, the use of glucose oxidase as a dough improving
additive has the limitation that this enzyme requires the pres-
ence of suificient amounts of glucose as substrate in order to
be effective 1n a dough system and generally, the glucose
content 1n cereal flours 1s low. Therefore, the absence of
glucose 1n doughs or the low content hereof 1n doughs will be
a limiting factor for the effectiveness of glucose oxidase as a
dough improving agent.

In contrast hereto, the content of maltose 1n cereal flours 1s
generally significantly higher than that of glucose and accord-
ingly, a freshly prepared dough will normally contain more
maltose than glucose. Thus, 1n an experiment where the con-
tent of sugars in supernatants from suspensions of wheat tlour
and a dough prepared from the flour and further comprising
water, yeast, salt and sucrose (as described 1n the following
example 2.3) were analyzed, the following values (% by
weight calculated on flour) were found:

Flour Dough
Sucrose 0.3 <0.01
(Galactose 0.001 0.01
Glucose 0.25 0.72
Maltose 2.6 1.4
Fructose 0.006 0.67
Lactose <().01 <0.01

In addition, the content of maltose remains at a relatively
high level 1n a dough which 1s leavened by vyeast, since the
yeast primarily utilizes glucose, or 1t may even increase in the
dough e.g. during proofing due to the activity of starch
degrading enzymes such as e.g. 3-amylase, which 1s inher-
ently present 1n the flour or 1s added to the dough.

Whereas the prior art has recognized the useful improving
elfects of glucose oxidase on the rheological characteristics
of bread doughs and on the quality of the corresponding
baked products, it has also been realized that the use of this
enzyme has several drawbacks. Thus, it may be required to
add sucrose or glucose as substrate to the dough to obtain a
suificient effect and glucose oxidase does not constantly pro-
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vide a desired dough or bread improving effect when used
alone without the addition of other enzymes.

However, 1t has now been found that the addition of an
oxidoreductase, which 1s capable ol oxidizing maltose,
including hexose oxidase as a sole dough conditioning agent,
1.e. without concomitant addition of substrate for the added
enzyme, or ol other enzymes, to a farinaceous dough results
in an increased resistance hereot to breaking when the dough
1s stretched, 1.e. this enzyme coniers 1n itself to the dough an
increased strength whereby the dough becomes less prone to
mechanical deformation. It 1s contemplated that this effect of
addition of hexose oxidase to a dough 1s the result of the
formation of cross-links between thiol groups in sulphur-
containing amino acids 1n wheat gluten which occurs when
the H,O, generated by the enzyme 1n the dough reacts with
the thiol groups which are hereby oxidized.

Hexose oxidase (D-hexose: O,-oxidoreductase, EC
1.1.3.5) 1s an enzyme which 1n the presence ol oxygen 1s
capable of oxidizing D-glucose and several other reducing
sugars mncluding maltose, glucose, lactose, galactose, xylose,
arabinose and cellobiose to their corresponding lactones with
subsequent hydrolysis to the respective aldobionic acids.
Accordingly, hexose oxidases differ from glucose oxidase
which can only convert D-glucose, 1n that hexose oxidases
can utilize a broader range of sugar substrates. The oxidation
catalyzed by the enzyme can be 1llustrated as follows:

D-Glucose+0O,->06-D-gluconolactone+H,O,, or

D-Galactose+0O,->y-D-galactogalactone+H, O,

Hexose oxidase (in the following also referred to as HOX)
has been 1solated from several red algal species such as Iri-
dophycus flaccidum (Bean and Hassid, 1936, J. Biol. Chem.,
218:425-436) and Chondrus crispus (Ikawa 1982, Methods
Enzymol., 89:145-149). Additionally, the algal species
Euthora cristata (Sullivan et al. 1973, Biochemica et Bio-
physica Acta, 309:11-22) has been shown to produce HOX.

Other potential sources of hexose oxidase according to the
invention include microbial species or land-growing plant
species. Thus, as an example of such a plant source, Bean et
al., Journal of Biological Chemistry (1961) 236: 1235-1240,
have disclosed an oxidoreductase from citrus fruits which 1s

capable of oxidizing a broad range of sugars including D-glu-
cose, D-galactose, cellobiose, lactose, maltose, D-2-deoxy-
glucose, D-mannose, D-glucosamine and D-xylose. Another
example of an enzyme having hexose oxidase activity 1s the
enzyme system of Malleomyces malle1 disclosed by Dowling
¢t al., Journal of Bacteriology (1956) 72:555-360.

It has been reported that hexose oxidase 1solated from the
above natural sources may be of potential use in the manu-
facturing of certain food products. Thus, hexose oxidase 1s0-
lated from Iridophycus flaccidum has been shown to be
capable of converting lactose 1n milk with the production of
the corresponding aldobionic acid and has been shown to be
ol potential interest as an acidifying agent in milk, e.g. to
replace acidifying microbial cultures for that purpose (Rand,
1972, Journal of Food Science, 37:698-701). In that respect,
hexose oxidase has been mentioned as a more 1nteresting
enzyme than glucose oxidase, since this latter enzyme can
only be enzymatically effective in milk or other food products
not containing glucose or having a low content of glucose, i
glucose or the lactose-degrading enzyme lactase which con-
vert the lactose to glucose and galactose, 1s also added.

The capability of oxidoreductases including that of hexose
oxidase to generate hydrogen peroxide has also been utilized
to 1mprove the storage stability of certain food products
including cheese, butter and fruit juice as 1t 1s disclosed 1n
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JP-B-73/016612. It has also been suggested that oxidoreduc-
tases may be potentially usetful as antioxidants in food prod-
ucts.

However, the present invention has demonstrated that hex-
ose oxidase 1s highly usetful as a dough conditioning agent 1n
the manufacturing of tlour dough products including not only
bread products but also other products made from flour
doughs such as noodles and alimentary paste products.

WO 94/04035 discloses a method of improving properties
of a dough (with and without fat) and/or baked product made
from dough by adding a lipase of microbial origin to the
dough. The use of the microbial lipase resulted 1n an increased
volume and improved softness of the baked product. Further-
more an antistaling effect was found.

EP 1 108 360 Al discloses a method of preparing a flour
dough. The method comprises adding to the dough compo-
nents an enzyme that under dough conditions 1s capable of
hydrolysing a nonpolar lipid, a glycolipid and a phospholipid,
or a composition containing said enzyme and mixing the
dough components to obtain the dough.

WO 02/03805 discloses that the addition to dough of a
combination of two lipases with diflerent substrate specifici-
ties. The combination produces a synergistic effect on the
dough or on a baked product made from the dough. Option-

ally, an additional enzyme may be used together with the
lipase.

SUMMARY OF THE INVENTION

Accordingly, the mmvention relates i a first aspect to a
method of improving the rheological properties of a flour
dough and the quality of the finished product made from the
dough, comprising adding to the dough ingredients, dough
additives or the dough an effective amount of an oxidoreduc-
tase which at least 1s capable of oxidizing maltose, such ase.g.
a hexose oxidase.

In a further aspect, there 1s also provided a dough bakery
product improving composition comprising an oxidoreduc-
tase which at least 1s capable of oxidizing maltose, and at least
one further dough ingredient or dough additive.

In still further aspects, the invention pertains to a method of
preparing a bakery product, comprising preparing a tlour
dough including adding an effective amount of an oxi-
doreductase which at least 1s capable of oxidizing maltose
and baking the dough, and a method of preparing a dough-
based food product comprising adding to the dough an effec-
tive amount of a maltose oxidizing oxidoreductase.

In addition, we have surprisingly found that a combination
of a Hox and an emulsitying agent results in particularly
advantageous properties in dough and dough products and/or
in baked products therefrom. In particular the stability (e.g.
shock stability) and/or rheological (e.g. decrease 1n sticki-
ness) and/or machineability properties and/or the resultant
volume of either the dough and/or baked products (e.g. baked
products with better crumb structure and/or homogeneity)
1s/are improved. Furthermore, the combination of the Hox
and emulsifying agent results 1n an improvement in bread
quality, 1n particular 1n respect of specific volume and/or
crumb homogeneity, which 1s not a simple additive effect, but
may reflect a synergistic effect of these types of enzymes.

The invention further relates to the use of a Hox and an
emulsifying agent to mmprove the rheological and/or
machineability properties of dough.

The 1nvention further relates to the use of a Hox and an
emulsiiying agent to improve the volume of a baked product
made from a dough.
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0
DETAILED DISCLOSURE OF THE INVENTION

In one aspect, the present method contemplates a method
of improving the rheological properties of tflour doughs. The
method comprises, as 1t 1s mentioned above, the addition of an
cifective amount of a maltose oxidizing oxidoreductase either
to a component of the dough recipe or to the dough resulting
from mixing all of the components for the dough. In the
present context, “an effective amount™ 1s used to indicate that
the amount 1s suificient to confer to the dough and/or the
finished product improved characteristics as defined herein.

In another aspect the invention provides a method of
improving the rheological and/or machineability properties
of a flour dough and/or the quality (e.g. volume) of the prod-
uct made from the dough, comprising adding to the dough a
combination comprising a Hox and an emulsitying agent.

Factors which influence the rheological properties and/or
the machineability include stickiness and extensibility.

In another aspect the invention provides a method of
improving the theological and/or machineability properties
of a flour dough and/or the quality (e.g. volume) of the prod-
uct made from the dough, comprising adding to the dough a
combination comprising a Hox and an emulsiiying agent
wherein the flour dough comprises at least one further dough
additive or ingredient.

In another aspect the invention provides a method of
improving the rheological and/or machineability properties
of a flour dough and/or the quality (e.g. volume) of the prod-
uct made from the dough, comprising adding to the dough a
combination comprising a Hox and an emulsiiying agent
wherein the product 1s selected from the group consisting of
a bread product, a noodle product, a cake product, a pasta
product and an alimentary paste product.

In another aspect the invention provides a method of
improving the rheological and/or machineability properties
of a flour dough and/or the quality (e.g. volume) of the prod-
uct made from the dough, comprising adding to the dough a
combination comprising a Hox and an emulsiiying agent
wherein at least one further enzyme 1s added to the dough
ingredients, dough additives or the dough.

In another aspect the invention provides a dough improving,
composition comprising a Hox and an emulsifying agent.

In another aspect the invention provides a dough improving,
composition comprising a Hox and an emulsifying agent
wherein the flour dough comprises at least one further dough
additive or mngredient.

In another aspect the invention provides use of a dough
improving composition comprising a Hox and an emulsitying
agent 1n the manufacture of a product made from dough
wherein the product 1s selected from the group consisting of
a bread product, a noodle product, a cake product, a pasta
product and an alimentary paste product.

In another aspect the invention provides a dough improving,
composition comprising a Hox and an emulsifying agent
wherein at least one further enzyme 1s added to the dough
ingredients, dough additives or the dough.

In another aspect the mvention provides use of a dough
improving composition comprising a Hox and an emulsitying
agent wherein said composition improves the rheological
and/or machineability properties of flour dough.

In another aspect the invention provides use of a dough
improving composition comprising a Hox and an emulsitying
agent wherein said composition improves the volume of a
baked product made from a flour dough.

In another aspect the invention provides a dough for addi-
tion to a sponge wherein said dough comprises a Hox and an
emulsifying agent.
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In another aspect the ivention provides a dough for addi-
tion to a sponge wherein said dough comprises a Hox and an
emulsiiying agent and wherein the dough comprises at least
one further dough additive or ingredient.

Hexose Oxidase

In one useful embodiment of the method according to the
invention, the oxidoreductase 1s a hexose oxidase.

The term “Hox™ as used herein refers to Hexose oxidase
(D-hexose:O,-oxidoreductase, EC 1.1.3.5). Below discloses
some of the sources of Hox. WO 96/40935 discloses amethod
of producing Hox by recombinant DNA technology. U.S. Pat.
No. 6,251,626 discloses hexose oxidase sequences.

The Hox may be isolated and/or purified from natural
sources or 1t may be prepared by use of recombinant DNA
techniques.

The Hox may be a variant or derivative of a natural Hox.

The Hox, or the variant or derivative of a natural Hox, 1s
capable of oxidising maltose 1n the dough.

Preferably the Hox 1s added in a substantially pure and/or
substantially 1solated form.

Hexose oxidase can, as 1t 1s described 1n details herein, be
isolated from marine algal species naturally producing that
enzyme. Such species are found 1n the family Gigartinaceae
which belong to the order Gigartinales. Examples of hexose
oxidase producing algal species belonging to Gigartinaceae
are Chondrus crispus and Indophycus flaccidum. Also algal
species of the order Cryptomeniales including the species
Euthora cristata are potential sources of hexose oxidase.

When using such natural sources for hexose oxidase, the
enzyme 1s typically 1solated from the algal starting material
by extraction using an aqueous extraction medium. As start-
ing material may be used algae in their fresh state as harvested
from the marine area where they grow, or the algal material
can be used for extraction of hexose oxidase after drying the
fronds e.g. by air-drying at ambient temperatures or by any
appropriate industrial drying method such as drying in circu-
lated heated air or by freeze-drying. In order to facilitate the
subsequent extraction step, the fresh or dried starting material
may advantageously be comminuted e.g. by grinding or
blending.

As the aqueous extraction medium, buffer solutions e.g.
having a pH 1n the range of 5-8, such as 0.1 M sodium
phosphate buffer, 20 mM triethanolamine buffer or 20 mM
Tris-HCI builer are suitable. The hexose oxidase 1s typically
extracted from the algal material by suspending the starting
material in the buffer and keeping the suspension at a tem-
perature 1n the range of 0-20° C. such as at about 5° C. for 1
to 5 days, preferably under agitation.

The suspended algal material 1s then separated from the
aqueous medium by an appropriate separation method such
as {iltration, sieving or centrifugation and the hexose oxidase
1s subsequently recovered from the filtrate or supernatant.
Optionally, the separated algal material 1s subjected to one or
more further extraction steps.

Since several marine algae contain coloured pigments such
as phycocyamins, 1t may be required to subject the filtrate or
supernatant to a turther purification step whereby these pig-
ments are removed. As an example, the pigments may be
removed by treating the filtrate or supernatant with an organic
solvent 1n which the pigments are soluble and subsequently
separating the solvent containing the dissolved pigments
from the aqueous medium. Alternatively, pigments may be
removed by subjecting the filtrate or supernatant to a hydro-
phobic interaction chromatography step.

The recovery of hexose oxidase from the aqueous extrac-
tion medium 1s carried out by any suitable conventional meth-
ods allowing 1solation of proteins from aqueous media. Such
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methods, examples of which will be described in details in the
tollowing, include conventional methods for 1solation of pro-
teins such as 1on exchange chromatography, optionally fol-
lowed by a concentration step such as ultrafiltration. It 1s also
possible to recover the enzyme by adding substances such as
e.g. (NH,),SO, or polyethylene glycol (PEG) which causes
the protein to precipitate, followed by separating the precipi-
tate and optionally subjecting 1t to conditions allowing the
protein to dissolve.

For certain applications of hexose oxidase 1t 1s desirable to
provide the enzyme in a substantially pure form e.g. as a
preparation essentially without other proteins or non-protein
contaminants and accordingly, the relatively crude enzyme
preparation resulting from the above extraction and 1solation
steps may be subjected to further purification steps such as
further chromatography steps, gel filtration or chromatofo-
cusing as 1t will also be described by way of example in the
following.

Further Dough Additives or Ingredients (Components)

In a preferred embodiment of the method according to the
invention, a flour dough 1s prepared by mixing flour with
water, a leavening agent such as yeast or a conventional
chemical leavening agent, and an effective amount of hexose
oxidase under dough forming conditions. It 1s, however,
within the scope of the invention that further components can
be added to the dough mixture.

Typically, such further dough components include conven-
tionally used dough components such as salt (such as sodium
chloride, calcium acetate, sodium sulfate or calcium sulfate),
sweetening agents such as sugars, syrups or artificial sweet-
ening agents, lipid substances including shortening, marga-
rine, butter or an animal or vegetable o1l, glycerol and one or
more dough additives such as emulsiiying agents, starch
degrading enzymes, cellulose or hemicellulose degrading
enzymes, proteases, lipases, non-specific oxidizing agents
such as those mentioned above, flavouring agents, lactic acid
bactenial cultures, vitamins, minerals, hydrocolloids such as
alginates, carrageenans, pectins, vegetable gums including
¢.g. guar gum and locust bean gum, and dietary fiber sub-
stances.

The dough may also comprise other conventional dough
ingredients, e.g.: proteins, such as milk powder, gluten, and
soy; eggs (either whole eggs, egg yolks or egg white); an
oxidant such as ascorbic acid, potassium bromate, potassium
1odate, azodicarbonamide (ADA) or ammonium persulfate;
an amino acid such as L-cysteine; a sugar.

The dough may comprise fat such as granulated fat or
shortening.

The further dough additive or ingredient can be added
together with any dough ingredient including the flour, water
or optional other ingredients or additives, or the dough
improving composition. The further dough additive or ingre-
dient can be added before the flour, water, optional other
ingredients and additives or the dough improving composi-
tion. The further dough additive or ingredient can be added
aiter the flour, water, optional other ingredients and additives
or the dough 1improving composition.

The further dough additive or ingredient may conveniently
be a liquid preparation. However, the further dough additive
or ingredient may be conveniently 1n the form of a dry com-
position.

Preferably the further dough additive or ingredient 1s
selected from the group consisting of a vegetable oil, a veg-
ctable fat, an animal fat, shortening, glycerol, margarine,
butter, buttertat and milk fat.

Preferably the further dough additive or ingredient 1s at
least 1% the weight of the tlour component of dough. More
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preferably, the further dough additive or ingredient 1s at least
2%, preferably at least 3%, preferably at least 4%, preferably
at least 5%, preferably at least 6%.

If the additive 1s a fat, then typically the fat may be present
in an amount of from 1 to 3%, typically 1 to 3%, more
typically about 2%.

Further Enzymes

In one advantageous embodiment of the above method at
least one further enzyme 1s added to the dough. Suitable
examples hereol include a cellulase, a hemicellulase, a xyla-
nase, a starch degrading enzyme, a glucose oxidase, a lipase,
a lipoxygenase, an oxidoreductase and a protease.

Among starch degrading enzymes, amylases are particu-
larly useful as dough improving additives. Other useful starch
degrading enzymes which may be added to a dough compo-
sition include glucoamylases and pullulanases.

The term “xylanase” as used herein refers to xylanases (EC
3.2.1.32) which hydrolyse xylosidic linkages.

The further enzyme can be added together with any dough
ingredient including the flour, water or optional other ingre-
dients or additives, or the dough improving composition. The
turther enzyme can be added before the flour, water, and
optionally other ingredients and additives or the dough
improving composition. The further enzyme can be added
after the flour, water, and optionally other ingredients and
additives or the dough improving composition.

The further enzyme may conveniently be a liquid prepara-
tion. However, the composition may be convemently in the
form of a dry composition.

In some aspects of the present invention 1t may be found
that some enzymes of the dough improving composition of
the mnvention are capable of interacting with each other under
the dough conditions to an extent where the effect on
improvement of the rheological and/or machineability prop-
erties of a flour dough and/or the quality of the product made
from dough by the enzymes 1s not only additive, but the effect
1S synergistic.

In relation to improvement of the product made from
dough (finished product), it may be found that the combina-
tion results 1n a substantial synergistic effect in respect to
crumb homogeneity as defined herein. Also, with respect to
the specific volume of baked product a synergistic effect may
be found.

Emulsifying Agent

The dough may further comprise a further emulsifier such
as mono- or diglycerides, sugar esters of fatty acids, polyg-
lycerol esters of fatty acids, lactic acid esters of monoglycer-
ides, acetic acid esters of monoglycerides, polyoxethylene
stearates, or lysolecithin. Among starch degrading enzymes,
amylases are particularly useful as dough improving addi-
tives. a-amylase breaks down starch into dextrins which are
turther broken down by p-amylase into maltose. Other useful
starch degrading enzymes which may be added to a dough
composition include glucoamylases and pullulanases. In the
present context, further interesting enzymes are xylanases
and other oxidoreductases such as glucose oxidase, pyranose
oxidase and sulthydryl oxidase.

Conventional emulsifiers used in making tflour dough prod-
ucts include as examples monoglycerides, diacetyl tartaric
acid esters of mono- and diglycerides of fatty acids, and
lecithins e.g. obtained from sova.

The emulsifying agent may be an emulsifier per se or an
agent that generates an emulsifier 1n situ.

Examples of emulsitying agents that can generate an emul-
sifier 1n situ include enzymes.

Preferably the emulsifying agent 1s a lipase.

Lipase

The term “lipase” as used herein refers to enzymes which
are capable of hydrolysing carboxylic ester bonds to release
carboxylate (EC 3.1.1). Examples of lipases include but are
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not limited to triacylglycerol lipase (EC 3.1.1.3), galactoli-
pase (EC 3.1.1.26), phospholipase (EC 3.1.1.32).

The lipase may be 1solated and/or purnified from natural
sources or 1t may be prepared by use of recombinant DNA
techniques.

Preferably the lipase 1s selected from the group comprising
triacylglycerol lipase, a galactolipase, phospholipase.

More preferably the lipase(s) may be one or more of:
triacylglycerol lipase (EC 3.1.1.3), phospholipase A2 (EC
3.1.1.4), galactolipase (EC 3.1.1.26), phospholipase Al (EC
3.1.1.32), lipoprotein lipase A2 (EC 3.1.1.34).

The lipase may be a variant or derivative of a natural lipase.

For some aspects, preferably the lipase 1s a phospholipase
(1including a variant phospholipase).

Preferably the lipase 1s added 1n a substantially pure and/or
substantially 1solated form.

Lipases that are useful in the present invention can be
derived from a bacterial species, a fungal species, a yeast
species, an animal cell and a plant cell. Whereas the enzyme
may be provided by cultivating cultures of such source organ-
isms naturally producing lipase, 1t may be more convenient
and cost-effective to produce it by means of genetically modi-
fied cells such as 1t 1s described WO 9800136. The term
“dertved” may imply that a gene coding for the lipase is
1solated from a source organism and 1nserted into a host cell
capable of expressing the gene.

WO 02/03805 teaches some of the sources of lipases. The
lipases that are taught therein are incorporated herein by
reference.

For some aspects of the present invention the lipase may be
Lipopan F (supplied by Novozymes) or a variant thereof.
Dough Preparation

The dough 1s prepared by admixing flour, water, the oxi-
doreductase according to the invention or the dough 1improv-
ing composition and optionally other possible ingredients and
additives. The oxidoreductase or dough improving composi-
tion can be added together with any dough ingredient includ-
ing the tlour, the water or dough 1ngredient mixture or with
any additive or additive mixture. The dough improving com-
position can be added belfore the flour or water or optional
other ingredients and additives. The dough improving com-
position can be added after the flour or water, or optional other
ingredients and additives. The dough can be prepared by any
conventional dough preparation method common 1n the bak-
ing industry or in any other industry making flour dough
based products.

The dough of the mvention generally comprises wheat
meal or wheat flour and/or other types of meal, tlour or starch
such as corn flour, corn starch, maize tlour, rice tlour, rye
meal, rye flour, oat flour, oat meal, soy tlour, sorghum meal,
sorghum flour, potato meal, potato flour or potato starch.

A preterred tlour 1s wheat flour, but doughs comprising
flour dertved from other cereal species such as from rice,
maize, corn, oat, barley, rye, durra, soy, sorghum and potato
are also contemplated.

Preferably the tlour dough comprises a hard flour.

The term “hard tlour” as used herein refers to flour which
has a higher protein content such as gluten than other tlours
and 1s suitable for the production of, for example, bread. The
term “hard flour” as used herein 1s synonymous with the term
“strong flour”.

Preferably the flour dough comprises a hard wheat flour.

The mvention also provides a pre-mix comprising flour
together with the combination as described herein. The pre-
mix may contain other dough-improving and/or bread-im-
proving additives, e.g. any of the additives, including
enzymes, mentioned herein.
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The dough of the invention may be fresh, frozen, or part-
baked.

The dough of the invention can be a leavened dough or a
dough to be subjected to leavening. The dough may be leav-
ened 1n various ways, such as by adding chemical leavening
agents, e.g., sodium bicarbonate or by adding a leaven (fer-
menting dough), but 1t 1s preferred to leaven the dough by
adding a suitable yeast culture, such as a culture of Saccha-
romyces cerevisiae (baker’s yeast), e.g. a commercially avail-
able strain of S. cerevisiae.

The oxidoreductase or the dough improving composition
can be added as a liquid preparation or 1n the form of a dry
powder composition either comprising the enzyme as the sole
active component or in admixture with one or more other
dough 1ngredients or additive.

The amount of the enzyme component added normally 1s
an amount which results 1n the presence 1n the finished dough
of 1 to 10,000 units per kg of flour, preferably 5 to 3000 units
such as 10 to 1000 units. In useful embodiments, the amount
1s 1n the range of 20 to 500 units per kg of flour. In the present
context 1 oxidoreductase unit corresponds to the amount of
enzyme which under specified conditions results in the con-
version of 1 umole glucose per minute. The activity 1s stated
as units per g ol enzyme preparation.

Rheological Properties

The phrase “rheological properties™ as used herein relates
to the physical and chemical phenomena described herein
which 1n combination will determine the performance of tlour
doughs and thereby also the quality of the resulting products.

The phrase “machineability of a flour dough” as used
herein refers to the improved manipulation by machinery of
the dough. The dough 1s less sticky compared to the dough
without the addition of the combination.

In a further embodiment, the invention relates to improve-
ment of the rheological characteristics of the dough including,
that the gluten index 1n the dough 1s increased by at least 5%,
relative to a dough without addition of a combination, the
gluten index 1s determined by means of a Glutomatic 2200
apparatus.

The phrase “rheological properties’™ as used herein refers to
the effects of dough conditioners on dough strength and sta-
bility as the most important characteristics of flour doughs.
According to American Association of Cereal Chemists
(AACC) Method 36-01A the term ““stability” can be defined
as “the range of dough time over which a positive response 1s
obtained and that property of a rounded dough by which 1t
resists flattening under 1ts own weight over a course of time”.
According to the same method, the term “response’ 1s defined
as “the reaction of dough to a known and specific stimulus,
substance or set of conditions, usually determined by baking
it in comparison with a control”.

As 1t 1s mentioned herein, 1t 1s generally desirable to
improve the baking performance of tlour to achieve a dough
with 1mproved stretchability and thus having a desirable
strength and stability by adding oxidising agents which cause
the formation of protein disulphide bonds whereby the pro-
tein forms a more stable matrix resulting 1n a better dough
quality and improvements of the volume and crumb structure
of baked products.

The effect of the oxidoreductase or the dough improving
composition on the rheological properties of the dough can be
measured by standard methods according to the International
Association of Cereal Chemistry (ICC) and the American
Association of Cereal Chemistry (AACC) including the amy-
lograph method (ICC 126), the farinograph method (AACC
54-21) and the extensigraph method (AACC 54-10). The

extensigraph method measures e.g. the doughs ability to

10

15

20

25

30

35

40

45

50

55

60

65

12

retain gas evolved by yeast and the ability to withstand prooi-
ing. In effect, the extensigraph method measures the relative
strength of a dough. A strong dough exhibits a higher and, 1n
some cases, a longer extensigraph curve than does a weak
dough. AACC method 54-10 defines the extensigraph in the
following manner: “the extensigraph records a load-exten-
s1on curve for a test piece of dough until it breaks. Character-
istics of load-extension curves or extensigrams are used to
assess general quality of flour and 1ts responses to improving
agents”.

In a preferred embodiment of the mnvention, the resistance
to extension of the dough 1n terms of the ratio between the
resistance to extension (height of curve, B) and the extensi-
bility (length of curve, C), 1.e. the B/C ratio as measured by
the AACC method 34-10 1s increased by at least 10% relative
to that of an otherwise similar dough not containing oxi-
doreductase. In more preferred embodiments, the resistance
to extension 1s increased by at least 20%, such as at least 50%
and 1n particular by at least 100%.

The method according to the invention can be used for any
type of flour dough with the aims of improving the rheologi-
cal properties hereof and the quality of the finished prod-ucts
made from the particular type of dough. Thus, the method 1s
highly suitable for the making of conventional types of yeast
leavened bread products including wheat flour based bread
products such as loaves and rolls. However, 1t 1s contemplated
that the method also can improve the properties of doughs in
which leavening 1s caused by the addition of chemical leav-
ening agents, including sweet bakery products such as cake
products including as examples pound cakes and mulfins, or
SCONES.

Noodles

In one 1nteresting aspect, the invention 1s used to improve
the rheological properties of doughs intended for noodle
products including “white noodles” and “chinese noodles™
and to improve the textural qualities of the finished noodle
products. A typical basic recipe for the manufacturing of
noodles comprises the following ingredients: wheat tlour 100
parts, salt 0.5 parts and water 33 parts. Furthermore, glycerol
1s often added to the noodle dough. The noodles are typically
prepared by mixing the ingredients 1n an appropriate mixing
apparatus followed by rolling out the noodle dough using an
appropriate noodle machine to form the noodle strings which
are subsequently air dried.

The quality of the finished noodles 1s assessed inter alia
(1.a.) by their colour, cooking quality and texture. The noodles
should cook as quickly as possible, remain firm after cooking
and should preferably not loose any solids to the cooking
water. On serving the noodles should preferably have a
smooth and firm surface not showing stickiness and provide a
firm *“‘b1te’” and a good mouthieel. Furthermore, 1t 1s important
that the noodles have a light colour.

Since the appropriateness of wheat flour for providing
noodles having the desired textural and eating qualities may
vary according to the year and the growth area, 1t 1s usual to
add noodle improvers to the dough 1n order to compensate for
sub-optimal quality of the flour. Typically, such improvers
will comprise dietary fiber substances, vegetable proteins,
emulsifiers and hydrocolloids such as e.g. alginates, carrag-
eenans, pectins, vegetable gums including guar gum and
locust bean gum, and amylases, and glycerol.

It has been attempted to use glucose oxidase as a noodle
improving agent. However, as mentioned above, the content
of glucose may be so low 1n wheat flour that this enzyme will
not be effective.

It 1s therefore an important aspect of the invention that the
oxidoreductase according to the invention and the composi-
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tion according to the invention 1s usetul as anoodle improving,
agent, optionally 1n combination with glycerol and other
components currently used to improve the quality of noodles.
Thus, 1t 1s contemplated that noodles prepared 1n accordance
with the above method will have improved properties with
respect to colour, cooking and eating qualities including a
firm, elastic and non-sticky texture and consistency.
Alimentary Paste Product

In a further useful embodiment the dough which 1s pre-
pared by the method according to the invention 1s a dough for
preparing an alimentary paste product. Such products which
include as examples spaghetti and maccaroni are typically
prepared from a dough comprising as the main ingredients
such as flour, eggs or egg powder and/or water. After mixing
of the ingredient, the dough 1s formed to the desired type of
paste product and air dried. It 1s contemplated that the addi-
tion of the combination to a paste dough, optionally 1n com-
bination with 1ts substrate, will have a significant improving,
cifect on the extensibility and stability hereof resulting in
finished paste product having textural and eating qualities.

In a further aspect of the ivention there 1s provided a
dough improving composition comprising the oxidoreduc-
tase according to the invention and at least one further dough
ingredient or dough additive.

Bread

In the mvention the improvement of the rheological prop-
erties of the dough 1nclude that the resistance to extension of
the dough 1n terms of the ratio between resistance to extension
(height of curve, B) and the extensibility (length of curve, C),
1.€. the B/C ratio, as measured by the AACC method 54-101s
increased by at least 10% relative to that of an otherwise
similar dough that does not comprise the combination and
wherein the improvement of the quality of the finished prod-
uct made from the dough 1s that the average pore diameter of
the crumb of the bread made from the dough 1s reduced by at
least 10%, relative to a bread which 1s made from a bread
dough without addition of the combination.

In a further embodiment, the invention, implies that the
improvement of the quality of the product made from the
dough consists 1n that the pore homogeneity of the crumb of
the bread made from the dough 1s increased by at least 5%,
relative to a bread which 1s made from a bread dough without
addition of the combination. The pore homogeneity of bread
1s conveniently measured by means of an image analyser
composed of a standard CCD-video camera, a video digitiser
and a personal computer with WinGrain software. Using such
an analyzer, the results of pore diameter 1n mm and pore
homogeneity can be calculated as an average of measure-
ments from 10 slices of bread. The pore homogeneity 1s
expressed 1 % of pores that are larger than 0.5 times the
average ol pore diameter and smaller than 2 times the average
diameter.

Preferably, the dough 1s a yeast leavened dough. Although,
it 1s preferred to use the method of the present invention for
the manufacture of yeast leavened bread products such as
bread loaves, rolls or toast bread, the use of the method for any
other type of dough and dough based products such as noodle
and pasta products and cakes, the quality of which can be
improved by the addition of the combination according to the
present invention, 1s also contemplated.

Preferably the method comprises a further step that the
dough 1s baked to obtain a baked product.

Preferably, when the dough 1s a bread dough, the method
comprises as a further step that the dough 1s baked to obtain a
baked product. One particularly desired property of baked
bread products 1s a high specific volume as defined 1n the
examples. Accordingly, the addition of the combination of the
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invention preferably results 1n an increase of the specific
volume of the baked product that 1s at least 10%, relative to a
baked product made under identical conditions except that the
enzyme 1s not added. More preferably, the increase of the
specific volume 1s at least 20% such as at least 30%, e.g. at
least 40%. Alternatively, the dough 1s a dough selected from

the group consisting of a pasta dough, a noodle dough, and a
cake dough or batter.

The phrase “quality of the product” as used herein refers to
the final and stable volume and/or crust colour and/or texture
and taste.

The term “product made from dough™ as used herein refers
to a bread product such as in the form of loaves or rolls, french
baguette type bread, pita bread, tacos and crisp bread. Pret-
erably the term refers to cakes, pan-cakes, biscuits. More
preferably the term refers to pasta. More preferably the term
refers to noodles. More preferably the term refers to alimen-
tary paste product.

In a preferred embodiment, the oxidoreductase 1s hexose
oxidase. The further ingredients or additive can be any of the
ingredients or additives which are described above. The com-
position may conveniently be a liquid preparation comprising
the oxidoreductase. However, the composition 1s conve-
niently in the form of dry composition. It will be understood
that the amount of oxidoreductase activity in the composition
will depend on the types and amounts of the further imgredi-
ents or additives. However, the amount of oxidoreductase
activity 1s preferably 1n the range of 10 to 100,000 units,
preferably in the range of 100 to 50,000 units such as 1,000 to
10,000 units including 2,000 to 5,000 units.

Optionally, the composition may be in the form of a com-
plete dough additive mixture or pre-mixture for a making a
particular finished product and contaiming all of the dry ingre-
dients and additives for such a dough. In specific embodi-
ments, the composition may be one particularly usetul for
preparing a baking product or in the making of a noodle
product or an alimentary paste product.

As mentioned above, the present mvention provides a
method for preparing a bakery product including the addition
to the dough of an oxidoreductase such as e.g. hexose oxi-
dase. In particular, this method results 1n bakery products
such as the above mentioned products in which the specific
volume 1s increased relative to an otherwise similar bakery
product, prepared from a dough not containing oxidoreduc-
tase. It has been found that the addition of the composition of
the present ivention to bakery product doughs results in
bakery products such as yeast leavened and chemically leav-
ened products 1n which the specific volume 1s increased rela-
tive to an otherwise similar bakery product. In this context,
the expression “specific volume” 1s used to indicate the ratio
between volume and weight of the product. It has been found
that, 1n accordance with the method described herein, the
specific volume can be increased significantly such as by at
least 10%, preferably by at least 20%, including by at least
30%, preferably by at least 40% and more preferably by at
least 50%.

The present mnvention 1s highly suitable for improving the
rheological and/or machineability properties and/or quality
(e.g. volume) of the finished products (products made from
the dough) of conventional types of yeast leavened bread
products based on wheat Hour, such as loaves and rolls. The
present invention 1s also suitable for improving the rheologi-
cal properties of doughs containing chemical leavening
agents (baking powder) and the quality (e.g. volume) of prod-
ucts made from such doughs. Such product include as
examples breads, sponge cakes and mulifins.
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Enzyme Amount
Preferably the or each enzyme 1s added 1n an amount from

1-1000 ppm, preferably 25-3500 ppm, more preferably 50-300

ppm.
Nucleotide Sequence

The enzyme need not be a native enzyme. In this regard, the
term “native enzyme” means an entire enzyme that 1s 1n its
native environment and when 1t has been expressed by its
native nucleotide sequence.

The nucleotide sequence of the present invention may be
prepared using recombinant DNA techniques (i.e. recombi-
nant DNA). However, in an alternative embodiment of the
invention, the nucleotide sequence could be synthesised, 1n
whole or 1n part, using chemical methods well known 1n the
art (see Caruthers M H et al (1980) Nuc Acids Res Symp Ser
215-23 and Horn T et al (1980) Nuc Acids Res Symp Ser
225-232).

Amino Acid Sequences

The enzyme may be prepared/isolated from a suitable
source, or 1t may be made synthetically or it may be prepared
by use of recombinant DNA techniques.

Variants/Homologues/Derivatives

The present invention also encompasses the use of varants,
homologues and derivatives of any amino acid sequence of an
enzyme of the present invention or of any nucleotide
sequence encoding such an enzyme. Here, the term “homo-
logue” means an entity having a certain homology with the
subject amino acid sequences and the subject nucleotide
sequences. Here, the term “homology”™ can be equated with
“1dentity”.

In the present context, an homologous sequence 1s taken to
include an amino acid sequence which may be at least 75, 85
or 90% 1dentical, preferably at least 95 or 98% 1dentical to the
subject sequence. Typically, the homologues will comprise
the same active sites etc. as the subject amino acid sequence.
Although homology can also be considered in terms of simi-
larity (1.e. amino acid residues having similar chemical prop-
erties/functions), in the context of the present invention 1t 1s
preferred to express homology 1n terms of sequence 1dentity.

Homology comparisons can be conducted by eye, or more
usually, with the aid of readily available sequence comparison
programs. These commercially available computer programs
can calculate % homology between two or more sequences.

The mvention will now be described by way of 1llustration
in the following non-limiting examples and the drawings, 1n
which:

FIG. 1 which 1s a photographic image of a bread;

FIG. 2 which 1s a photographic image of a bread; and

FIG. 3 which 1s a photographic image of a bread.

EXAMPLE 1

1.1. Purification of Hexose Oxidase from Chondrus crispus

A purified hexose oxidase preparation was obtained using
the below extraction and purification procedures. During
these procedures and the following characterizations of the
purified enzyme, the following assay for determination of
hexose oxidase activity was used:
1.1.1. Assay of Hexose Oxidase Activity

The assay was based on the method described by Sullivan
and Ikawa (Biochimica et Biophysica Acta, 1973, 309:11-
22), butmodified to run in microtiter plates. An assay mixture
contained 1350 ul 3-D-glucose (0.1 M in 0.1 M sodium phos-
phate butfer, pH 6.3), 120 ul 0.1 M sodium phosphate butfer,
pH 6.3, 10 ul o-dianisidinedihydrochloride (Sigma D-3252,
3.0 mg/ml in H,O), 10 ul peroxidase (POD) (Sigma P-8125,
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0.1 ml 1n 0.1 M sodium phosphate butler, pH 6.3) and 10 ul
enzyme (HOX) solution. Blanks were made by adding butfer
in place of enzyme solution.

The incubation was started by the addition of glucose.
After 15 minutes of incubation at 25° C. the absorbance at 405
nm was read i an ELISA reader. A standard curve was
constructed using varying concentrations of H,O, 1n place of
the enzyme solution.

The reaction can be described in the following manner:

HOX

3-D-glucose+H,0O+02->gluconic acid+H,O,

H,O,+p-dianisidine,  ~>2H,0O+o0-dianisidine_

Oxidized o-dianisidine has a yellow colour absorbing at
405 nm.

1.1.2. Extraction

Fresh Chondrus crispus fronds were harvested along the
coast of Brittany, France. This fresh material was homog-
enized 1n a pin mill (Alpine). To a 100 g sample of the
resulting homogenized frond material was added 300 ml of
0.1 M sodium phosphate buifer, pH 6.8. The mixture was
subsequently sonicated 1n a sonication bath for 5 minutes and
then extracted under constant rotation for 4 days at 5° C.,
followed by centrifugation of the mixture at 47,000xg for 20
minutes.

300 ml of the resulting clear pink supernatant was desalted
by ultrafiltration using an Amicon ultrafiltration unit
equipped with an Omega (10 kD cut off, Filtron) ultrafiltra-
tion membrane.

1.1.3. Anion Exchange Step

Theretentate resulting from 1.1.2 was appliedtoa 5x10cm
column with 200 ml Q-Sepharose FF equilibrated 1n 20 mM
triecthanolamine, pH 7.3. The column was washed with the
equilibration buifer and hexose oxidase eluted with a 450 ml
gradient of 0 to 1 M of NaCl in equilibration bufler. The
column was eluted at 6 ml/minute, and fractions of 14 ml
collected. Fractions 9-17 (total 125 ml) were pooled and
concentrated by ultrafiltration using an Amicon 8400 unit
equipped with an Omega (10 kD cut off, Filtron) ultrafiltra-
tion membrane to 7.5 ml.

1.1.4. Gel Filtration

The above 7.5 ml retentate was applied to a Superdex 200
2.6x60 cm gel filtration column equilibrated mm 50 mM
sodium phosphate butler, pH 6.4 and eluted at a tlow rate of 1
ml/-minute. Fractions of 4 ml were collected. Fractions 17-28
(total volume 50 ml) containing the hexose oxidase activity
were pooled.

1.1.5. Hydrophobic Interaction Chromatography

To the pool resulting from the gel filtration step 1.1.4
ammonium sulphate was added to a final concentration of 2
M. This mixture was then applied to a 1.6x16 cm column with
32 ml phenyl sepharose equilibrated 1n 20 mM sodium phos-
phate buffer, pH 6.3 and 2 M (NH,),S0,. The column was
washed with equilibration builer followed by elution of hex-
ose oxidase at a flow rate of 2 ml/minute using a 140 linear
gradient from 2 M to 0 M (NH_,),SO, 1n 20 mM sodium
phosphate butfer. Fractions of 4 ml were collected and frac-
tions 24-33 containing the hexose oxidase activity were
pooled.

The above mentioned pink colour accompanies the
enzyme, but 1t 1s separated from hexose oxidase 1n this puri-
fication step.

1.1.6. Mono Q Amon Exchange

The above pool resulting from the above phenyl sepharose
chromatography step was desalted by ultrafiltration as
described above. 2 ml of this pool was applied to a Mono @
HR 5/5 column equilibrated in 20 mM triethanolamine, pH
7.3. The column was subsequently eluted using a 45 ml linear
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gradient from O to 0.65 M NaCl 1n equilibration buffer at a
flow rate 1.5 ml/minute. Fractions of 1.5 ml were collected

and fractions 14-24 were pooled.
1.1.7. Mono P Amion Exchange

The hexose oxidase-containing pool from the above step
1.1.6 was applied to a Mono P HR 5/5 column equilibrated 1in
20 mM bis-Tris butfer, pH 6.5. The enzyme was eluted using
a 45 ml linear gradient from O to 0.65 M NaCl in equilibration
buffer at a flow rate o1 1.5 ml/minute, and fractions of 0.75 ml
were collected. The highest hexose oxidase activity was
found 1n fraction 12.

1.2. Characterization of the Purified Hexose Oxidase

The hexose oxidase-containing pools from the above steps
1.1.6 and 1.1.7 were used in the below characterization
experiments:

1.2.1. Determination of Molecular Weight

The si1ze of the purified native hexose oxidase was deter-
mined by gel permeation chromatography using a Superose 6
HR 10/30 column at a flow rate of 0.5 ml/minute 1n 50 mM
sodium phosphate butier, pH 6.4. Ferritin (440 kD), catalase
(232 kD), aldolase (158 kD), bovine serum albumin (67 kD)
and chymotrypsinogen (25 kD) were used as size standards.
The molecular weight of the purified hexose oxidase was
determined to be 120+10 kD.

1.2.2. Determination of pH Optimum

Assay mixtures for the determination of pH optimum (final
volume 300 ul) contained 120 ul of 0.1 M stock solution of
sodium phosphate/citrate bulfer of varying pH values. All
other assay mixture components were dissolved in H,O. The
pH was determined 1n the diluted stock butier solutions at 25°
C. The hexose oxidase showed enzymatic activity from pH 3
to pH 8, but with optimum 1n the range o1 3.5 to 5.3.

1.2.3. K, of the Hexose Oxidase for Glucose and Maltose
Respectively

Kinetic data were fitted to V=V ____S/(Km+S), where 'V,
1s the maximum velocity, S 1s the substrate concentration and
Km 1s the concentration giving 50% of the maximum rate
(Michaelis constant) using the EZ-FIT curve fitting micro-
computer programme (Perrella, F. W., 1988, Analytical Bio-
chemistry, 174:43°7-447).

A typical hyperbolic saturation curve was obtained for the
enzyme activity as a function of glucose and maltose, respec-
tively. K for glucose was calculated to be 2.7 mM=0.7 mM
and fur maltose the K = was found to be 43.7+£5.6 mM.

EXAMPLE 2

Dough Improving Effect of Hexose Oxidase
Extracted from Chondrus crispus

2.1. Purification of Hexose Oxidase from Chondrus crispus

For this experiment, hexose oxidase was prepared 1n the
following manner:

Fresh Chondrus crispus material was collected at the coast
of Brittany, France. The material was freeze-dried and sub-
sequently ground. 40 g of this ground material was suspended
in 1000 ml of 20 mM triethanolamine (TEA) builer, pH 7.3
and left to stand at 5° C. for about 64 hours with gentle
agitation and then centrifuged at 2000xg for 10 minutes. The
supernatant was filtered through GF/A and GF/C glass filters
tollowed by filtering through a 45 um pore size filter to obtain
a filtrate preparation of 800 ml having hexose oxidase activity
corresponding to a glucose oxidase activity of 0.44 units per
g ol preparation. The activity was determined using the below
procedure.

The supernatant was applied onto a 330 ml bed volume
chromatographic column with anionic exchange (Q Sepharose
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Big Beads (dead volume 120 ml). The bound proteins were
cluted over 180 minutes using a gradient from O to 0.5 M
NaCl in 20 mM TEA butfer, pH 7.3 followed by 1 M NaCl in
20 mM TFEA bufler, and fractions of 9 ml were collected and
analyzed for hexose oxidase activity using the below analyti-
cal procedure.

Hexose oxidase activity-containing fractions 60-83 were
pooled (about 250 ml) and concentrated and desalted by
ultrafiltration to about 25 ml. This step was repeated twice on
the retentates to which was added 100 ml 0.05 mM TEA. The
resulting retentate of 25 ml contained 0.95 glucose oxidase
activity units per g.

2.2. Determination of Glucose Oxidase Activity

Definition: 1 glucose oxidase (GOD) umt corresponds to
the amount of enzyme which under the specified conditions
results 1n the conversion of 1 umole glucose per min. The
activity 1s stated as units per g of enzyme preparation.

Reagents: (1) Buifer: 20 g Na,HPO_,-2H,O 1s dissolved 1n
900 ml distilled water, pH 1s adjusted to 6.5; (1) dye reagent
(stock solution): 200 mg of 2,6-dichloro-phenol-indophenol,
Sigma No. D-1878 1s dissolved 1 1000 ml distilled water
under vigorous agitation for 1 hour; (111) peroxidase (stock
solution): Boehringer Mannheim No. 127361, 10,000 units 1s
dissolved 1n 10 ml distilled water and 4.2 g of ammonium
sulphate added; (1v) substrate: 10% w/v D-glucose solution in
butler, (v) standard enzyme: hydrase #1423 from Amano.

Analytical principle and procedure: Glucose 1s converted
to gluconic acid and H,O, which 1s subsequently converted
by peroxidase to H,O and O,. The generated oxygen oxidizes
the blue dye reagent 2,6-dichloro-phenol-indophenol which
thereby changes its colour to purple. The oxidized colour 1s
measured spectrophotometrically at 590 nm and the enzy-
matic activity values calculated relative to a standard.

2.3. The Effect of the Hexose Oxidase Preparation on
Crosslinking between Thiol Groups 1n a Wheat Flour Based
Dough

The effect of hexose oxidase on the formation of thiol

group cross-linking was studied by measuring the content of

free thiol groups 1n a dough prepared from 1500 g of wheat
flour, 400 Brabender Units (BU) of water, 90 g of yeast, 20 g

of sucrose and 20 g of salt to which was added 0, 100, 250, 875
and 1250 units per kg of tlour, respectively of the above
hexose oxidase preparation. The measurement was carried

out essentially in accordance with the colorimetric method of
Ellman (1958) as also described 1n Cereal Chemuistry, 1983,

70, 22-26. This method 1s based on the principle that 5.5'-
dithio-bis(2-nitrobenzoic acid) (DTNB) reacts with thiol
groups 1n the dough to form a highly coloured anion of 2-ni-
tro-5-mercapto-benzoic acid, which 1s measured spectropho-
tometrically at 412 nm.

Assuming that the relative change of the amount of thiol
groups 1n a dough 1s reflected as the change in the optical
density (OD) resulting from the reaction between thiol groups
and DTNB in the dough, the following results were obtained:

Hexose oxidase

GOD units/’kg flour OD,5
0 0.297

100 0.285

250 0.265

R75 0.187

1250 0.138
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Thus, this experiment showed a significant decrease 1n OD
indicating a reduction of the content of free thiol groups
which was proportionate to the amount of hexose oxidase
activity added.

2.4. Improvement of the Rheological Characteristics of °

Dough by the Addition of Hexose Oxidase

The above dough was subjected to extensigraph measure-
ments according to AACC Method 54-10 with and without

the addition of an amount of the hexose oxidase preparation
corresponding to 100 units/kg tlour of hexose oxidase activ-
ity. The dough without addition of enzyme served as a con-
trol.

The principle of the above method 1s that the dough after
forming 1s subjected to a load-extension test after resting at
30° C. for 45,90, 135 and 180 minutes, respectively, using an
extensigraph capable of recording a load-extension curve
(extensigram) which 1s an indication of the doughs resistance
to physical deformation when stretched. From this curve, the
resistance to extension, B (height of curve) and the extensi-
bility, C (total length of curve) can be calculated. The B/C
ratio (D) 1s an indication of the baking strength of the flour
dough.

The results of the experiment 1s summarized 1n Table 2.1
below.

TABLE 2.1

Extensigraph measurements of dough supplemented
with 100 GOD units/kqg flour of hexose oxidase (HOX).

Sample Time, min B C D =B/C
Control 45 230 180 1.3
HOX 45 320 180 1.8
Control 90 290 161 1.8
HOX 90 450 148 3.0
Control 135 290 167 1.7
HOX 135 490 146 34
Control 180 300 168 1.8
HOX 180 500 154 3.2

It 1s apparent from this table that the addition of hexose
oxidase (HOX) has an improving effect on the doughs resis-
tance to extension as indicated by the increase 1n B-values.
This isretlected 1n almost a doubling of the B/Cratio as a clear
indication that the baking strength of the tflour 1s significantly
enhanced by the hexose oxidase addition.

In a similar experiment, 100 umits/kg flour of a commercial
glucose oxidase product was added and the above parameters
measured 1n the same manner using a dough without enzyme
addition as a control. The results of this experiment 1s shown

in Table 2.2 below:

TABLE 2.2

Extensigraph measurements of dough supplemented
with 100 GOD units/kg flour of glucose oxidase (GOX).

Sample Time, min B C D =B/C
Control 45 240 180 1.3
GOX 45 290 170 1.7
Control 90 260 175 1.5
GOX 90 360 156 2.3
Control 135 270 171 1.6
GOX 135 420 141 3.0

When the results for the above two experiments are com-
pared with regard to differences between control dough and
the hexose oxidase or glucose oxidase supplemented doughs
it appeared that hexose oxidase has a stronger strengthening
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eifect than glucose oxidase. Furthermore, the B/C ratio
increased more rapidly with hexose oxidase relative to glu-
cose oxidase which 1s a clear indication that enhancement of

the baking strength i1s being conferred more efficiently by
hexose oxidase than by glucose oxidase.

EXAMPLE 3

Dough Improving Effect of Hexose Oxidase
Extracted from Chondrus crispus

For this experiment fresh Chondrus crispus seaweed fronds
were harvested along the coast of Hirsholmene, Denmark.
Hexose oxidase was 1solated using two different extraction
procedures, and the materials from both were pooled for the
below dough improving experiment.

3.1. Punfication of Hexose Oxidase from Chondrus crispus I

954 g of the fresh fronds was rinsed 1n distilled water, dried
with a towel and stored 1n liquid nitrogen. The seaweed was
blended using a Waring blender and 1908 ml 01 0.1 M sodium
phosphate builer, 1 M Na Cl, pH 6.8 was added to the blended
seaweed. The mixture was extracted under constant stirring,
for 4 days at 5° C., followed by centrifugation of the mixture
at 20,000xg for 30 minutes.

The resulting 1910 ml supernatant (351.1 U/ml) was con-
centrated to 440 ml at 40° C. 1n a Buchi Rotavapor R110. The
concentrate was ammonium sulphate fractionated to 25%
The mixture was stirred for 30 minutes and centrifuged for 20
minutes at 47,000xg. The supernatant (395 ml) was dialysed
overnight against 20 1 of 10 mM triethanolamine (TEA)
butler, pH 7.3 to a final volume of 610 ml (367.1 U/ml).

The above 610 ml was applied 1n two runs to a 2.6x25 cm
column with 130 ml Q-Sepharose FF equilibrated 1n 20 mM
TEA butter, pH 7.3. The column was washed with the equili-
bration butifer and the bound proteins were eluted using 800
ml gra dient from 0 to 0.8 M NaCl in equilibration buffer. The
column was eluted at 4 ml/minute and fractions of 12 ml
collected. Fractions containing the hexose oxidase activity
were collected and pooled to a final volume of 545 ml (241.4
U/ml).

3.2. Purification of Hexose Oxidase from Chondrus crispus 11

1250 g of the fresh fronds was rinsed 1n distilled water,
dried with a towel and stored 1n liquid nitrogen. The seaweed
was blended 1n a Waring blender followed by the addition of
2500 ml 0.1 M sodium phosphate buifer, 1 M NaCl. pH 6.8.
The mixture was extracted under continuous stirring for 4
days at 5° C. followed by centrifugation at 20,000xg for 30
minutes.

The resulting 2200 ml supernatant (332.8 U/ml) was con-
centrated to 445 ml at 40° C. using a Buchi Rotavapor R110.
The resulting concentrate was ammonium sulphate fraction-
ated to 25%. The mixture was stirred for 30 minutes and
centrifuged for 20 minutes at 47,000xg. The precipitate was
discarded. The 380 ml supernatant was dialysed overnight
against 201 10 mM TEA butler, pH 7.3, to a final volume of
850 ml (319.2 U/ml).

The above 850 ml was applied to a 2.6x25 cm column with
130 ml Q-Sepharose FF equilibrated 1n 20 mM TEA buftfer,
pH 7.3.

The column was washed with the equilibration builer and
the bound proteins were eluted using 800 ml gradient from O
to 0.8 M NaCl 1n equilibration buffer. The column was eluted
at 4 ml/minute and fractions of 12 ml collected. Fractions
containing the hexose oxidase activity were collected and
pooled to a final volume of 288 ml.

The retentate from the above step was applied to a 2.6x31
cm column with 185 ml metal chelating sepharose FF loaded

[
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with Ni** and equilibrated in 50 mM sodium phosphate, 1 M
NaCl, pH 7.4. The bound proteins were eluted with a 740 ml
gradient of 0 to 35 mM imidazole, pH 4.7 1n equilibration

butter. The column was eluted at 2 ml/minute and fractions of
11 ml was collected. Fractions 41-54 (140 ml, 352.3 U/ml)

were pooled. Some hexose oxidase did run through the col-
umn.
3.3. Pooling and Concentrating of Extracts

The run through and the 140 ml from purification II and the
545 ml from purification I were pooled to a final volume of
1120 ml (303.6 U/ml). The 1120 ml was rotation evaporated
into a volume of 210 ml followed by dialysis overnight 30
against 20 1 o1 10 mM TEA butfer, pH 7.3, to a final volume
of 207 ml (1200.4 U/ml)
3.3.1. Amion Exchange Step

The retentate resulting from the above step was applied to
a 2.6x25 cm column with 130 ml Q-sepharose FF equili-
brated 1n 20 mM triethanolamine, pH 7.3. The column was
washed with the equilibration buffer and the bound proteins
cluted using 800 ml gradient from O to 0.8 M NaCl 1n equili-
bration buffer. The column was eluted at 4 ml/minute and
fractions of 12 ml collected. Fractions 30-50 containing the
hexose oxidase activity (260 ml, 764.1 U/ml) were collected
and pooled.
3.3.2. Other Enzyme Activity

The above pooled solution was tested for the following
enzymatic side activities catalase, protease, xylanase, o.- and

3-amylase and lipase. None of these activities were found in
the solution.
3.4. Improvement of the Rheological Characteristics of
Dough by the Addition of Hexose Oxidase

A dough was prepared from wheat flour, water and salt and
0, 72, 216 and 360 units per kg of flour, respectively of the
above hexose oxidase preparation was added hereto. The
dough without addition of enzyme served as a control. In
addition two doughs were prepared to which was added 216
and 360 units per kg of flour respectively, of Gluzyme, a
glucose oxidase available from Novo Nordisk A/S. Denmark.

The doughs were subjected to extensigraph measurements
according to a modification of the above AACC Method
54-10. The results of the experiment are summarized 1n Table
3.1 below.

TABLE 3.1

Extensigraph measurements of dough supplemented
with hexose oxidase (HOX) or glucose oxidase (units per kg flour)

Sample Time, Min B C D =B/C
Control 45 250 158 1.6
HOX 72 U/kg 45 330 156 2.1
HOX 216 U/kg 45 460 153 3.0
HOX 360 U/kg 45 580 130 4.5
Gluzyme 72 U/kg 45 350 159 2.2
Gluzyme 216 U/kg 45 340 148 2.3
Gluzyme 360 U/kg 45 480 157 3.1
Control 90 290 164 1.8
HOX 72 U/kg 90 470 145 3.2
HOX 216 U/kg 90 650 142 4.6
HOX 360 U/kg 90 870 116 7.5
Gluzyme 72 U/kg 90 450 147 3.1
Gluzyme 216 U/kg 90 480 138 3.5
Gluzyme 360 U/kg 90 500 152 3.2
Control 135 330 156 2.1
HOX 72 U/kg 135 540 129 4.2
HOX 216 U/kg 135 750 125 6.0
HOX 360 U/kg 135 880 117 7.5
Gluzyme 72 U/kg 135 510 136 3.8
Gluzyme 216 U/kg 135 550 122 4.5
Gluzyme 360 U/kg 135 560 121 4.6

5

10

15

20

25

30

35

40

45

50

55

60

65

22

It1s evident from the above table that the addition of hexose
oxidase (HOX) or glucose oxidase had an improving effect on
the resistance ol doughs to extension as indicated by the
increase in B-values. This 1s reflected 1n an increase of the
B/C ratio as a clear indication that the baking strength of the
flour was enhanced significantly by the addition of enzymes.

It 1s also evident that the hexose oxidase had a higher
strengthening effect than glucose oxidase. Furthermore, the
B/C ratio increased more rapidly with hexose oxidase relative
to glucose oxidase which 1s a clear indication that enhance-

ment of the baking strength i1s being conferred more effi-
ciently by hexose oxidase than by glucose oxidase.

EXAMPLE 4

Dough Improving Effect of Hexose Oxidase
Extracted from Chondrus crispus

4.1. Purification of Hexose Oxidase from Chondrus crispus

Fresh Chondrus crispus fronds were harvested along the
coast of Brittany, France. 2285 g of this fresh matenial was
rinsed 1n distilled water, dried with a towel and stored in liquad
nitrogen. The seaweed was blended 1n a Waring blender fol-
lowed by addition o1 4570 ml 0.1 M sodium phosphate butier,
1 M NaCl pH 6.8. The mixture was extracted under continu-
ous magnetic stirring for 4 days at 5° C. followed by centrifu-
gation at 20,000xg for 30 minutes.

The resulting 4930 ml supernatant (624.4 U/ml) was con-
centrated to 1508 ml at 40° C. using a Buchi Rotavapor R110.
The obtained concentrate was polyethylenglycol fractionated
to 3% (w/v). The mixture was stirred for 30 minutes and
centrifuged for 30 minutes at 47,000xg. The pellet was dis-
carded. The 1470 ml supernatant (2118.7 U/ml) was PEG
fractionated to 24%. The mixture was stirred for 30 minutes
and centrifuged for 30 minutes at 47,000xg. The supernatant

was discarded and the 414.15 g of precipitate was resus-
pended 1n 200 ml 20 mM TEA butter, pH 7.3, followed by

dialysis over night at 5° C. against 201 10 mM TEA buifer, pH
7.3,

After dialysis the volume was 650 ml (2968.6 U/ml). The
suspension was centrifuged for 30 minutes at 20,000xg. The

precipitate was discarded and the supernatant was diluted to
3200 ml with distilled water.

The above 3200 ml (829.9 U/ml) was applied to a 10x14
cm column with 1100 ml Q-Sepharose FF equilibrated 1n 20
mM TEA butler, pH 7.3. The column was washed with the
equilibration buffer and the bound proteins were eluted using
15,000 ml gradient from O to 0.8 M NaCl 1n equilibration
butifer. The column was eluted at 50 ml/minute. Hexose oxi-
dase did run through the column and 840 ml of this was
collected.

The 840 ml suspension was treated with kieselguhr and
concentrated to 335 ml (2693.3 U/ml).

The above 335 ml was applied to a 3 1 Sephadex G25C
desalting column 10x40 cm. The column was equilibrated 1n
20 mM TEA butler, pH 7.3, eluted at a flow rate of 100
ml/minute and 970 ml eluate was collected. This eluate was
applied to a 10x14 cm column with 1100 ml Q-Sepharose FF
equilibrated in 20 mM TEA, pH /7.3. The column was washed
with the equilibration buifer and bound proteins eluted using
a 15,000 ml gradient of O to 0.8 M NaCl 1n equilibration
bufler. The column was eluted at S0 ml/min. Hexose oxidase
did run through the column and 1035 ml of this was collected.

To the above eluate (1035 ml) ammonium sulphate was
added to a final concentration of 2 M. The mixture was then
applied 1n two runs to a 5x10 cm column with 200 ml phenyl
sepharose HP equilibrated 1n 25 mM sodium phosphate
butfer, pH 6.3 and 2 M (NH,),SO,. The column was washed
with equilibration buifer followed by eluting the bound pro-
teins at a flow rate of 50 ml/minute using 5,000 ml gradient
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from 2 M to 0 M (NH,),SO, 1n 25 mM sodium phosphate
butifer. Fractions of 500 and 29 ml, respectively were col-
lected from run 1 and 2. Fraction 5 in run 1 and fractions

2'7-42 1n run 2 containing the hexose oxidase activity were
pooled to a total of 1050 ml (563.9 U/ml).

The above pool was desalted by a 3 1 Sephadex G235C gel

filtration column. The column was equilibrated in 20 mM
TEA butfer, pH 7.3, eluted at a tlow rate of 100 ml/minute and

1,000 ml eluate was collected.

The 1,000 ml eluate was concentrated to 202 ml (2310.2

U/ml) and this preparation was used for following rheology
testing.

4.2. Improvement of the Rheological Characteristics of
Dough by the Addition of Hexose Oxidase

A dough was prepared from wheat flour, water and salt and
0, 288, 504 and 720 oxidoreductase umits per kg of tlour,
respectively of the above hexose oxidase preparation was
added hereto. The dough without addition of enzyme served
as a control. In addition two doughs were prepared to which
was added 288 and 504 oxidoreductase units per kg of flour
respectively, of Gluzyme, a glucose oxidase available from

Novo Nordisk A/S. Denmark.

The doughs were subjected to extensigraph measurements
according to a modification of AACC Method 54-10.

The results of the experiment are summarized 1n Table 4.1
below.

TABLE 4.1

Extensigraph measurements of dough supplemented
with hexose oxidase (HOX) or glucose oxidase (Units per kg flour).

Sample Time, Min B C D =B/C
Control 45 210 171 1.2
HOX 288 U/kg 45 490 139 3.5
HOX 504 U/kg 45 640 122 5.2
HOX 720 U/kg 45 730 109 6.7
Gluzyme 288 U/kg 45 350 165 2.1
Gluzyme 504 U/kg 45 385 133 2.5
Gluzyme 720 U/kg 45 435 148 2.9
Control 90 275 182 1.5
HOX 288 U/kg 90 710 130 5.5
HOX 504 U/kg 90 825 106 7.8
HOX 720 U/kg 90 905 107 8.5
Gluzyme 288 U/kg 90 465 133 3.0
Gluzyme 504 U/kg 90 515 135 3.8
Gluzyme 720 U/kg 90 540 140 3.9
Control 135 280 175 1.6
HOX 288 U/kg 135 745 102 7.3
HOX 504 U/kg 135 920 94 9.8
HOX 720 U/kg 135 — 80 —
Gluzyme 288 U/kg 135 525 129 4.1
Gluzyme 504 U/kg 135 595 129 4.6
Gluzyme 720 U/kg 135 630 121 5.2

It 1s apparent from the above results that the addition of
hexose oxidase (HOX) or glucose oxidase has an improving,
eifect on the resistance of doughs to extension as indicated by
the increase 1n B-values. This 1s reflected 1n an increase of the

B/C ratio.

It 1s also apparent that hexose oxidase has a stronger s
strengthening effect than that of glucose oxidase, the
strengthening effect of both enzymes being proportional to
the amount of enzyme added. Furthermore, the B/C ratio
increased more rapidly with hexose oxidase relative to glu-
cose oxidase which 1s a clear indication that enhancement of
the baking strength 1s being conferred more efficiently by
hexose oxidase than by glucose oxidase.
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EXAMPLE 5

Improving Effect of Hexose Oxidase Extracted from
Chondrus crispus on the Specific Volume of Bread

5.1. Purification of Hexose Oxidase from Chondrus crispus
Fresh Chondrus crispus fronds were harvested along the

coast of Brittany, France. 2191 g of this fresh matenial was

rinsed 1in distilled water, dried with a towel and stored 1n liquid

nitrogen. The seaweed was blended 1n a Waring blender ol
lowed by addition 01 4382 ml1 0.1 M sodium phosphate butier,

1 M NaCl and pH 6.8. The mixture was extracted under
continuously magnetic stirring for 4 days at 5° C. followed by
centrifugation at 20,000xg for 20 minutes.

The resulting 4600 ml supernatant (746.1 U/ml) was con-
centrated to 850 ml at 40° C. in a Buchi Rotavapor R110. This
concentrate (3626.9 U/ml) was polyethylene glycol fraction-
ated to 3% (w/v). The mixture was stirred for 30 minutes and
centrifuged for 30 minutes at 20,000xg. The precipitate was

discarded. The 705 ml supernatant (2489.8 U/ml) was PEG
fractionated to 25%. The mixture was stirred for 30 minutes
and centrifuged for 30 minutes at 20,000xg. The supernatant
was discarded and the 341 g of precipitate was resuspended 1n
225 ml 20 mM TEA buttfer, pH 7.3. The suspension (500 ml)
was desalted ona 3 1Sephadex G25C desalting column 10x40
cm. The column was equilibrated in 20 mM TEA butfer, pH
7.3, and eluted at a flow rate o1 100 ml/minute. 1605 ml eluate
was collected.

To the above eluate (687.5 U/ml) ammomium sulphate was
added to a final concentration of 2M. The mixture was then
applied 1n two runs to a 5x10 cm column with 200 ml phenyl
sepharose HP equilibrated 1n 25 mM sodium phosphate
buiter, pH 6.3 and 2 M (NH,),SO,,. The column was washed
with equilibration buffer followed by elution of the bound

proteins at a flow rate of 50 ml/minute using 5,000 ml gradient
from 2 M to 0 M (NH,),SO, 1n 25 mM sodium phosphate

butlfer. Fractions of 29 ml was collected. Fractions 85-105 in
run 1 and fractions 36-69 in run 2 containing the hexose
activity were pooled to a total of 1485 ml (194.7 U/ml).

The above pool was desalted by a 3 1 Sephadex G25C
gelfiltration column, the same as used 1n 4.1. The column was
equilibrated 1n 20 mM TEA butfer, pH 7.3, and eluted at a
flow rate of 100 ml/minute. 1,200 ml eluate was collected.

The 1,200 ml eluate was concentrated to 685 ml (726.2
U/ml) and used for baking experiments.
5.2. Improvement of the Specific Volume of Bread by Adding
Hexose Oxidase to the Dough

A dough was prepared from 1500 g of flour, 90 g of yeast,
24 g of salt, 24 g of sugar and 400 BU of water and 0 or 108
units of the above purified hexose oxidase and 108 units of
Gluzyme (glucose oxidase available from Novo Nordisk,
Denmark) per kg flour, respectively was added hereto. The
dough was mixed on a Hobart mixer for 2+9 minutes at 26° C.
and divided into two parts followed by resting for 10 minutes
at 30° C. 1n a heating cabinet, moulding with a Fortuna 3/17/7
and proofing for 45 minutes at 34° C. and 85% RH. The thus
proofed dough was baked at 220° C. for 17 minutes with 12
sec. steam 1n a Bago oven.

The results of the experiment are summarized in table 5.1
below.

TABLE 5.1

Improvement of specific volumes of bread prepared from
dough supplemented with hexose oxidase or glucose

60 oxidase (Units per kg flour)

65

Total volume Total weight Specific volume

control 5325 1027 5.18
Hexose oxidase 108 U/kg 6650 1036 6.41
Gluzyme 108 U/kg 6075 1030 5.89
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It1s evident from the above table that the addition of hexose
oxidase or glucose oxidase had an increasing effect on the
total volume, the weight being essentially the same. This 1s
reflected 1n an increase of the specific volume as compared to
the bread baked without addition of enzymes.

It 1s also evident that hexose oxidase has a significantly
larger effect on the increase of the specific volume than had
glucose oxidase at the same dosage.

EXAMPLE 6

Characterization of the Purified Hexose Oxidase

Preparations from the above purifications were used for
characterization of hexose oxidase.
6.1. Staining for Hexose Activity After Non-Denaturing
PAGE

Hexose oxidase activity was analyzed by native PAGE
using precast 8-16% Tris-glycine Novex gels according to the
manufactures instructions (Novex, San Diego, USA). After
clectrophoresis the gels were stained for hexose oxidase
activity by incubation of the gel 1n a solution containing 50
mM sodium phosphate buiter, pH 6.0, 100 mM glucose, 50
mg/l phenazine methosulphate (Sigma P96235) and 250 mg/1
nitroblue tetrazolium (Sigma N6876) as described 1n the PhD
thesis by Witteveen, C. F. B. (1993) “Gluconate formation
and polyol metabolism 1n Aspergillus niger”. After about 30
minutes the hexose oxidase activity was visible as a double
hand very close to each other. The same double band was also
seen when a native PAGE of hexose oxidase was silver
stained. The molecular weight of purified hexose oxidase was
determined to 144 kD by native PAGE. Half the gel was silver

stained, the other half was activity stained. As standards were
used bovine serum albumin (67 kD), lactate dehydrogenase
(140 kD), catalase (232 kD), ferritin (440 kD) and thyroglo-
bulin (669 kD).

6.2 Determination of Molecular Weight by SDS-Page

The molecular weight was also determined on material
which was first applied to a native PAGE as described above,
alter activity staining the hexose oxidase band was excised
from the gel and then electroeluted using an Electro-Eluter
(model 422, Bio-Rad, CA, USA) according to the manufac-
turer’s recommendations. The electroeluted protein was sub-
jected to SDSPAGE and silver stained. This matenal gave
“one” double band at about 70 kDa 1n SDS-PAGE gels. The
clectroeluted hexose oxidase 1s therefore a dimer of two sub-
units.

6.3 Determination of pl of Hexose Oxidase

Samples containing hexose oxidase activity were analyzed
by 1soelectric focusing (IEF) using a precast 3-10 IEF gel
according to the manufacturer’s recommendations (Novex,
San Diego, US). After electrophoresis haltl of the gel was
silver stained and the other half nitroblue tetrazolium stained
as described 1n 6.1.

Hexose oxidase stained as a double band. The pl of the first
band was 4.79, pl of the second band was 4.64. As standards
were used trypsinogen (9.30), lentil lectin basic band (8.65),
lentil lectin middle band (8.45), lentil lectin acid band (8.15),
horse myoglobin acidic band (6.85), human carbonic anhy-
drase B (5.85), p-lactoglobulin A (5.20), soy bean trypsin
inhibitor (4.55) and amyloglucosidase (3.50).

6.4 Determination of Km Hexose Oxidase for Ditferent Sug-
ars

Km of hexose oxidase was determined for 7 different sug-
ars as described 1n 1.2.3. Results are summarized 1n table 6.1
below.
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TABLE 6.1

Determination of Kim of hexose oxidase for different sugars

Substrate Km (mM) cv (mM)
D-glucose 2.7 0.7
D-galactose 3.6 1
cellobiose 20.2 7.8
maltose 43.7 5.6
lactose 90.3 20.6
xylose 102 26
arabinose 531 158

(cv = coeflicient of variation)

6.5 Determination of a Peptide Sequence of Hexose Oxidase

50 ul from the electroeluted mixture 1n 6.2 was suspended
in 450 ul 0.1% tritlouracetic acid (TFA).

To remove the Tris, glycine and SDS, the above mixture
was subjected to chromatography on reverse-phase HPLC.
The resulting solution was applied 1n 9 runs to a 4.6x30 cm
Brownlee C2 column equilibrated 1n 0.1% TFA. The column
was washed 1n equilibration buifer and bound peptides eluted
with a 14 ml gradient from 10 to 80% acetonitrile 1 0.1%
TFA, at a flow rate of 0.7 ml/min. Fractions from the largest
peak contaiming the enzyme were collected and freeze dried.
6.5.1 Endoproteinase Lys-C Digestion

The resulting freeze dried enzyme was dissolved 1n 50 ul 8
M urea, 0.4 M NH, HCO,, pH 8.4. Denaturation and reduc-
tion of the protein was carried out by the addition of 5 ul 45
mM di-thiothreitol and under an overlay of N, at 50° C. for 15
min. The solution was cooled to room temperature and 5 ul
100 mM 1odoacetamide was added, the cysteines being
derivatized for 15 min. at room temperature 1n the dark under
N, . Subsequently, the solution was suspended 1n 135 nl water
and digestion was carried out at 37° C. under N, for 24 hours
by addition of 5 ug endoproteinase Lys-C dissolved i 5 1
water. The reaction was terminated by freezing the reaction
mixture at —20° C.

6.5.2 Reverse-Phase HPLC Separation of Peptides

The resulting peptides were separated by reverse-phase
HPLConaVYDAC c18 column 0.46x15 cm (The Separation
Group, CA, USA) using as solvent A 0.1% TFA 1n water and
as solvent B 0.1% TFA 1n acetonitrile.

6.5.3 Peptide Sequencing

Sequencing was performed on an Applied Biosystems
476 A sequencer (Applied Biosystems, CA, USA) using
pulsed-liquid fast cycles according to the manufacturer’s
instructions. A peptide having the below amino acid sequence

was 1dentified:
DPCYIVIDVNAGTPOKPDP.

EXAMPLES 7 TO 10

Definitions

All PANODAN™ products contain DATEM (Dr1-acetyl
tartaric acid ester ol monoglycerides) and are obtained from
Danisco A/S.

PANODAN™ 521: DATEM containing bacterial xylanase
and fungal amylase

TS-E 662™ (obtained from Damisco A/S) 1s a product
containing hexose oxidase (Hox) (EC1.1.1.5) from Chondrus
chrispus expressed 1n Hansenula polymorpha.

TS-E 680™ (obtained from Damisco A/S) 1s a product
containing fungal xylanase (EC 3.2.1.8) from Aspergillus
niger.

TS-E 861™ (obtained from Damisco A/S) 1s a product
containing fungal xylanase (EC 3.2.1.8) from Aspergillus
niger, lipase (EC 3.1.1.3) from Thermomyces lanuginosa
expressed 1 Aspergillus oryzae, and hexose oxidase (EC
1.1.1.5) from Chondrus crispus expressed in Hansenula poly-
morepha.
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GRINDAMYL™ H 640 (obtained from Danisco A/
contains bacterial xylanase

S):

Grindamyl™ H 121 (obtained from Danisco A/S) 1s a

tfungal xylanase (EC 3.2.1.8) from Aspergillus miger.

Grindamyl™ EXEL 16 (obtained from Danisco A/S) 1s
lipase (EC 3.1.1.3) from Thermomyces lanuginosa expressed

in Aspergillus oryzae.

Grindamyl™ EXEL 66 (obtained from Danisco A/S) 1s a
mixture of lipase (EC 3.1.1.3) from Thermomyces lanuginosa

expressed 1n Aspergillus oryzae and a fungal xylanase (.
3.2.1.8) from Aspergillus niger.

~
5 C
I

Lipopan F™ (Lipopan F BG) (obtained from Novozymes)
1s according to 1ts producer (Novozymes) a purified lipolytic
enzyme from Fusartum oxysporum produced by submerged
fermentation of a genetically modified Aspergillus oryzae
microorganism. According to 1its producer, Lipopan F has
inherent activity toward phospholipids, glycolipids and trig-

lycerides.
Recipes/Procedures

High Volume Tweedy
Recipe

Product Name % Gram ppm

[jsvogel flour 3000
Water 58
Salt 60

Compressed yeast 180
Ascorbic acid 30

Procedure:

Dough temperature: 29° C. (dough temp.-flour temp.+4°

C. water temp.)
Mixing: 55 WH no vacuum
Resting: 5 min. at room temperature

Scaling: 500 g (bread), 1350 g (rolls)
Resting: 5 min. at room temperature

Moulding: Puma I 13 II 18 (bread), Fortuna 3/1°7/7 (rolls),

Glimek (moulding machine) 1:4, 2:3, 3:12, 4:14

Proofing: 70 min. at 43° C., 70% RH. (bread), 50 min. at

34° C., 85% RH. (rolls)

Baking: BAGO, 35 min.+5 min. with the steamer open at

220°C., 12 sec. steam (bread), 17 min. at 220°C., 17 s
steam (rolls)

Turkish Batard

Recipe

Product name % Gram ppm

[jsvogel flour 2000
Water 57,00

Compressed yeast 80
Salt 30

Ascorbic acid 70

Procedure:

CC.

Flour temperature: 15-17° C. (for trials—storage day

betore use at 15° C.)
Mixing: 35 min. After 25 min. acid salt

After 30 min. add yeast
Dough temp.: 23-25° C.

Resting: 30 min. Bulk rest on table (table=22° C. & 80%

RH)
Scaling 300 g. pieces
Rounding: By hand

Resting: 25 min. ontable (table=22° C. & 80% RH). .. start

clock when scaling starts

Molding=Glimek: 1:5, 2:4, 3:15, 4:10 . . . 10 1n innerpos.
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Proofing: 60 min & 90 min. for this trial at 30° C. & 85%

RH
Shock test

Baking: 20 min. 1n Bagol & 25 min. in Bago?2 . . . the last
5 min. 1s with the damper open for both ovens.

Bagol: 250° C. start temp. 5 sec. steam with damper open.
Oventemp. clown to 230° C. at once. Close damper after
11% mun.
Bago2: 275° C. start temp. 8 sec. steam with damper open.
Oven temp. down to 260° C. at once. Close damper after
11% muin.
Crispy Rolls
Recipe:
Product Name % Gram ppm
Danish silver tflour 2000
Water 58/60
Compressed yeast 120
Salt 32
sSugar 32
Ascorbic acid 40
Procedure:
Mixing: Diosna 2+5 min. (depending on flour)
Dough temperature: 26° C.
Scaling: 1350 g
Resting: 10 min. at 30° C. in heating cabinet
Moulding: Fortuna 3/17/7
Proofing: 45 min alternatively 90 min at 34° C., 85% RH.
Baking: 18 min. at 220° C., 8 sec. steam (Bago-oven), 7
sec. steam (Wachtel-oven)
(MIWE program 28) (0.35 liter steam, 15 min. at 2000° C.,
A min. at 2200° C.)
US Toast
Here a sponge as a pre-mix 1s prepared, to all of which 1s
then added the dough.
Recipe
Gr %
US Flour 900.000 g 50.000%
Sponge: Water 900.000 ¢ 50.000%
Dry 23.400 g 1.300%
Yeast
Yeast Food 5400 ¢ 0.300%
Enzyme 0.054 ¢ 0.003%
Complex
ADA 0.036 g 0.002%
US Flour 900.000 ¢ 50.000%
Dough: Water 234,000 g 13.000%
Dry 25.200 g 1.400%
Yeast
Sugar 153.000 g 8.500%
Salt 43,200 ¢ 2.400%
Shortening (fat) 36.000 g 2.000%
Sod.Prop. 8.100 g 0.450%
Dimodan SDM-T (P100/B) 9.000 g 0.500%
Asc. Acid. 0.072 g 0.004%
'— (=7,200 g to
1000 ml.
Take 10 ml.
from the
solution)
Total flour amount: 1.800,000 g.
Datem 22-CA-60 4500 g 0.2500%
S685 300 PPM
Ho640 20 PPM
TS-FE 662 100 PPM
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Care has to be taken with the water amount added from asc.
acid solution and other water based solutions ex.
CNZymes.

The extra added water amount should be be withdrawn
from the water amount on the Dough-side of the recipe.

The enzyme complex 1s a mix of alpha amylase and amy-
loclucosidase.

DIMODAN SDM-T (P100/B) (obtained from Danisco
A/S) 1s a distilled monoglyceride.

Procedure:

For the Sponge:

Water Temp.: 25° C.

Hobart mixer

1 min.
1 muin.
1 min.

Step 1,
Step 2,
Step 3,

Fermentation: 2 h & 15 min. 40° C. & 80% RH (relative
humidity) 45 min. 1n freezer.

For the Dough:
Mix all ingredients together

Diosna-Mixer: Speed 1, 120 secs & Speed 2, 450 secs (or
28 degrees dough temp.)

On table—rest 5 min.
Weigh out the breads at 450 g pr. bread—rest 5 min.

Glimek (moulding machine) adjustments: 1,2, 14, 11—&
9 cm—read on outer position.

Fermentation:

1 h & 10 min. 45 degrees Celsius & 90% RH

Bake-off:

Start temp.=2350 degrees Celsius 1 25 min.

Insert the breads and adjust bake-off temperature to 200
degrees Celsius at once.

Baking Trials

In each tnial the dough characteristic, stickiness and all
over bread score have been evaluated. The dough character-
1stic 1s a total of three difierent parameters: dough extensibil-
ity evaluated just after mixing and again after resting and
stickiness after resting. Each parameter has been evaluated by
bakers on a scale from 1-10, where 10 are the best. The score
in the examples are a total of these ditlerent scores.

Stickiness evaluation has been subjectively evaluated by
bakers just after mixing on a scale from 1 to 10, where 10 1s
the best, meaning non sticky.

uation made on
1 over energy of
on a scale trom

All over bread score 1s a total of an eva.
bread crust, -crumb, possible capping and al

the bread. Again each parameter 1s evaluated
1-10, where 10 1s the best.

EXAMPL.

L1
~

Testing Alternatives 1n Tweedy Bread (UK
Procedure)

The breads were rested for 70 min each and after a tull
proofing, each bread was shock treated in order to evaluate the
shock resistance and thereby the dough stability.

In the baking trials, both pure enzyme solutions and com-
binations of DATUM and enzymes were tested as alternative
to Lipopan F.
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Baking Trials 4969-29

All
over

bread

SCOTIC

Shocked
volume,

ccm/g

Dough

charac-
teristic

Dough
sticki-
ness

Specific
volume,

Test ccm/g

15 4
14 4

29
30

0.4% PANODAN GB
0.2% PANODAN GB,
100 ppm
GRINDAMYL HI121,
100 ppm TS-E 662
100 ppm TS-E 662,
100 ppm
GRINDAMYL HI121,
100 ppm
GRINDAMYL

EXEL 16

40 ppm Lipopan F
0.2% PANODAN GB,
20 ppm Lipopan F

20 ppm Lipopan L,
100 ppm TS-E 662,
100 ppm
GRINDAMYL HI121
40 ppm Lipopan L,
100 ppm TS-E 662,

100 ppm
GRINDAMYL H121

5.6
5.75

4.64
4.92

5.57 4.47 14 4 20

5.7
5.8%

4.6
4.6

13
14

29
27

S

5.05 4.7%8 14 4 29

5.79 4.82 13 4 29

From the results it can be concluded that PANODAN GB

results 1n a better crust of the product and a product.
The combination of PANODAN GB 1n combination with

xylanase and hexose oxidase yields a beneficial effect.

When using DATEM and/or HOX 1n combination with
GRINDAMYL EXEL 66 the volume 1s increased signifi-
cantly and

the crust 1s considerably improved. The test with
0.1% PANODAN GB 100 ppm GRINDAMYL

EXEL 66 and
100 ppm TS-E 662 (HOX), gave a significantly good result at
the same level as 0.4% PANODAN GB. Use of DATE
clearly gives a significantly positive effect on the crust as
compared to pure enzyme solutions.

EXAMPLE 8

Testing Alternatives 1n Turkish Batard

Baking Trials 7258-2

Specific Dough Dough All over
volume, characteristic stickiness bread
Test ccm/g 8 o score™ **
15 ppm Lipopan L, 60 5.01 14 4 33
ppm T'S-E 680
40 ppm Lipopan F 3.78 15 5 32
100 ppm TS-861* 5.03 16 5 44

*A combination of fungal xylanase. 1,3 triglyceride degrading lipase and hexose oxidase.

Both from the specific volume in the table as well as the
pictures shown i FIGS. 1-3 it can be concluded that TS-E
861 performs better.

EXAMPLE 9

Testing Alternatives 1n Crispy Rolls

The rolls were fermented at two different fermentation
times—45 and 90 min 1n order to stress the system and
thereby give a better picture of the dough strengthening effect
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of the products. In general 1t can be said that 90 min of
termentation for a small crispy roll 1s quite long.

Baking Test: 4969-28

Specific Specific Dough All over

volume volume Dough sticki-  bread
45 min, 90 min, characteristic  ness score
Test ccm/g  ccm/g * Sie ol
0.3% PANODAN 7.15 8.48 14 5 25
A2020
30 ppm Lipopan F 0.83 8.1 14 4 26
100 ppm TS-E 662, 6.98 8.98 14 5 27
100 ppm
GRINDAMYL
H121, 100 ppm
GRINDAMYL
EXEL 16

From the results 1t can be seen that use of the combination
of xylanase, 1,3 triglyceride degrading lipase and hexose
ox1idase produces beneficial results.

In short fermentation times (45 min.) at certain concentra-
tions PANODAN A2020 and Lipopan F gave comparable
volume results. However, 0.3% PANODAN A2020 showed

better results with regard to crispiness of the crust and a better

dough stability 1in general. We found that Lipopan F often
gave a slightly more “wet” crust.
Using HOX in combination with GRINDAMYL EXEL 66
and PANODAN 660 results 1n an increase 1n dough stability.
With prolonged fermentation times (90 min.) all buns
become relatively unstable. At some concentrations PAN-

ODAN A2020 does, however, give the best result.

EXAMPL.

(L]

10

Testing Alternatives in US Toast

Test of Lipopan F 1n a US sponge and dough using flour
from Mexico—hard wheat type. The breads have all been
tully proofed and after that each bread have been shock
treated 1n order to evaluate the shock resistance and thereby
the dough stability.

Baking Trals 7230-1:

Speciiic Shocked

Test volume, ccm/g volume, ccm/g
0.5% PANODAN 521 6.88 5.47

10 ppm Lipopan F 6.16 5.36

20 ppm Lipopan F 6.44 5.30

40 ppm Lipopan F 6.28 5.52
0.25% PANODAN 521, 7.15 5.74

20 ppm GRINDAMYL H

640, 100 ppm TS-E 662

From these tests 1t1s clear that the use of Hox results in a far
better dough stability and consequently an increase of vol-
ume.

All publications mentioned 1n the above specification are
herein incorporated by reference. Various modifications and
variations of the described methods and system of the present
invention may be apparent to those skilled in the art without
departing from the scope and spirit of the present invention.
Although the present invention has been described 1n connec-
tion with specific preferred embodiments, 1t should be under-
stood that the invention as claimed should not be unduly
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limited to such specific embodiments. Indeed, various modi-
fications of the described modes for carrying out the invention

which are obvious to those skilled in biochemistry and bio-
technology or related fields are intended to be within the
scope of the claims.

Summary Paragraphs

Some aspects of the present invention are now described by
way of Summary Paragraphs.

1. A method of improving the rheological properties of a
flour dough and the quality of the finished product made from
the dough, comprising adding to the dough ingredients,
dough additives or the dough an effective amount of an oxi-
doreductase which 1s at least capable of oxidizing maltose.

2. A method according to paragraph 1 wherein the oxi-
doreductase 1s hexose oxidase.

3. A method according to paragraph 2 wherein the hexose
oxidase 1s derived from a source selected from an algal spe-
cies, a plant species and a microbial species.

4. A method according to paragraph 3 wherein the hexose
oxidase 1s dertved from Chondrus crispus.

5. A method according to paragraph 2 wherein hexose
oxidase 1s added 1n an amount which 1s 1n the range of 1 to
10,000 units per kg of flour.

6. A method according to paragraph 5 wherein the hexose
oxidase 1s added 1n an amount which 1s 1n the range of 10 to
1000 units per kg of flour.

7. A method according to paragraph 1 or 2 wherein the
resistance to extension of the dough 1n terms of the ratio
between the resistance to extension (height of curve, B) and
the extensibility (length of curve, C), 1.e. the B/C ratio, as
measured by the AACC method 54-10 1s increased by at least
10% relative to that of an otherwise similar dough not con-
taining oxidoreductase.

8. A method according to paragraph 1 wherein the finished
product 1s bread.

9. A method according to paragraph 1 wherein the finished
product 1s a noodle product

10. A method according to paragraph 1 wherein the fin-
1shed product i1s an alimentary paste product.

11. A method according to paragraph 1 wherein atleast one
further enzyme 1s added to the dough ingredients, dough
additives or the dough.

12. A method according to paragraph 11 wherein the fur-
ther enzyme 1s selected from the group consisting of a cellu-
lase, a hemicellulase, a xylanase, a starch degrading enzyme,
a glucose oxidase, a lipase and a protease.

13. A dough improving composition comprising an oxi-
doreductase which is at least capable of oxidising maltose and
at least one further dough ingredient or dough additive.

14. A composition according to paragraph 13 wherein the
oxidoreductase 1s derived from a source selected from an
algal species, a plant species and a microbial species.

15. A composition according to paragraph 14 wherein the
oxidoreductase 1s hexose oxidase.

16. A composition according to paragraph 15 wherein the
hexose oxidase 1s derived from Chondrus crispus.

17. A composition according to paragraph 13 which 1s a
pre-mixture useiul for preparing a baked product or in making
a noodle product or an alimentary paste product.

18. A composition according to paragraph 13 which com-
prises an additive from the group consisting of an emulsifying,
agent and a hydrocolloid.

19. A composition according to paragraph 18 wherein the
hydrocolloid 1s selected from the group consisting of an algi-
nate, a carrageenan, a pectin and a vegetable gum.
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20. A method of preparing a bakery product the method
comprising preparing a flour dough to which 1s added an
elfective amount of an oxidoreductase which i1s at least
capable of oxidising maltose, and baking the dough.

21. A method according to paragraph 20 wherein the spe-
cific volume of the bakery product is increased relative to an
otherwise similar bakery product prepared from a dough not
contaiming oxidoreductase.

22. A method according to paragraph 21 wherein the spe-
cific volume 1s increased by at least 20%.

23. A method according to paragraph 20 wherein at least
one further enzyme 1s added to the dough.

24. A method according to paragraph 20 wherein the fur-
ther enzyme 1s selected from the group consisting of a cellu-
lase, hemicellulase, a xylanase, a starch degrading enzyme, a
glucose oxidase, a lipase and a protease.

25. A method according to paragraph 20 wherein the oxi-
doreductase 1s hexose oxidase.

26. A method of preparing a flour dough-based food prod-
uct, comprising adding to the dough an effective amount of a
maltose oxidising oxidoreductase.

2'7. A method according to paragraph 26 wherein the oxi-
doreductase 1s hexose oxidase.

What 1s claimed 1s:

1. A method of improving the rheological and/or machine-
ability properties of a flour dough and/or the quality of the
product made from the dough, comprising adding to the
dough a combination comprising a hexose oxidase and an
emulsifying agent, wherein the emulsilying agent 1s a lipase.

2. A method according to claim 1 wherein the lipase com-
prises a triacylglycerol lipase, a galactolipase, or a phospho-
lipase.

3. A method according to claim 1 wherein the hexose
oxidase 1s 1solated from a red algae.

4. A method according to claim 1 wherein the flour dough
comprises flour, water and at least one further dough additive
or ingredient.

5. A method according to claim 1 wherein the flour dough
comprises flour, water and at least one further dough additive
or ingredient and wherein the further dough additive or ingre-
dient 1s selected from the group consisting of a vegetable o1l,
a vegetable fat, an animal fat, shortening, buttertat, glycerol,
milk fat and a mixture thereof.

6. A method according to claim 1 wherein the tlour dough
comprises a hard flour.

7. A method according to claim 1 wherein the product is a
bread product.

8. A method according to claam 1 wherein at least one
turther enzyme 1s added to the dough.

9. A method according to claam 1 wherein at least one
turther enzyme 1s added to the dough, and wherein the further
enzyme comprises a Xylanase, a cellulase, a hemicellulase, a
starch degrading enzyme, a protease, a lipoxygenase, an 0xi-
doreductase or a lipase.

10. A dough improving composition comprising a hexose
oxidase and an emulsifying agent, wherein the emulsitying
agent 1s a lipase.

11. A dough improving composition according to claim 10
wherein the lipase comprises a triacylglycerol lipase, a galac-
tolipase, or a phospholipase.

12. A dough improving composition according to claim 10
wherein the lipase comprises a triacylglycerol lipase, a galac-
tolipase, or a phospholipase and wherein the hexose oxidase
1s 1solated from red algae.

13. A dough improving composition according to claim 10
wherein the dough improving composition comprises at least
one further dough additive or ingredient.
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14. A dough improving composition according to claim 10
wherein the dough improving composition comprises at least
one further dough additive or ingredient and wherein the
further dough additive or ingredient comprises a vegetable
o1l, a vegetable fat, an animal fat, shortening, butterfat, glyc-
erol or milk fat.

15. A dough improving composition according to claim 10
wherein the dough improving composition comprises at least
one further dough additive or ingredient and wherein the
turther dough additive or ingredient 1s a hard wheat flour.

16. A method of preparing a bread product comprising
adding a dough improving composition according to claim 10
to dough ingredients, dough additives or a dough and baking
the dough comprising the dough 1improving composition to
obtain the bread product.

17. A dough improving composition according to claim 10
wherein at least one further enzyme 1s added to the dough
Improving composition.

18. A dough improving composition according to claim 9
wherein at least one further enzyme 1s added to the dough
improving composition and wherein the further enzyme com-
prises a Xylanase, a cellulase, a hemicellulase, a starch
degrading enzyme, a protease, a lipoxygenase, an o0OXi-
doreductase or a lipase.

19. A method of improving the rheological and/or
machineability properties of a flour dough comprising adding
to the dough a dough 1improving composition of claim 10.

20. A method of improving the volume or a baked product
made from a flour dough comprising adding to the dough a
dough 1mproving composition of claim 10.

21. A method of mmproving the rheological and/or
machineability properties of a flour dough and/or the quality
of the product made from the dough, comprising adding to the
dough a combination comprising a hexose oxidase and a
triacylglycerol lipase.

22. A method of mmproving the rheological and/or
machineability properties of a flour dough and/or the quality
of the product made from the dough, comprising adding to the
dough a combination comprising a hexose oxidase and a
galactolipase.

23. A method of improving the rheological and/or
machineability properties of a flour dough and/or the quality
of the product made from the dough, comprising adding to the
dough a combination comprising a hexose oxidase and a
phospholipase.

24. A method according to claim 1 wherein at least one
turther enzyme 1s added to the dough and wherein the further
enzyme comprises a Xxylanase, an amylase or a mixture of a
xylanase and an amylase.

25. A dough improving composition according to claim 1
wherein the hexose oxidase 1s 1solated from red algae and
wherein the red algae comprises Iridophycus tlaccidum,
Chondrus crispus, or Euthora cristata.

26. A dough improving composition of claim 10 wherein at
least one further enzyme 1s added to the dough improving
composition and wherein the further enzyme comprises a
xylanase, an amylase or a mixture ol a xylanase and an
amylase.

27. A method according to claim 1, wherein the hexose
oxidase 1s 1solated from a red algae and wherein the red algae
comprises Iridophycus flaccidum, Chondrus crispus or
Euthora cristata.

28. A method of mmproving the rheological and/or
machineability properties of a flour dough and/or the quality
of the product made from the dough, comprising adding to the
dough a combination comprising a hexose oxidase and an
emulsifying agent; wherein said tlour dough comprises tlour,
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water and at least one further dough additive or ingredient;
wherein said further dough additive or ingredient 1s selected
from the group consisting of a vegetable o1l, a vegetable fat,
an animal fat, shortening, butterfat, glycerol, milk fat and a
mixture thereol and wherein said further dough additive or
ingredient 1s present 1n an amount from 1 to 5% by the weight
of the flour component of the dough.

29. A method according to claim 28 wherein the emulsify-
ing agent 1s a lipase.

30. A method according to claim 28 wherein the emulsify-
ing agent 1s a lipase and wherein the lipase comprises a
triacylglycerol lipase, a galactolipase, or a phospholipase.

31. A method according to claim 28 wherein the hexose
oxidase 1s 1solated from red algae.

32. A method according to claim 28 wherein the flour
dough comprises at least one further dough additive or ingre-
dient.

33. A method according to claim 28 wherein the flour
dough comprises at least one further dough additive or ingre-
dient and wherein the further dough additive or ingredient 1s
a hard tlour.

34. A method according to claim 28 wherein the product 1s
a bread product.

35. A method according to claim 28 wherein at least one
turther enzyme 1s added to the dough.

36. A method according to claim 28 wherein at least one
turther enzyme 1s added to the dough and wherein the further
enzyme 1s selected from the group consisting of a xylanase, a
cellulase, a hemicellulase, a starch degrading enzyme, a pro-
tease, a lipoxygenase, an oxidoreductase, a lipase and a mix-
ture thereof.

37. A dough comprising a dough improving composition
wherein said dough improving composition comprises a hex-
ose oxidase, an emulsilying agent and a further dough addi-
tive or mgredient; wherein said dough comprises flour and
water; wherein said further dough additive or ingredient 1s
selected from the group consisting of a vegetable oil, a veg-
ctable fat, an animal fat, shortening, butterfat, glycerol, milk
fat and a mixture thereol and wherein said further dough
additive or ingredient 1s present 1n an amount of from 1 to 5%
by weight of the flour component of the dough.

38. A dough according to claim 37 wherein the emulsifying,
agent 1s a lipase.

39. A dough according to claim 37 wherein the emulsifying,
agent 1s a lipase and wherein the lipase comprises a triacylg-
lycerol lipase, a galactolipase, or a phospholipase.

40. A dough according to claim 37 wherein the hexose
oxidase 1s 1solated from red algae.
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41. A dough according to claim 37 wherein the dough
improving composition comprises at least one turther dough
additive or mngredient.

42. A dough according to claim 37 wherein the dough
improving composition comprises at least one further dough
additive or ingredient and wherein the further dough additive
or ingredient 1s a hard wheat tlour.

43. A dough according to claim 37 wherein at least one
further enzyme 1s added to the dough ingredients, dough
additives or the dough.

44. A dough according to claim 37 wherein at least one
further enzyme 1s added to the dough ingredients, dough
additives or the dough and wherein the further enzyme 1s
selected from the group consisting of a xylanase, an amylase,
a cellulase, a hemicellulase, a starch degrading enzyme, a
protease, a lipoxygenase, an oxidoreductase, a lipase, and a
mixture thereof.

45. A dough according to claim 37 wherein at least one
further enzyme 1s added to the dough ingredients, dough
additives or the dough and wherein the further enzyme
includes a xylanase, an amylase or a mixture thereof.

46. A method for improving a flour dough or the quality of
a product made from dough, said method comprising adding
to the dough a combination comprising a hexose oxidase
isolated from a ved algae and an emulsifving agent.

47. The method of claim 46 wherein the ved algae is Irido-

phycus flaccidum.

48. The method of claim 46 wherein the red algae is Chon-

drus crispus.
49. The method of claim 46 wherein the ved algae is

Futhora cristata.

50. A dough improving composition comprising a hexose
oxidase isolated from a red algae and an emulsifying agent.

51. The dough improving composition of claim 50 wherein
the red algae is Iridophyvcus flaccidum.

52. The dough improving composition of claim 50 wherein
the red algae is Chondrus crispus.

53. The dough improving composition of claim 50 wherein
the red algae is Euthora cristata.

54. A method for improving a flour dough or the guality of
a product made from dough, said method comprising adding
to the dough a combination comprising a hexose oxidase and
an emulsifying agent comprising an enzyme.

55. The method of claim 54 wherein the enzyme is a lipase.

56. A dough improving composition comprising a hexose
oxidase and an emulsifving agent comprising an enzyme.
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