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A BREWING METHOD

REFERENCE TO SEQUENCE LISTING
This application contains a Sequence Listing in computer readable form. The computer reada-

ble form is incorporated herein by reference.

FIELD OF THE INVENTION

This application is related to a method of brewing wherein a thermostable protease is used for
managing the colloidal stability of beverages. The proteases may be obtainable from Nocar-
diopsis, Bacillus, or Thermoascus. The protease is added either to the mash during lautering

and/or to the wort after lautering but before wort boiling.

BACKGROUND OF THE INVENTION

Many beverages like beer, wine, juice etc develop precipitates during manufacture or upon
storage. This phenomenon is described as haze formation. Haze formation is generally believed
to be due to interaction of proteins and polyphenols present in the beverage. This interaction
leads to the formation of insoluble or semi-soluble suspension of colloidal particles. Since haze
formation generally resembles cloudiness produced by microbial contamination, it is generally
preferred that the beverages, particularly beer, are very clear and transparent even upon long
storage. Hence processes have been developed to reduce such haze formation. These proc-

esses target either the proteins or the polyphenols or both.

Silica gels, Bentonite, Poly Vinyl Poly Pyrrolidone (PVPP) etc have been used to adsorb pro-
teins and polyphenols, decreasing haze formation and improving colloidal stability. However
such materials, when used repeatedly result in diminishing returns and consequently lead to
increased costs. Moreover, they also remove other desirable compounds from the beverage,

which may affect its quality.

Enzymes, particularly proteases, are also used during fermentation to improve the colloidal sta-
bility of beverages, particularly beer. Traditionally, proteases like papain and bromelain have
been used to reduce chill haze formation. However these proteases are non specific and have
been shown to affect the foam stability of the beverage by hydrolysing the proteins responsible
for foam formation. Moreover these also cause flavour changes in the beverage. Another ap-
proach has been by the use of specific proteases that hydrolyse only the hydrophilic haze form-
ing proteins but not the hydrophobic foam forming proteins. For example, a prolyl specific endo-
protease is known which specifically hydrolyses the haze forming proteins thus improving colloi-

dal stability and retaining foam stability. Use of proteases during fermentation might retain their
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activity in the final beer which is generally undesirable. Inactivation by pasteurization can fur-

thermore lead to a burned flavour in the beer.

There still exists a need for improved processes for colloidal stabilization of beverages, espe-

cially beer.

SUMMARY OF THE INVENTION
In one aspect, the invention relates to a method of brewing a beer comprising contacting a
mash during lautering and/or a wort after lautering but before wort boiling with a thermostable

protease.

In one aspect, the protease is obtainable from Nocardiopsis, Thermoascus or Bacillus.

In one aspect, the invention relates to a method of brewing a beer comprising contacting a
mash during lautering and/or a wort after lautering but before wort boiling with a protease which
comprises an amino acid sequence corresponding to Seq ID No 1, 2, or 3 and variants thereof
which have at least 70% identity to Seq ID No 1, 2, or 3.

In one aspect, the method leads to a reduction in haze in the beer product.

In one aspect, the invention relates to a method of brewing a beer comprising contacting a
mash during lautering and/or a wort after lautering but before wort boiling with a thermostable
protease whereby the colloidal stability is increased when compared to beer brewed in a con-

ventional way.

In one aspect, the contacting is done during sparging.

In one aspect, the contacting is done after lautering.

In one aspect, the contacting is done at a temperature of at least 60 degrees centigrade (herein
after referred to as °C). In another aspect, the temperature is at least 70°C. In yet another as-
pect, the temperature is at least 74°C, more preferably at least 75°C, more preferably at least

76°C, more preferably at least 77°C and most preferably at least 78°C.

In one aspect, the contacting is done for a period between 10 minutes (here in after referred to
as min) and 5 hours, preferably, the contacting is between 20 min and 3 hours, more preferably

between 30 min and 2 hours and most preferably between 30 min and 1 hour.
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BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 shows the haze measurement in wort and beer received from a mash treated with a pro-
tease of Seq ID No 1 against untreated mash (control). The Y axis denotes the values in
Nephelometric Turbidity Units (NTU).

DETAILED DESCRIPTION OF THE INVENTION

The process of beer-brewing is well known to the person skilled in the art. A conventional pro-
cedure may be outlined in the following way: The starting material is malted (i.e. dampened,
germinated and subsequently dried) barley and/or unmalted adjuncts, called the grist. During
the mashing, where the grist is grounded and mixed with water, heated and stirred, the carbo-
hydrates are degraded to fermentable sugars by the aid of the enzymes naturally present in the
malt. After mashing, it is necessary to separate the liquid extract (the wort) from the solids
(spent grain particles and adjuncts) in order to get clear wort. This process is described as lau-
tering. Prior to lautering, the mash temperature may be raised to about 75-78°C (165-173°F)
(known as a mashout). Wort filtration is important because the solids are enriched in large
amounts of protein, poorly modified starch, fatty material, silicates, and polyphenols (tannins)
and proteins. The extract retained in the spent grain after collection of the first wort may also be
washed out by adding hot water on top of the lauter cake. This process is called sparging. The
hot water flows through the spent grain and dissolves the remaining extract. The diluted wort is
called second wort and its extract decreases from the original gravity of the first wort down to 1-
2 %. After addition of hops, the wort is boiled. Hereby numerous substances including several
proteins are denatured and a precipitation of polyphenols will take place. After cooling and re-
moval of precipitates, the finished beer wort (a) is aerated and yeast is added. After a main fer-
mentation, lasting typically 5-10 days, most of the yeast is removed and the so called green
beer (b) is stored at a low temperature, typically at 0 - 5°C for one to 12 weeks. During this pe-
riod the remaining yeast will precipitate together with polyphenols. To remove the remaining
excess polyphenols a filtration is performed. The fermented beer (c) may now be carbonized
prior to bottling. Carbon dioxide not only contributes to the perceived "fullness" or "body" and as
a flavor enhancer, it also acts as to enhance foaming potential and plays an important role in

extending the shelf life of the product.

The term "beer" as used herein is intended to cover at least beer prepared from mashes pre-
pared from unmalted cereals as well as all mashes prepared from malted cereals, and all
mashes prepared from a mixture of malted and unmalted cereals. The term "beer" also covers

beers prepared with adjuncts, and beers with all possible alcohol contents.

Without being bound by theory, it is believed that the interaction between proteins and polyphe-

nols in beer stored at low temperatures or for a long time, lead to development of aggregates
3
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which are referred to as haze. Since the formation of haze affects the quality (also called as col-
loidal stability) of the beer, methods have been developed which prevents such haze formation.
During the process of brewing, a majority of the protein-polyphenol complexes are precipitated
out by cooling the liquid during beer maturation. Any remaining polyphenols and/or proteins are

removed using PVPP, silica gel, bentonite etc.

According to this invention, colloidal stability of a beer is defined as the amount of warm cycles
before the colloidal instability measured in EBC units becomes greater than 2. One warm cycle
corresponds to approximately 25 days of shelf-life (MEBAK 2.15.2.1, Fociertmethode, Voraus-
bestimmung der chemisch-physikalischen stabilitat, Methodensamlung der Mitteleuropaischen
Brautechniche Analysekommission (MEBAK), Selbstverlag der MEBAK, Freising Weihen-
stephan).

Haze is also referred to as "cloudiness" or "turbidity” or “colloidal instability” in the art and hence

can be used interchangeably.

Another method of reducing haze formation is by the use of proteases.

Proteases like papain, having broad spectrum activity, are used to cleave the proteins, possibly
yielding lower and/or more soluble protein-polyphenol aggregates. However the use of these
enzymes also affects the proteins involved in foam stability, thus affecting the quality of the final

product.

Specific proteases like prolyl specific proteases or alanine specific proteases are also known
which are hypothesised to act preferentially on haze active proteins and not on foam active pro-

teins, thus preserving foam stability of the final product.

It is preferred that the final product is free from activity of external added enzymes. So enzymes,
like the above proteases, are conventionally added to the mash (water + grist) during the proc-
ess of mashing. Thus they are active during mashing and are inactivated or degraded during

lautering and wort boiling.

The inventors have surprisingly found that addition of a protease to a mash during lautering
and/or to a wort after the lautering step but before the wort boiling step leads to a good colloidal

stabilization.

Surprisingly the inventors have found that proteases which either do not show any effect, or a
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direct negative effect on colloidal stabilisation when added in the beginning of mashing actually
show very good increase in colloidal stability of beer when added during and/or after lautering.
Lack of effect when the enzyme are added in mashing could have several reasons one being
that the proteases are inhibited in the mash. The inventors have found that the negative effect
of an protease added in mashing while being positive when added later in the process is related
to the ability of the protease to release protein based matter into the wort when added early in
the process which results in a negative impact on the colloidal stability even though the enzyme
is capable of degrading the colloidal forming protein. The inventors have found that this can be
avoided if the protease is added after lautering or sufficiently late in the process to limit the re-
lease of protein material into the wort, e.g. during lautering more specifically during sparging.
Surprisingly the inventors have seen that the released amount of protein has to be kept to less
than a 10% increase in the protein level measured by Kjehldal, preferably to less than 9 %,
more preferably to less than 8%, more preferably to less than 7%, more preferably to less than

6%, and most preferably to less than 5%.

Surprisingly, the inventors have found that the amount of released protein in around MW of
10.000 KD (band 4-6) are kept at a relatively low level.

Surprisingly, it was also found that a protease which is not considered to be specific for action
on haze active proteins and thereby not with low activity on foam active proteins not only can
provide a good colloidal stabilization but also without any or only with a slight negative effect on
the foam stability of the beer, when it is added to a mash during lautering and/or to a wort after

lautering but before wort boiling.

Surprisingly, the inventors have found that proteases which are also thermostable provide good
colloidal stabilization when added to a mash during lautering and/or to a wort after lautering but

before wort boiling.

Surprisingly, the colloidal stabilization effect of the protease(s) applied to wort after lautering
could be obtained within 2 hours which is much shorter than the several days when applied in

fermentation.

The inventors have surprisingly found that thermostable proteases have very good colloidal sta-
bilization activity when added to the mash during lautering and/or to the wort after lautering but

before wort boiling.

The inventors have also found that use of a protease that substantially retains its activity during
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and/or after lautering in brewing surprisingly leads to increased colloidal stability of the beer.

Thus the invention in one aspect, relates to a method of brewing a beer comprising contacting a
mash during lautering and/or a wort after lautering but before wort boiling with a protease ob-
tainable from Nocardiopsis, Bacillus or Thermoascus.

L]

The terms “mash”, “lautering” and “wort” have the conventional meaning in the art.

Proteases are known in the art. They are polypeptides having protease activity and are also re-
ferred to as peptidases, proteinases, peptide hydrolases, or proteolytic enzymes. Proteases
may be of the exo-type that hydrolyses peptides starting at either end thereof, or of the endo-
type that act internally in polypeptide chains (endopeptidases). Endopeptidases show activity on
N- and C-terminally blocked peptide substrates that are relevant for the specificity of the prote-
ase in question. The term "protease" is defined herein as an enzyme that hydrolyses peptide
bonds. It includes any enzyme belonging to the EC 3.4 enzyme group (including each of the
thirteen subclasses thereof). The EC number refers to Enzyme Nomenclature 1992 from NC-
IUBMB, Academic Press, San Diego, Calif., including supplements 1 5 published in Eur. J. Bio-
chem. 1994, 223,1 5; Eur. J. Biochem. 1995, 232, 1 6; Eur. J. Biochem. 1996, 237, 1 5; Eur. J.
Biochem. 1997, 250, 1 6; and Eur. J. Biochem. 1999, 264, 610 650; respectively. The nomen-
clature is regularly supplemented and updated; see e.g. the World Wide Web (WWW) at

www.chem.gmw.ac.uk/iubmb/enzyme/index.html.

Proteases are classified on the basis of their catalytic mechanism into the following groups: Ser-
ine proteases (S), Cysteine proteases (C), Aspartic proteases (A), Metallo proteases (M), and
Unknown, or as yet unclassified, proteases (U), see Handbook of Proteolytic Enzymes, A. J.
Barrett, N. D. Rawlings, J. F. Woessner (eds), Academic Press (1998), in particular the general

introduction part.

Protease activity can be measured using any assay, in which a substrate is employed, that in-
cludes peptide bonds relevant for the specificity of the protease in question. Assay-pH and as-
say-temperature are likewise to be adapted to the protease in question. Examples of assay-pH-
values are pH 2, 3,4, 5,6, 7, 8,9, 10, 11, or 12. Examples of assay-temperatures are 30, 35,
37, 40, 45, 50, 55, 60, 65, 70, 80, 90, or 95 C. Examples of protease substrates include but not

limited to casein, such as Azurine-Crosslinked Casein (AZCL-casein) and Protazyme AK.

There are no limitations on the origin of the protease of the invention and/or for use according to

the invention. Thus, the term protease includes not only natural or wild-type proteases obtained
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from microorganisms of any genus, but also any mutants, variants, fragments etc. thereof exhib-
iting protease activity, as well as synthetic proteases, such as shuffled proteases, and consen-
sus proteases. Such genetically engineered proteases can be prepared as is generally known in
the art, e.g. by Site-directed Mutagenesis, by PCR (using a PCR fragment containing the de-
sired mutation as one of the primers in the PCR reactions), or by Random Mutagenesis. The
preparation of consensus proteins is described in e.g. EP 897985. Gene shuffling is generally
described in e.g. WO 95/22625 and WO 96/00343. Recombination of protease genes can be
made independently of the specific sequence of the parents by synthetic shuffling as described
in Ness, J. E. et al, in Nature Biotechnology, Vol. 20 (12), pp. 1251 1255, 2002. Synthetic oli-
gonucleotides degenerated in their DNA sequence to provide the possibility of all amino acids
found in the set of parent proteases are designed and the genes assembled according to the
reference. The shuffling can be carried out for the full length sequence or for only part of the se-

quence and then later combined with the rest of the gene to give a full length sequence.

In one aspect, the protease is obtainable from Nocardiopsis.

Nocardiposis has been described by Meyer in 1976 (Meyer, 1976, Int J Syst Bacteriol, 26, 487-
493). Nocardiopsis dassonvillei is one of the species of this genus and is variously called as
Nocardiopsis dassonvillei subsp. dassonvillei, Nocardiopsis antarctica or even Streptomyces
flavidofuscus. Preferably, the protease is obtainable from the genus Nocardiopsis, more pref-
erably Nocardiopsis dassonvillei, Nocardiopsis alba, or Nocardiopsis antarctica, more preferably

Nocardiopsis dassonvillei subsp. dassonvillei.

In another aspect, the protease is obtainable from Bacillus or Thermoascus. Proteases obtain-
able from Bacillus are well known in the art. Proteases obtainable from Thermoascus are de-
scribed in WO 03/048353.

The term "obtainable from" as used herein in connection with a given source shall mean that the
polypeptide encoded by the nucleic acid sequence is produced by the source or by a recombi-
nant cell (also called a host cell) in which the nucleic acid sequence from the source is present.
In a preferred embodiment, the polypeptide is secreted extracellularly. Depending upon the host
employed in a recombinant production procedure, the proteases of the present invention may
be glycosylated or may be non-glycosylated. In addition, the proteases of the invention may
also include an initial modified methionine residue, in some cases as a result of host-mediated

processes.

The host cells may be a unicellular microorganism, e.g., a prokaryote, or a non-unicellular mi-

croorganism, e.g., a eukaryote.
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Useful host cells are bacterial cells such as gram positive bacteria including, but not limited to, a
Bacillus cell, or a Streptomyces cell, or cells of lactic acid bacteria; or gram negative bacteria
such as E. coli and Pseudomonas sp. Lactic acid bacteria include, but are not limited to, spe-
cies of the genera Lactococcus, Lactobacillus, Leuconostoc, Streptococcus, Pediococcus, and

Enterococcus

Other host cells can be fungal cells (including the phyla Ascomycota, Basidiomycota, Chytridio-
mycota, and Zygomycota (as defined by Hawksworth et al., In, Ainsworth and Bisby's Dictionary
of The Fungi, 8th edition, 1995, CAB International, University Press, Cambridge, UK) as well as
the Oomycota (as cited in Hawksworth et al., 1995, supra, page 171) and all mitosporic fungi

(Hawksworth et al., 1995, supra).

In one aspect, the fungal host cell is a yeast cell. "Yeast" as used herein includes ascosporoge-
nous yeast (Endomycetales), basidiosporogenous yeast, and yeast belonging to the Fungi Im-
perfecti (Blastomycetes). Since the classification of yeast may change in the future, for the pur-
poses of this invention, yeast shall be defined as described in Biology and Activities of Yeast
(Skinner, F. A., Passmore, S. M., and Davenport, R. R., eds, Soc. App. Bacteriol. Symposium
Series No. 9, 1980). The yeast host cell may be a Candida, Hansenula, Kluyveromyces, Pichia,

Saccharomyces, Schizosaccharomyces, or Yarrowia cell.

The fungal host cell may be a filamentous fungal cell. "Filamentous fungi" include all filamentous
forms of the subdivision Eumycota and Oomycota (as defined by Hawksworth et al., 1995, su-
pra). The filamentous fungi are characterized by a mycelial wall composed of chitin, cellulose,
glucan, chitosan, mannan, and other complex polysaccharides. Vegetative growth is by hyphal
elongation and carbon catabolism is obligately aerobic. In contrast, vegetative growth by yeasts
such as Saccharomyces cerevisiae is by budding of a unicellular thallus and carbon catabolism

may be fermentative.

Examples of filamentous fungal host cells are cells of species of, but not limited to, Acremo-
nium, Aspergillus, Fusarium, Humicola, Mucor, Myceliophthora, Neurospora, Penicillium, Thie-

lavia, Tolypocladium, or Trichoderma.

In the production methods of the present invention, the cells are cultivated in a nutrient medium
suitable for production of the protease using methods known in the art. For example, the cell
may be cultivated by shake flask cultivation, small-scale or large-scale fermentation (including
continuous, batch, fed-batch, or solid state fermentations) in laboratory or industrial fermentors
performed in a suitable medium and under conditions allowing the polypeptide to be expressed
and/or isolated. The cultivation takes place in a suitable nutrient medium comprising carbon and

nitrogen sources and inorganic salts, using procedures known in the art. Suitable media are
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available from commercial suppliers or may be prepared according to published compositions
(e.g., in catalogues of the American Type Culture Collection). If the protease is secreted into the
nutrient medium, the same can be recovered directly from the medium. If the protease is not

secreted, it can be recovered from cell lysates.

The resulting protease may be recovered by methods known in the art. For example, the prote-
ase may be recovered from the nutrient medium by conventional procedures including, but not

limited to, centrifugation, filtration, extraction, spray-drying, evaporation, or precipitation.

The proteases of the present invention may be purified by a variety of procedures known in the
art including, but not limited to, chromatography (e.g., ion exchange, affinity, hydrophobic,
chromatofocusing, and size exclusion), electrophoretic procedures (e.g., preparative isoelectric
focusing), differential solubility (e.g., ammonium sulfate precipitation), SDS-PAGE, or extraction
(see, e.g., Protein Purification, J.-C. Janson and Lars Ryden, editors, VCH Publishers, New
York, 1989).

In one aspect, the protease comprises an amino acid sequence corresponding to Seq ID No 1

and variants there of which have at least 70% identity to Seq ID No 1.

In another aspect, the protease comprises and amino acid sequence corresponding to Seq ID
No 2 or 3 and variants there of which have at least 70% identities to the corresponding parent

sequence.

The term "variant" is intended to indicate a polypeptide which is derived from Seq ID No 1 or 2
or 3 and which has a protease activity. Typically, the variants differ from the parent protease (in
this case, proteases having Seq ID NO 1 or 2 or 3 ) by one or more amino acid residues, which,
for instance, may have been added or deleted from either or both of the N-terminal or C-terminal
end of the protease, inserted or deleted at one or more sites within the amino acid sequence of
the protease, or substituted for one or more amino acid residues within, or at either or both ends
of the amino acid sequence of the parent protease. Variants can be both naturally occurring (for
example, variants of polypeptides encoded by an allelic variant of a gene which is any of two or
more alternative forms of a gene occupying the same chromosomal locus) or created artificially

by many techniques known in the art (eg. PCR)

A protease according to the present invention comprises an amino acid sequence which has a
degree of identity to the mature peptide part of SEQ ID NO: 1 or 2 or 3 , for example, at least
about 70%. In particular embodiments, the degree of identity to SEQ ID NO: 1 or2 or3 or4 is at

9
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least about 72%, 74%, 76%, 78%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or at least 99%.
For the purposes of the present invention, the degree of identity between two amino acid se-
guences, is determined by the program "align" which is a Needleman-Wunsch alignment (i.e. a
global alignment). The program is used for alignment of polypeptide, as well as nucleotide se-
quences. The default scoring matrix BLOSUMS50 is used, with a penalty for the first residue of a

gap being -12 and the penalties for further residues of a gap being -2.

"Align" is part of the FASTA package version v20u6 (see W. R. Pearson and D. J. Lipman
(1988), "Improved Tools for Biological Sequence Analysis", PNAS 85:2444 2448, and W. R.
Pearson (1990) "Rapid and Sensitive Sequence Comparison with FASTP and FASTA," Meth-
ods in Enzymology 183:63 98). FASTA protein alignments use the Smith-Waterman algorithm
with no limitation on gap size (see "Smith-Waterman algorithm", T. F. Smith and M. S. Water-
man (1981) J. Mol. Biol. 147:195 197).

The degree of identity between two amino acid sequences may also be determined by the
Clustal method (Higgins, 1989, CABIOS 5: 151 153) using the LASERGENE.TM.
MEGALIGN.TM. software (DNASTAR, Inc., Madison, Wis.) with an identity table and the follow-
ing multiple alignment parameters: Gap penalty of 10, and gap length penalty of 10. Pairwise

alignment parameters are Ktuple=1, gap penalty=3, windows=5, and diagonals=5.

In one aspect, the contacting of the protease with the wort is done after lautering.

The temperature at lautering is typically around 78 °C, it might therefore be needed to reduce
the temperature after lautering to allow for the enzyme to work, reducing the temperature adds
cost to the brewing process and it is therefore advantageous to reduce the temperature as little

as possible and preferably not at all.

The temperature at which the enzyme is applied is preferably at least 60°C, more preferably at
least 70°C, more preferably at least 72°C, more preferably at least 74°C, more preferably at
least 75°C, more preferably at least 76°C, more preferably at least 77°C, and even more pref-
erably at least 78°C.

In one aspect, the protease is a thermostable protease. Thermostability is a measure of an en-
zyme’s ability to retain its activity at a higher temperature. For purposes of this invention the
thermostability of a protease is measured using an assay on a protease substrate on which the

protease is active, such as for example Protazyme AK ®, as described in example 3.
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In one aspect the protease retains at least 70% activity, such as at least 75%, such as least
76%, such as at least 77%, such as at least 78%, such as at least 79%, such as at least 80%,
such as at least 81%, such as at least 82%, such as at least 83%, such as at least 84%, such
as at least 85%, such as at least 86%, such as at least 87%, such as at least 88%, such as at
least 89%, such as at least 90%, such as at least 91%, such as at least 92%, such as at least
93%, such as at least 94%, such as at least 95%, such as at least 96%, such as at least 97%,
such as at least 98%, such as at least 99% after incubation for 10 minutes at 70°C pH 5.5 using

the buffer system described in example 3.

In one aspect, the thermostability can also be measured after incubation at 70°C for a longer
time period such as for example 60 minutes using the assay described in example 3. In such
cases, the protease retains at least 20% activity, such as at least 25%, such as at least 30%,
such as at least 35%, such as at least 40%, such as at least 45%,such as at least 50%, such as
at least 55%, such as at least 60%, such as at least 65%, such as at least 70%, such as at least
75%, such as at least 80%, such as at least 85%, such as at least 90%, such as at least 95%,
such as at least 97%, such as at least 99% of its activity pH 5.5 using the buffer system de-

scribed in ex 3.

In one aspect, the contacting is done for a period between 10 min and 5 hours, preferably be-
tween 20 min and 3 hours, more preferably between 30 min and 2 hours and most preferably

between 30 min and 1 hour.

In one aspect, the method of the invention leads to a reduction in haze, when compared to a

beer brewed in a conventional way.

To quantify the amount of haze in a beverage, a turbidimeter also called hazemeter is often
used. In a turbidimeter the amount of light is measured that is scattered at a pre-described an-
gle relative to the direction of the incident light beam. Turbidity measurements are very suitable

for the measurement of haze formed as the result of protein-polyphenol interactions.

A “beer brewed in conventional way” is defined as a beer that has been made by a brewing

method wherein the protease is added to the mash during the mashing stage.

In another aspect, the method of the invention leads to a decreased use of the processing aids

used during brewing and storage to reduce the haze formation.
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A “processing aid” is an agent that is used during brewing and/or storage to reduce the haze

formation. The processing aids include but are not limited to silica gel, PVPP, bentonite etc.

In one aspect, the decrease is 100 percent, meaning no processing agents are used.
In another aspect, the beer is produced without filtration on silica and preferably without filtration
on silica and PVPP.

In one aspect, the method of the invention leads to a beer that has foam stability either equal to

or greater than a beer brewed in a conventional way.

Foam is formed by the carbon dioxide released due to release of pressure during dispensing of
beer. The foam is made stable due to the presence of surface active agents like foam active
proteins which collect on the bubble surface and form an elastic skin around the gas bubble.
Foam stability of a beer is determined by measuring the time taken (in seconds) for the foam to
collapse over a given distance using the NIBEM method (MEBAK 2.19.2). The method is known
in the art (MEBAK 2.19.2., Schaumbestimmung nach NIBEM, Methodensamlung der Mitteleu-
ropdischen Brautechniche Analysekommission (MEBAK), Selbstverlag der MEBAK, Freising
Weihenstephan)

EXAMPLES
Example 1: Role of protease of Seq ID No 1 in colloidal stabilization of beer when added either

during mashing or to finished beer.

The objective was to investigate if the use of the above protease either in mash or in finished

beer shows similar proteolytic activity and if there was any difference in colloidal stability.

The protease was obtained as described in US5312748. The proteolytic activity was deter-
mined by the well known Anson hemoglobin method, cfr. Journal of General Physiology, 22, 79-
89 (1959). One Anson unit (AU) is the amount of proteolytic enzyme digesting hemoglobin at a
pH value of 9.0 and a temperature of 25°C. during a reaction time of 10 minutes with such an
initial velocity that per minute there is formed such an amount of split products which cannot be
precipitated with trichloroacetic acid that these split products give the same color with phenol

reagent as does one milli-equivalent of tyrosine.

In laboratory scale mashing trials with 100 % malt were executed. The mash was treated with
the protease in an amount corresponding to 5 mg pure enzyme protein (EP)kg malt protease

(Seq ID No 1) following a mashing protocol shown in table 1. The control was also mashed ac-
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cording to the shown profile without adding the protease.

Table 1: mashing profile

Time (min) Temp (°C)

0 52
30 52
40 62
70 62
80 72
110 72
116 78
131 20

The wort (12 °P) was fermented (12 °C, 5 days, Yeast strain W 35/70) and the haze of wort and
beer was measured with a Turbidimeter (Turbidimeter Hach model 2100 AN). Furthermore the
potential of forming haze in the final fermented beer was measured by forcing the haze forma-
tion with adding tannic acid according to a method published by Siebert 1997 (J. Am. Soc.
Brew. Chem. 55(2):73-78, 1997).

The results are given in Figure 1.

From the result, it is evident that protease showed no influence on the turbidity in wort or beer,
which is surprising. Even the addition of tannic acid showed no differences which indicates that

the colloidal stability cannot be enhanced by adding tannins to the mash.

Example 2: Effect of proteases on colloidal stability and foam stability of beer when added dur-

ing or after lautering but before wort boiling.

Wort was recovered from a typical 100% well modified German light pilsner malt indus-
trial scale decoction mashing process according to the following profile: mashing-in at 62°C for
20 min, increase in temp to 65°C (1°C/min), rest at 65°C for 15 min, 20% of the mash was
boiled for 20 min and mixed with the main mash kept at 65°C resulting in a mashing tempera-
ture of 72°C kept for 30 min, 20% of the mash was boiled and mixed with the main mash kept at
72°C resulting in a temperature of 78°C and lautering was initiated. Water was added during

sparging resulting in malt to water ratio of 1:5.

The wort was diluted to Plato 12 and was split in three batches. Wort of batch A was
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not treated with enzyme (control), wort of batch B was incubated for 2 hours at 70°C with 5 mg
enzyme protein/kg malt protease of Seq ID No 1 which corresponds to 0.019 AU/kg malt and
wort of batch C was incubated for 2 hours at 60°C with 5 mg enzyme protein/kg malt of the
proline-specific protease Brewers Clarex obtained from DSM (Het Overloon 1 6411 TE Heerlen
(NL)) which corresponds to 2.7 g Brewers Clarex/100L beer. After termination of the enzyme
incubations, the wort was boiled (inactivation of enzyme) for one hour with hops (8% a-acids).
The three wort batches went through the same brewing process in a pilot-scale process. Wort
was pitched with 15x106 cells/mL of a typical bottom fermenting yeast type (W 34 70”). The
fermentation was carried out at 12°C for 140 hours and the three beer batches were stabilized
with PVPP (15 g/hL). Bottling of the beer in 0.5 L flasks was done manually.

The colloidal stability of the resulting beer samples was determined according to the procedure
of MEBAK 2.15.2.1 (0°C/40°C/0°C). Formation of haze was measured in EBC (European Brew-
ery Convention) units after up to 15 warm cycles. The shelf-life of a beer with emphasis on col-
loidal stability can be estimated by the number of warms cycles a beer can undergo until the
haze measurement exceeds 2.0 EBC units [One warm cycle corresponds to approximately 25

days of shelf-life.

Number of warm EBC units
cycles

Batch A Batch B Batch C
(control) (Seq ID No 1) (Brewers Clarex)

0 0.6 0.3 0.3

1 0.8 0.4 0.3

2 0.8 0.4 0.4

3 1.1 0.4 0.3

4 1.4 0.4 0.4

5 1.7 0.4 0.4

6 1.9 0.4 0.4

7 2.2 0.4 0.4

8 2.6 0.4 0.6

9 ND 0.4 0.7

10 ND 0.3 0.9

11 ND 0.4 1.0

12 ND 0.4 1.3
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13 ND 0.4 2.2
14 ND 0.4 ND
15 ND 0.4 ND

The data shows that the beer samples treated with Protease of Seq ID No 1 (Batch B) has the
markedly best colloidal stability of all the samples (Batch A-C). Brewers Clarex (batch C) was

furthermore performing better than the control sample (batch A).

The shelf life of the batches was estimated and is as below.

Batch A Batch B Batch C
(control) (Seq ID No 1) (Brewers Clarex)
Estimated shelf life 175 =375 325
(in days)

The data shows that the beer samples treated with protease of Seq ID No 1 (Batch B) has the
highest shelf life of all the samples (Batch A-C). Brewers Clarex (batch C) also had better shelf
life than the control sample (batch A).

The foam stability (NIBEM) was determined according to the procedure of MEBAK (2.19.2).

Batch A Batch B Batch C
(control) (Seq ID No 1) (Brewers Clarex)
NIBEM 246 261 267

(in seconds)

The data shows that the samples treated with protease of Seq ID No 1 and Brewers Clarex
(Batch B and C) can be described by having good foam stability properties to an extent which is
better than in the control (batch A).

Example 3: Test for thermostability of proteases

The thermostability of the proteases of Seq ID No 1, Seq ID No 2 and Seq ID No 3, and Neu-
trase® (commercially available from Novozymes A/S, Bagsvaerd, Denmark) was analysed us-
ing Protazyme AK® (Megazyme International Ireland Ltd, Wicklow, Ireland) as substrate. Alter-

natively, other substrates can also be used, if necessary, as long as the given protease has ac-
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tivity for the substrate.

The proteases of Seq ID No 1, 2, 3 and Neutrase were diluted to 1mg/ml in an assay buffer

(100 mM Succinic acid, 100 mM HEPES, 100 mM CHES, 100 mM CABS, 1 mM CacCl,, 150 mM

5 KCI, 0.01% Triton X-100, pH adjusted to 5.5 with NaOH). The proteases were then pre-
incubated on i) ice, ii) 10 min at 70°C. A blank sample (assay buffer without protease) was
made and pre-incubated in the same way. Protazyme AK tablets were suspended in 0.01% Tri-

ton X-100, one tablet in 2 ml. For each reaction, 500 pl Protazyme solution was mixed with 500

Ml assay buffer (described above) in an eppendorf tube and placed on ice. To start the reaction,

10 20 pl protease was added to the tube and incubated in an eppendorf thermomixer at 70°C, 1400
rpm for 15 min. The reaction was stopped by placing the tubes on ice. The samples were centri-
fuged cold at 14000 g for 3 min, and ODsg was measured on the superatant. The ODsgo value

for the blank samples was subtracted from the corresponding values of the protease treated
samples. The thermostability of the proteases was determined by calculating the percentage

15  activity of the samples pre-incubated at 70°C compared to the samples incubated on ice

(100%). The results are given in the table below

Table 1: Thermostability of the proteases

Protease Incubation % Activity®
Ice 100
Seq ID No. 1
10 min at 70°C 88
Ice 100
Seq. ID No. 2
10 min at 70°C 71
Ice 100
Seq ID. No. 3
10 min at 70°C 93
Ice 100
Neutrase
10 min at 70°C 0

20  “Except from Neutrase, the values are an average of two measurements.

From the table above, it is clear that proteases of Seq ID No. 1, 2, and 3 retained 88, 71 and 93

percent of their activity respectively at 70°C indicating that they are thermostable. However
16
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Neutrase did not retain any of its activity at 70°C indicating that it is not thermostable.

Example 4: Role of proteases of Seq ID No 1, 2, 3 and Neutrase in colloidal stabilization eva-

luated in a wort system.

Whether the proteases (Seq ID 1, 2, 3 and Neutrase) were capable of improving the colloidal

stability of wort in comparison to a control was investigated as below:

Wort was recovered from a typical 100% well modified malt infusion mashing process with the
following mashing profile: mashing-in at 54°C for 30 min, increase in temperature to 64°C
(1°C/min), rest at 64°C for 60 min, increase in temperature to 78°C (1°C/min), rest at 78°C for
10 min followed by lautering (malt to water ratio in mashing 1:4). Water was added during

sparging resulting in a malt to water ratio of 1:8.

The wort was incubated for 1 hour at 76°C according to the following specification:
1)  Control
2) 8.0 mg EP protease of Seq ID No 1 EP/L wort
3) 8.0 mg EP protease of Seq ID No 2 EP/L wort
4) 8.0 mg EP protease of Seq ID No 3 EP/L wort
5) 8.0 mg EP Neutrase /L wort

The wort was boiled for 30 min after the incubations in order to inactivate the enzyme.

The wort haze level, total nitrogen and free amino nitrogen (FAN) was analysed as below:

The wort haze level was determined by mixing 50 mL of filtered wort (filtered on a Sartorius Mi-
nisart-GF glass fibre filter) with 150 mL of water in the cuvette and the initial haze was meas-
ured (Hazeinia) on the Hazemeter (model: HZ 013, Lg-automatic ApS, DK) at a 90°C angle. The
same sample was then put on the magnetic stirrer and 2x 3.75 mL of Brewtan C solution (200
mg Brewtan C (gallotannin, Ajinomoto OmniChem, Belgium)/L water) was added. The solution
was incubated for 40 min and final haze was measured (Hazey.). Wort haze is calculated us-

ing the equation below:

Wort haze = Hazefina — Hazeiiia  (EQ. 1)

Total Nitrogen (Kjeldahl) was analysed according to the Analytica EBC . Free amino nitrogen
(FAN) was determined according to the procedure of MEBAK-I 2.9.4.11.
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The result of the analysis is given in the table below:

Table 2: Role of proteases in colloidal stabilization evaluated in a wort system

Control Protease | Protease | Protease Neuirase
of of of
Seq!D | SeqlID No | Seq ID No
No 2 3 1

Wort haze 9.31+0.2 72200 | 27201 45+0.0 10.6 £ 0.1
FAN 202.5+0.7 | 206.5+ 2125+ 207.0 + 208.0 £ 0.0
(mg/L) 2.1 0.7 1.4
Total N|941.5+225| 929.0+ 959.5+ 980.0 +
(mg/Kg) 17.0 15.5 0.0 980.0 £ 13.0

From the results above it is evident that proteases of Seq ID No. 1, 2, 3 positively affect wort
haze .i.e. they result in decrease in wort haze when compared to a control (no enzyme treat-
ment). Protease of Seq ID No. 3 showed the maximum effect followed by protease of Seq ID No

1 and 2 in that order. Neutrase negatively affects the wort haze.

Without being bound by theory, we believe that the negative effect of Neutrase is because of its

lack of thermostability.

The FAN (Free Amino Nitrogen) did not seem to be greatly affected by the protease treatment.

Protease of Seq ID No. 3 addition resulted in the biggest increase in wort FAN level.

Total nitrogen (N) measured by Kjeldahl method (Table 2). No major differences could be seen

between the proteases treated samples and the control wort.

Example 5: Role of proteases of Seq ID No 1, 2 and 3 in colloidal stabilization evaluated in a
beer system.
Whether the proteases (Seq ID 1, 2 and 3) were capable of improving the colloidal stability of

beer in comparison to a control was investigated as below:

Wort was recovered from a typical 100% well modified German light pilsner malt industrial scale
decoction mashing process according to the following profile: mashing-in at 62°C for 20 min,
increase in temp to 65°C (1°C/min), rest at 65°C for 15 min, 20% of the mash was boiled for 20

min and mixed with the main mash kept at 65°C resulting in a mashing temperature of 72°C
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ing in a temperature of 78°C and lautering was initiated. Water was added during sparging re-

sulting in malt to water ratio of 1:5.

The wort was diluted to Plato 12 and was split in 5 batches and 1-5 was incubated for 1 hour at

76°C with the following:
Protease of Seq ID No 3 (1.6 mg EP/L)
Protease of Seq ID No 1 (3.8 mg EP/L)
Protease of Seq ID No 2 (2.6 mg EP/L)
Control (no enzyme)
Control (fully stabilized beer: 15 g/L PVPP + 40 g/L silica gel)

1)
2)
3)
4)
5)

After termination of the enzyme incubations, the wort was boiled (inactivation of enzyme) for
one hour with hops (8% a-acids). The 5 wort batches went through the same brewing process in
a pilot-scale process. Wort was pitched with 15x10° cells/mL of a typical bottom fermenting

yeast type (W 34 70”). The fermentation was carried out at 12°C for 140 hours and the 5 beer

PCT/EP2010/052142
kept for 30 min, 20% of the mash was boiled and mixed with the main mash kept at 72°C result-

batches were filtered. Bottling of the beer in 0.5 L flasks was done manually.

Total wort nitrogen and Total wort FAN was analysed as before. The results are given below.

Table 3: Total wort nitrogen (mg/100 mL, of 12°P).

Protease | Protease | Protease | Control | Control (fully stabil-
of Seq ID | of Seq ID | of Seq ID lized after fermen-
No.3 No.1 No.2 tation

Trial A 105.6 104.7 105.5 104.0 104.4

Trial B 93.5 105.6 100.0 94.6 94.4

Table 4: Wort FAN (mg/100 mL, of 12°P)

Protease | Protease Protease | Control | Control (fully stabil-
of Seq ID | of Seq ID | of Seq ID lized after fermen-
No.3 No.1 No.2 tation

Trial A 19.0 221 20.5 20.3 19.9

Trial B 19.0 18.5 17.8 18.7 18.2

From the results above, the wort Free Amino Nitrogen (FAN) and total nitrogen did not seem to

be affected by the enzyme treatment.

The colloidal stability of the resulting beer samples was determined according to the procedure
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of MEBAK 2.15.2.1 (0°C/40°C/0°C). Formation of haze was measured in EBC units. The shelf-
life of a beer with emphasis on colloidal stability can be estimated by the number of warms
cycles a beer can undergo until the haze measurement exceeds 2.0 EBS units. One warm cycle

corresponds to approximately 25 days of shelf-life. The results are given below:

Table 5: Colloidal stability results:

# warm Protease Protease Protease Control Control
cycles of SeqID | of SeqID | of SeqID (fully stabi-
No.3 No.1 No.2 lized)
0 0.459 0.424 0.375 0.801 0.649
1 1.43 0.764 1.03 2.01 1.46
2 1.47 0.748 1.09 - -
3 1.58 0.782 1.17 - 1.68
4 1.58 0.788 1.21 2.35 1.50
5 1.62 0.805 1.23 - 1.72
6 - - - - 1.78
7 1.80 0.849 1.36 - 1.86
8 1.61 0.810 1.34 215
9 1.87 0.871 1.54 2.41
10 1.86 0.870 1.70 2.61
11 2.04 0.914 1.92 297

From table 5, it demonstrates that treatment with Proteases of Seq ID No. 1, 2, 3 in particular
after lautering at 76°C have a better colloidal stability than the control and fully stabilized con-

trol.

Example 6: Influence of Proteases on the wort quality with focus on the protein composition

and haze formation in wort when added to different process steps.

The impact of proteases when applied at mashing, end of mashing and after lautering on the

wort quality and protein composition was studied.

1.5 kg well modified malt was milled with a Heger MM40 2-Roller Mill (0.8 mm gap), and
mashed in with 6 Liter of water (brewing quality). The mashing profile was 30 minutes at 52°C,
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in a lauter tun. After collecting the first wort sparging was conducted using 2 times 3 Liter of
76°C brewing water. The wort was boiled 20 min in atmospheric conditions. 7 independent ex-

periments was carried out and Protease of Seq ID No 1 was added according to the plan

showed in Table 6

Table 6: Trial plan

PCT/EP2010/052142
30 minutes at 62°C, 30 minutes at 72°C and 10 minutes at 78°C. The wort separation was done

Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 | Trial 6 | Trial 7
Point of | Mashing | Mashing | Mashing | Mashing | Wort Wort None
addition | in in off off
Enzyme |10 mg |50 mg |10 mg |50 mg| 1.6 mg|8.0 mg| None
dosage | EP/Kg EP/Kg EP/Kg EP/Kg EP/L EP/L

Wort samples were taken after boiling and analysed comprising the following analysis: Total Ni-
trogen (Kjeldahl), Free amino nitrogen (FAN), Haze (turbidity) after Brewtan C addition. The pro-
tein composition was also analysed by SDS-PAGE Wort Analysis (described in example 7 be-

low). All methods were executed according to the Analytica EBC except the Brewtan C addi-

tion,which was done according to the procedure described in example 4 above.

The results are given below:

Table 7: Results of the total N measurement using Kjehdahl method

Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Trial6 | Trial 7
Point of | Mashing | Mashing | Mashing | Mashing | Wort Wort None
addition | in in off off
Enzyme |10 mg |50 mg |10 mg|50 mg|1.6 mg| 8.0 mg | None
dosage | EP/Kg EP/Kg EP/Kg EP/Kg EP/L EP/L
Kjeldahl | 970 1287 996 1406 822 830 838
PRIK 16% 54% 19% 68% -2% -1% 0

The above results show that any contact of the protease with the mash increases the total N

and therefore changes the wort and beer quality whereas contact of the protease with wort does

not change the total Nitrogen content of the wort.

The Protein releasing index by Kjeldahl (PRIK) was also calculated.

The PRIK — or protein releasing index by Kjeldahl is hereby defined as the amount of released

protein above the control without enzyme in percent of the control,
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i.e. PRIK = ((Kjeldahl protein of wort from sample with enzyme) — (Kjeldahl protein of control

sample without enzyme))x100/(Kjeldahl protein of control sample without enzyme).

So our invention comprises a method, wherein the amount of protein in the wort, defined as the

5 PRIK in accordance with Example 6, is increased less than 10%, preferably is increased less
than 9%, more preferably is increased less than 8%, more preferably is increased less 7%,
more preferably is increased less 6%, more preferably is increased less 5%, more preferably is
increased less 4%, more preferably is increased less 3%, more preferably is increased less 2%
and most preferably is increased less 1%.

10
Table 8: Results of the FAN measurement
Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 | Trial 6 | Trial 7
Point of | Mashing | Mashing | Mashing | Mashing | Wort Wort None
addition | in in off off
Enzyme |10 mg |50 mg|10 mg |50 mg| 1.6 mg| 8.0 mg | None
dosage | EP/Kg EP/Kg EP/Kg EP/Kg EP/L EP/L
FAN 198.9 217.7 212.2 257.4 189.7 [192.8 174.2
(mg/L)
As shown in the total N measurement above, the contact of mash with the protease increases
the FAN level but not to the same extent like the total N. That indicates that proteins are solubi-
15 lised when the protease is added to the mash but they are only partially hydrolysed to peptides
or amino acids.
Table 9: Haze measurement of the boiled wort after treatment with Brewtan C
Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 | Trial 6 Trial 7
Point of | Mashing | Mashing | Mashing | Mashing | Wort Wort None
addition | in in off off
Enzyme |10 mg |50 mg |10 mg |50 mg| 1.6 mg|8.0 mg| None
dosage | EP/Kg EP/Kg EP/Kg EP/Kg EP/L EP/L
Turbidity | 8.5 9.9 10.9 10.5 5.5 4.5 7.8
GATA -9% -27% -40% -35% 29% 42% -
Where the GATA (Gallic Acid Turbidy Assay) is the reduction in turbidity relative to the control
20  without protein as % of the control.
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i.e GATA= [((Turbidity of control without protein)-(turbidity of sample))/(turbidity of control with-
out protein)]X100
The results of the haze measurement indicate that the addition of the protease to the wort re-
moves haze sensitive proteins whereas any contact of the protease with mash increases the

total amount of Nitrogen and as a consequence this increases the potential of haze formation.

Example 7: Analysis of the wort proteins after treatment with proteases by SDS-PAGE Wort
Analysis which is a Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)

based method.

The wort obtained after protease treatment as mentioned in example 6 above was analysed us-
ing SDS-PAGE to understand the qualitative and quantitative changes in the protein profile, if

any.

Samples were prepared for SDS-PAGE by adding 30 ul 4X Protein loading buffer containing
dithiothreitol (DTT) (Fermentas, #R0891) to 90 yl sample resulting in 1X Protein loading buffer
(0.0626 M Tris-HCI, pH 6.8, 2% SDS, 0.01% bromphenol blue, 10% glycerol, and 0.1M DTT)
followed by heating at 85°C for 3 min. 10 yl of the samples were added to a 4-20% Criterion
Stain Free gel (Biorad) using a Tris/glycine/SDS running buffer (24 mM Tris, 0.2 M glycine, and
0.1% SDS). PageRuler™ Unstained Protein Ladder (Fermentas, #SM0661) was used as
marker. The gel was run for 15 min at 100V and thereafter at 180V for approximately 1 hour un-
til the front had reached the bottom of the gel. The proteins were visualized using Criterion Stain

Free Imager (Biorad,California, USA).

From the SDS-PAGE, the different protein bands in the sample were quantified using the Image

Lab Software for Criterion Stain Free system (Biorad).

6 protein bands, one following another, were identified for each sample using boiled wort as a

reference.

Protein band 1 is the distinct band positioned at 40 kDa +/- 2 KDa. Protein bands 2, 3 and 4 are
distinct bands positioned between 15 and 10 kDa, where band 2 is the largest (at 15 kDa +/- 2
KDa), band 4 is the smallest (just above 10 kDa) and band 3 is the distinct band in between
band 2 and band 4. Protein band 5 and 6 -the next distinct bands with lower MW are found at
10 kDa and below, of which band 5 is the largest (approx. 10 kDa) and band 6 is the smallest (<
10 kDa).
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The area of a protein band was marked with a box so it covered the whole band. In some
cases, bands were so strong that they overlapped each other and here the bands were divided

according to the sizes seen in the reference lane with boiled wort.

The intensity of the bands was calculated by the Image Lab Software Program. For each sam-
ple, the intensity of the individual bands was compared with the intensity of the same band in
the reference (boiled wort) (Table 10). Furthermore, the quantity (%) of protein band 2 was cal-

culated by dividing the intensity of the band with the sum of intensity of band 1 to 6 (Table 11).

Table 10: Quantity (%) of band 1, band 2, band 3 and band 4-6 in protease treated wort after
boiling compared to the corresponding bands in boiled wort. Protease of Seq ID No 1 was
added in two different concentrations; i) Low (L) (1.6 mg EP/L for wort and 10 mg EP/L for
mash) and ii) high (H) (8 mg EP/L for wort and 50 mg EP/L for mash) at different steps in brew-

ing (wort, mashing-in, and mashing off,).

Sample | Band1 | Band2 | Band 3 | Band4 | Band 5 | Band 6 | Band 4-6 Total

Boiled
Wort 100 100
100 100 100 100 100 100
(no en-
zyme)
Wort (L) 87.2 41.2 103.5 137.0 109.7 | 112.17 120.9 101.1
Wort (H) 84.1 14.0 71.8 88.7 178.1 118.7 119.6 92.2
Mashing 158.8 129.2
in (L) 101.6 47.4 117.3 175.7 142.3 143.5
in

Mashing 307.2 215.1
in (H) 123.7 27.3 116.9 207.4 436.6 402.4
in

Mashing 1489 | 1237
113.1 | 517 | 108.3 | 165.02 | 146.7 | 135.2
off (L)

Mashing 242.9 178.7
122.6 40.6 106.8 220.0 277.3 277.8
off (H)

The numbers are the average of two quantifications
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Table 11: Quantity (%) of band 2 in wort after boiling compared to total protein (protein band 1

to 6) when Protease of Seq ID No. 1 was added in two different concentrations; i) Low (L) (1.6
mg EP/L for wort and 10 mg EP/L for mash) and ii) high (H) (8 mg EP/L for wort and 50 mg

EP/L for mash) at different steps in brewing (wort, mashing-in, and mashing off).

Sample Band 2
Sweet wort (no enzyme) 15.7
Boiled wort (no enzyme) 15.5
Wort - L 6.3
Wort — H 2.4
Mashing in (L) 5.8
Mashing in (H) 2.0
Mashing off (L) 6.5
Mashing off (H) 3.7

The numbers are the average of two quantifications

Adding Protease of Seq ID No. 1 in a low and a high concentration to different steps in the
brewing process changed the overall protein profile. By comparing the intensity of the individual
protein bands from Protease of Seq ID No. 1 treated samples with boiled wort without enzyme;
treatment with the protease to wort or mash significantly reduces protein band 2 (14.0-51.7% of
band intensity in boiled wort). However, when the protease was added to mash, the protein
bands 4-6 were significantly increased up to 307.2% compared to the bands in boiled wort
(100%). Furthermore, addition of protease to wort resulted in a decrease in total protein amount
(92.2% of total protein in boiled wort), whereas addition of the protease to mash resulted in in-

creased amount of total protein (123.7-215.1% of total protein in boiled wort).

When the amount in percentage of protein band 2 was compared to the total amount of protein
(band 1 to 6) for each sample, treating mash and wort with protease resulted in a significant de-
crease in band 2 (2.0-6.5% of total protein) compared to untreated sweet and boiled wort (15.5-
15.7% of total protein) (Table 11).

Three other proteases from example 4, Protease of Seq ID No. 2, 3 and Neutrase, were tested
for their protein degradation in sweet wort. The results are given below:
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Table 12: Quantity (%) of band 1, band 2, band 3 and band 4-6 in wort treated with different

proteases (8 mg EP/L) compared to the corresponding bands in boiled wort.

Band 2 Band 4-6 Total
Sample Band 1 Band 3

(CPRA) (CLRA)
Boiled wort (no en- 100 100 100 100 100
zyme)
Protease Seq ID 90.3 13.8 28.8 152.2 107.9
No. 3
Protease Seq ID 56.4 48.8 114.8 141.7 113.7
No. 2
Protease Seq ID 936 26.4 120.4 183.5 140.8
No. 1
Neutrase 120.2 116.6 158.8 152.7 144.1

The numbers are the average of two quantifications

So our invention also comprises a method, wherein the CPRA is below 80% and the CLRA is
below 200%, preferably wherein the CPRA is below 70% and the CLRA is below 200%, more
preferably wherein the CPRA is below 60% and the CLRA is below 200%, and most preferably
wherein the CPRA is below 50% and the CLRA is below 200%.

Table 13: Quantity (%) of band 2 compared to total (protein band 1 to 6) in wort treated with
Proteases (8 mg EP/L)

Sample Band 2
Boiled wort (no enzyme) 14.7
Protease Seq ID No. 3 1.9
Protease Seq ID No. 2 6.3
Protease Seq ID No. 1 2.8
Neutrase 11.9

The numbers are the average of two quantifications

Both Protease of Seq ID No. 3 and 2 degraded band 2 down to 13.8-48.8% of the correspond-
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ing band in boiled wort (Table 11). Of the amount of total proteins, band 2 only accounted for
1.9-6.3% for Protease of Seq ID No. 1, 2 and 3 compared to 14.7% in boiled wort (Table 13).
No major effect on protein band 2 was observed for Neutrase. (Table 12 and 13), which is
probably due to less thermostability (T-opt (pH) = 50 (pH 9)).
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CLAIMS

1.

10.

A method of brewing a beer comprising contacting a mash during lautering and/or a wort

after lautering but before wort boiling with a thermostable protease.

The method according to claim 1, wherein the protease is obtainable from Nocardiopsis,

Thermoascus or Bacillus.

The method according to claim 1, wherein thermostable means that the protease activity of
the pure protease enzyme is at least 70% of the reference activity, measured at pH 5.5, af-

ter incubation for 10 minutes at 70°C in accordance with Example 3.

The method according to claim 1, wherein the protease comprises an amino acid sequence
corresponding to Seq ID No 1 or variants thereof which have at least 70% identity to Seq ID
No 1.

The method according to claim 1, wherein the protease comprises an amino acid sequence
corresponding to Seq ID No 2 or variants thereof which have at least 70% identity to Seq ID
No 2.

The method according to claim 1, wherein the protease comprises an amino acid sequence
corresponding to Seq ID No 3 or variants thereof which have at least 70% identity to Seq ID
No 3.

The method according to claim 1, wherein the amount of protein in the wort, defined as the

PRIK in accordance with Example 6, is increased less than 10%.

The method according to claim 1, wherein the GATA, measured in accordance with Exam-

ple 6, is at least 25%.

The method according to claim 1, wherein the colloidal stability is increased when com-

pared to beer brewed in a conventional way.

The method according to claim 1, wherein the method results in a decreased or zero use of

processing aids when compared to a beer brewed in a conventional way.

11. The method according to claim 1, wherein the beer is produced without filtration on silica.
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12. The method according to claim 1, wherein the beer has foam stability either equal to or

greater than a beer brewed in a conventional way.

13. The method according to claim 1, wherein the contacting is done after lautering.

14. The method according to claim 1, wherein the contacting is done during sparging.

15. The method according to claim 1, wherein the contacting is done at a temperature of at least
60°C.

16 The method according to claim 1, wherein the contacting is done at a temperature of at least
70°C.

17. The method according to claim 1, wherein the contacting is done at a temperature of at least
75°C.

18. The method according to claim 1, wherein the contacting is done for a period between 10

min and 5 hours.

19. The method according to claim 2, wherein the protease is obtainable from N. dassonvillei,

Thermoascus arantiacus, or Bacillius licheniformis.
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