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DESCRIPTION

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to light-stable hop extracts and to the application of such
hop extracts in beer. The invention further provides a method of preparing such a light-stable
hop extract, said method comprising illuminating a pre-isomerised hop extract.

BACKGROUND OF THE INVENTION

[0002] Hops are the female flowers of the hop plant Humulus lupulus. They are used as an
ingredient in beer, to which they impart a bitter, tangy flavour. Hops are usually dried in an oast
house before they are used in the brewing process. In the brewing process the wort (sugar-
rich liquid produced from malt) is boiled with hops before it is cooled down and yeast is added,
to start fermentation.

[0003] Boiling the wort with hops results in the extraction of alpha acids (humulones, such as
humulone, adhumulone, cohumulone, posthumulone and prehumulone) into the sweet wort,
which under the influence of temperature (thermal isomerisation) are partially isomerised to the
corresponding iso-alpha acids (isohumulones). These iso-alpha acids are responsible for the
characteristic bitter taste of hopped beer. Typical alpha acid levels in the wort at the start of the
wort boiling are below 0.01 wt % (below 100 ppm). Disadvantages of this traditional hopping
approach to impart bitterness are the inefficient alpha acid extraction and isomerisation,
typically resulting in iso-alpha acid yields below 40%.

[0004] Hop utilization can be improved significantly by performing the alpha acid isomerisation
outside the brewing process. To this end pre-isomerised hop products have been developed.
These pre-isomerised hop product are produced starting from hop extract.

[0005] Hop extracts are usually obtained via liquid or supercritical carbon dioxide extraction.
Carbon dioxide hop extracts provide predominantly alpha acids (humulones) next to beta acids
(lupulones), and they can be further fractionated to obtain alpha acid enriched hop extracts.
Starting from these alpha acid containing extracts, the "off-line" pre-isomerisation of alpha
acids outside the brewing (wort boiling) process can be achieved using alkali metal and/or
alkaline earth metal based compounds via two approaches. The first approach applies a
solvent-free reaction medium while in the other approach the transformation is performed after
addition of solvents, either pure water or alternatively water mixed with an organic solvent.

[0006] It is known to isomerise alpha acid to iso-alpha acids by means of photolysis. AU
7540281, for instance, describes a process for the up-grading of the bitter substances from
hops, and more particularly of practically pure alpha- and beta acids obtained from a highly
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purified hop extract, particularly by treatment with liquid carbon dioxide, characterized in that
the alpha and/or beta acids are subjected to photolysis by sunlight, for a predetermined
duration, under conditions adapted to produce an optimum quantic yield under suitable
temperature conditions, preferably close to 60°C, to obtain respectively iso-alpha acids and
deoxy-alpha acids

[0007] US 4,767,640 describes a method of preparing light stable hop product that essentially
consists of reduced isohumulones, and less than 0.5% unreduced isohumulones and non-
isohumulones unstable products. Example 1 describes a process in which an isomerized hop
extract was reduced, followed by acidification and separation of the aqueous layer and the oily
layer. The oily extract so obtained contained 70% reduced isohumulone, 6.5% background
material and less than 0.5% unreduced isohumulone. Example 3 describes how the oily extract
was further purified to yield a "Post Purified Aqueous Phase” and a "Post Purified Oil Phase".
Example 4 describes the chromatographic separation of the oily extract of Example 1 into three
fractions. Example 5 describes an experiment in which the light stability of the aforementioned
purified extracts ("Post Purified Aqueous Phase" and a "Post Purified Oil Phase") and of the
three chromatographic fractions was evaluated. This was done by adding these materials to
beer and irradiating for 2 hours with 600 foot candles of fluorescent light.

[0008] WO 93/02177 describes a process for producing a foam stabilizing and bittering agent
for a malt beverage characterized by extracting hops under conditions which favour the
separation and recovery of a fraction rich in adprehumulone, and subjecting the
adprehumulone fraction to photo-isomerisation to produce iso-adprehumulone.

[0009] US 5,811,144 describes a process for the production of a beer wherein wort having a
high riboflavin content is hopped to produce the desired beverage, the improvement
comprising treating the wort with an effective amount of actinic radiation adapted to
decompose riboflavin and having a wave length of from 300 to 700 nanometers; wherein,
during said treatment with the actinic radiation, the wort is maintained at a temperature of from
about 25 °C - 90 °C and is substantially anaerobic; whereby the riboflavin content is reduced to
less than 0.2 ppm and the resulting beer has enhanced stability to light.

[0010] WO 2006/104387 relates to a composition that can be used as an additive in beverages
or foodstuffs to prevent or reduce light induced flavour changes. The composition containing at
least 10 pg of substituted pyrroles per kg of dry matter and at least 100 mg per kg of dry
matter of a pyranone selected from the group consisting of maltol, 2,3-dihydro-3,5-dihydroxy-
6-methyl-4H-pyran-4-one and combinations thereof.

[0011] WO 2011/054838 relates to a bottle, container or beverage glass for containing a hops
based beverage, including a concentration between 10 pg/l and 10 mg/l of riboflavin, said
bottle, container or beverage glass being at least partially transparent or translucent to visible
light and having an optical filter characteristic preventing light transmission of wavelengths
between 200 nm and 510 nm to a level preventing generation of more than a tasteable
concentration of MBT in said beverage through photochemical reactions and photochemically
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initiated auto-catalytic reactions involving said Riboflavin.

[0012] GB 2,362,891 relates to a method of providing a beverage comprising treating a malted
beverage such as beer to modify the original flavour or aroma of the beverage as brewed by
exposing the beverage to a light source when the beverage is dispensed for consumption.

[0013] It is well-known that the flavour quality of beer is compromised by exposure to light, a
phenomenon which is generally referred to as 'lightstruck’ or 'sunstruck’ flavour, and which is
triggered by light-induced degradation of iso-alpha acids.

[0014] The formal mechanism for formation of beer lightstruck flavour in model systems,
composed of isohumulones, riboflavin, and cysteine, on exposure to visible light, has been
suggested by Kuroiwa et al. already in 1963. Photo-excited riboflavin induces cleavage of
isohumulones to a 4-methylpent-3-enoyl radical, which undergoes decarbonylation to a 3-
methylbut-2-enyl radical. Trapping of this stabilized allyl radical by a thiol radical derived from
cysteine leads to formation of 3-methylbut-2-ene-1-thiol (3-MBT), the substance responsible
for lightstruck flavour. 3-MBT has an extremely low flavour threshold level of around or below 1

ppt.

[0015] In order for the formation of 3-MBT to occur in beer besides iso-alpha acids, the
reaction requires light energy in the 300-550 nm range of the spectrum, a photosensitizer (e.g.
riboflavin, i.e. vitamin B2), and a sulphur source (e.g. sulphur containing amino acid).

[0016] The photolytic degradation of iso-alpha acids occurs as a consequence of the presence
of an iso-3-hexenoyl side chain in the iso-alpha acid molecules. By modifying the molecular
structure of the iso-alpha acids, notably by reducing the C=C and/or C=0 bonds in the iso-3-
hexenoyl side chain, substantial 3-MBT formation in beer can be prevented.

[0017] Reduced iso-alpha acid derivatives that are commercially available contain dihydro-,
tetrahydro- and/or hexahydro-iso-alpha acids, and are usually added after the primary
fermentation stage of the brewing process. The dihydro-iso-alpha acids (also called rho-iso-
alpha acids) are obtained by the reduction of the carbonyl group in the aforementioned iso-3-
hexenoyl chain to a hydroxyl group, generally using alkali metal borohydride as the reducing
agent. The tetrahydro-iso- alpha acids are obtained via hydrogenation of the C=C bonds in the
aforementioned iso-3- hexenoyl side chain and the isopentenyl side chain. The hexahydro-iso-
alpha acids are produced by combining the aforementioned reduction and hydrogenation
processes.

[0018] There is a need for a pre-isomerised hop extract that is light-stable, i.e. that does not
substantially contribute to the formation of 3-MBT in light-exposed beer, but that has not been
chemically reduced/hydrogenated.

SUMMARY OF THE INVENTION
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[0019] The inventors have unexpectedly discovered that light-stability of pre-isomerised hop
extracts can be improved substantially by illuminating such hop extracts with sunlight. Although
the inventors do not wish to be bound by theory, it is believed that as a result of this illumination
iso-alpha acids undergo the same type of photolytic degradation that is responsible for the
formation of 3-MBT in beer. However, in the absence of important reactants (such as thiol-
containing substances), the reactive intermediate degradation products formed during
illumination that would otherwise participate in the formation of 3-MBT, are converted into other
reaction products that do not adversely affect the flavour or flavour stability of beer.

[0020] The illumination of pre-isomerised hop extract in accordance with the present invention
greatly improves the light-stability of the hop extract, but surprisingly it has not more than a
limited impact on the bitterness and desirable flavour characteristics of the hop extract.

[0021] The inventors have further discovered that during illumination of pre-isomerised hop
extract substantial quantities of the following hop derived substances (including all isomers) are

formed:
HO

wherein R = -CH(CHj)2, ~-CH(CH3)CH,CHg or -CH2CH(CHs)o.

[0022] These substances occur in conventional pre-isomerised hop extracts in not more than
trace amounts. However, in the illuminated pre-isomerised hop extracts of the present
invention they are present in significant concentration levels.

[0023] One aspect of the present invention relates to a light-stable hop extract comprising at
least 1 g per kg of dry matter of one or more hop derived substances represented by the

following formula (I):
HO O

10
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wherein R = -CH(CHj),, -CH(CH3)CH,CHj or -CH,CH(CHs)».

[0024] The present invention also concerns a beer comprising light-stable hop extract, said
beer containing at least 40 g/l riboflavin and at least 0.1 mg/l of one or more hop derived
substances represented by the following formula (I):

O
N
1PN
R

wherein R = -CH(CHj)2, ~-CH(CH3)CH,CH3 or -CH2CH(CHs)o.

DETAILED DESCRIPTION OF THE INVENTION

[0025] Accordingly, a first aspect of the present invention relates to a light-stable hop extract
comprising at least 1 g per kg of dry matter of one or more hop derived substances
represented by the following formula (I):

HO O
N

g:y’f/“ ,/f\m

/ W’f o

)
R X0

wherein R = -CH(CHj)2, ~-CH(CH3)CH,CHg or -CH2CH(CHs)o.

[0026] The term "hop derived substances" as used herein, unless indicated otherwise, refers
to substituted oxycyclohexyl substances represented by aforementioned formula (I). The
aforementioned hop derived substances can occur in different isomeric forms. All these
isomeric forms, including tautomers and stereo-isomeric forms are encompassed by the above
mentioned definition "hop derived substances”.

[0027] The term "iso-alpha acids" as used herein refers to substances selected from the group
of isohumulone, isoadhumulone, isocohumulone, pre-isohumulone, post-isohumulone and
combinations thereof. The term "iso-alpha acids" encompasses different stereo-isomers (cis-
iso-alpha acids and trans-iso-alpha acids).

[0028] The term "alpha acids" as used herein refers to substances selected from the group of
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humulone, adhumulone, cohumulone, prehumulone, posthumulone and combinations thereof.

[0029] The term "beta acids" as used herein refers to substances selected from the group of
lupulone, adlupulone, colupulone, prelupulone, and postlupulone and combinations thereof.

[0030] The term "isohumulone derived substance" as used herein refers to hop derived
substances as defined above, wherein R = -CH>CH(CH3)».

[0031] The term "isocohumulone derived substance" as used herein refers to hop derived
substances as defined above, wherein R = -CH(CHa3)».

[0032] The term "beer" as used herein encompasses both alcohol-containing and alcohol-free
beer.

[0033] The concentration of the hop derived substances in a hop extract or in beer can
suitably be determined by means of LC-MS, using the methodology that is described in this
document.

[0034] The light-stable hop extract of the present invention typically contains the hop derived
substances in a concentration of at least 3 g per kg of dry matter, more preferably in a
concentration of at least 6 g per kg of dry matter and most preferably of at least 10 g per kg of
dry matter. Typically, the hop extract contains not more than 350 g, preferably not more than
250 g of the hop derived substances per kg of dry matter.

[0035] According to a preferred embodiment of the present invention, the light-stable hop
extract contains significant amounts of one or more hop derived substances according to
formula (1) in which R=-CH(CHa3)>. This hop derived substance is believed to originate from

isocohumulone and is referred to herein as isocohumulone derived substance. Typically, the
light-stable hop extract contains the isocohumulone derived substance in a concentration of at
least 0.3 g per kg of dry matter, more preferably in a concentration of at least 1 g per kg of dry
matter and most preferably of at least 3 g per kg of dry matter.

[0036] As explained below, the inventors have identified two isocohumulone derived
substances in the light-stable hop extract of the present invention. These two isocohumulone
derived substances, referred to as Co1 and Co2, are described in more detail below. Typically,
the light-stable hop extract contains the isocohumulone derived substance Co2 in a
concentration of at least 0.2 g per kg of dry matter, more preferably in a concentration of at
least 0.7 g per kg of dry matter and most preferably of at least 2 g per kg of dry matter.

[0037] According to a further preferred embodiment of the present invention, the light-stable
hop extract contains significant amounts of one or more hop derived substances according to
formula (1) in which R=-CH>CH(CHa3)2. This hop derived substance is believed to originate from

isohumulone and is referred to herein as isohumulone derived substance. Typically, the light-
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stable hop extract contains the isohumulone derived substance in a concentration at least 0.5
g per kg of dry matter, more preferably in a concentration of at least 2 g per kg of dry matter
and most preferably of at least 5 g per kg of dry matter.

[0038] The light-stable hop extract of the present invention typically contains at least 1%, more
preferably at least 2% and most preferably at least 3% of iso-alpha acids by weight of dry
matter.

[0039] According to a particularly preferred embodiment of the present invention the light-
stable hop extract contains the hop derived substances in a concentration of at least 1%, more
preferably at least 3%, even more preferably at least 5%, yet more preferably at least 10% and
most preferably at least 20% by weight of the iso-alpha acids that are contained in the extract.

[0040] Typically, the light-stable hop extract contains at least 0.3%, more preferably at least 3%
and most preferably at least 6% of the isocohumulone derived substance by weight of the iso-
alpha acids that are contained in the extract.

[0041] The light-stable hop extract preferably contains at least 0.5%, more preferably at least
5% and most preferably at least 10% of the isohumulone derived substance by weight of the
iso-alpha acids that are contained in the extract.

[0042] Alpha acids are typically contained in the light-stable hop extract in a concentration of 0-
10%, more preferably of 0-3% and most preferably of 0.01-2% by weight of dry matter.

[0043] The light-stable hop extract of the present invention typically contains 0-10% beta acids
by weight of dry matter, more preferably 0-5% beta acids by weight of dry matter.

[0044] The amount of reduced iso-alpha acids (dihydro-iso-alpha acids, tetrahydro-iso-alpha
acids and hexahydro-iso-alpha acids) in the light-stable hop extract preferably does not exceed
10% by weight of the iso-alpha acids. Even more preferably the amount of reduced iso-alpha
acids does not exceed 3% by weight of the iso-alpha acids.

[0045] The light-stable hop extract of the present invention typically comprises at least 20 mg/I
of the hop derived substances. More preferably, the light-stable hop extract contains at least
80 mg/l of the hop derived substances, most preferably at least 150 mg/l of said hop derived
substances.

[0046] The light-stable hop extract preferably is a hop extract that has been isolated from hop
by means of extraction of with liquid or supercritical carbon dioxide.

[0047] The light-stable hop extract of the present invention preferably is a pre-isomerised hop
extract, more preferably a pre-isomerised hop extract containing iso-alpha acids and alpha
acids in a weight ratio that exceeds 10:1, most preferably in a weight ratio that exceeds 20:1.
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[0048] The light-stable hop extract preferably has a water content of at least 30 wt.%, more
preferably a water content of at least 50 wt.% and most preferably of at least 70 wt.%.

[0049] Another aspect of the present invention relates to a beer comprising light-stable hop
extract, said beer containing at least 40 ug/l riboflavin and at least 0.1 mg/l of one or more hop

derived substances represented by the following formula (I):
HO_ 0O
et

0”){' - \wg;
/o
i
|
Lo,
R g

wherein R = -CH(CHjg)2, ~-CH(CH3)CH,CH3 or -CH2CH(CHs)o.

[0050] As explained herein before, riboflavin plays an important role in the light-induced
formation of 3-MBT in beer. Riboflavin is naturally present in beer and undergoes extremely
rapid photolysis. As a matter of fact, in ordinary beer riboflavin is photolysed much more rapidly
than iso-alpha acids. Thus, in light-struck beer riboflavin content is usually reduced to only a
fraction of the original content even before a significant fraction of the iso-alpha acids has been
photolysed.

[0051] The light-stable beer of the present invention differs from ordinary beer in that it
contains at least 0.1 mg/l of the aforementioned one or more hop derived substances. This
light-stable beer differs from light-struck beer in that it simultaneously contains at least 0.1 mg/I
of these hop derived substances and at least 40 pg/l riboflavin.

[0052] The beer of the present invention typically contains at least 0.2 mg/l, more preferably at
least 0.4 mg/l, and even more preferably at least 1 mg/l of the one or more hop derived
substances. Typically the concentration of the one or more photolysed hop substances in the
beer does not exceed 50 mg/l. More preferably said concentration does not exceed 40 mg/I,
even more preferably it does not exceed 30 mg/l and most preferably it does not exceed 20
mg/l.

[0053] The light-stable beer preferably contains at least 0.03 mg/Il, more preferably at least 0.1
mg/l and most preferably at least 0.3 mg/l of the isocohumulone derived substance.

[0054] The isocohumulone derived substance Co2 is preferably contained in the light-stable
beer in a concentration of at least 0.02 mg/l, more preferably at least 0.07 mg/l and most
preferably of at least 0.2 mg/I.

[0055] The light-stable beer preferably contains at least 0.05 mg/l, more preferably at least 0.2
mg/l and most preferably at least 0.5 mg/l of the isohumulone derived substance.
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[0056] The riboflavin content of the light-stable beer preferably is at least 60 ug/l. Most
preferably, the riboflavin content is in the range of 80 to 2,000 pg/l.

[0057] According to a particularly preferred embodiment, the one or more hop derived
substances and riboflavin are present in the light-stable beer in a weight ratio that does not
exceed 200: 1, more preferably in a weight ratio that is in the range of 1:1 to 100:1 and most
preferably in the range of 2:1 to 50:1.

[0058] The light-stable beer typically contains the isocohumulone derived substance and
riboflavin in a weight ratio that does not exceed 100:1, more preferably in a weight ratio of 1:2
to 50:1, most preferably of 1:1 to 40:1.

[0059] The light-stable beer typically contains the isohumulone derived substance and
riboflavin in a weight ratio that does not exceed 160:1, more preferably in a weight ratio of 1:1
to 80:1, most preferably of 2:1 to 60:1.

[0060] The light-stable beer of the present invention typically contains at least 0.1 mg/l, more
preferably at least 0.3 mg/l, even more preferably at least 0.6 mg/l and most preferably at least
1 mg/l of iso-alpha acids. Typically the level of iso-alpha acids in the beer will not exceed 30
mg/l.

[0061] The one or more hop derived substances are preferably contained in the light-stable
beer in a concentration of at least 1%, more preferably of at least 3%, even more preferably at
least 5% and most preferably of at least 10% by weight of the iso-alpha acids that are also
contained in the beer.

[0062] The light-stable beer of the present invention typically contains less than 100 ng/l 3-
methyl-2-butene-1-thiol (3-MBT). Even more preferably the 3-MBT content is less than 50 ng/I,
most preferably less than 30 ng/l. The concentration of 3-MBT can suitably be determined by
means of the method described by Hughes et al. (Hughes P. S., Burke S. and Meacham A. E.
(1997) "Aspects of the lightstruck character of beer". Institute of Brewing, Proceedings of the
6th Central and South Africa Section, pp. 123-128).

[0063] A further aspect of the present invention relates to a process of preparing a beer as
defined herein before, said process comprising introducing a light-stable hop extract as defined
herein before.

[0064] The light-stable hop extract is preferably added to wort or beer before clarification, i.e.
before removal of entrained solids and yeast from the fermented beer. Typically, clarification of
fermented beer is achieved by means of filtration.

[0065] In the aforementioned process the light-stable hop extract is preferably introduced into
the wort or beer in a concentration of at least 2 mg/l, more preferably in a concentration of 5-
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200 mg/l, most preferably in a concentration of 10-150 mgl/l.

[0066] Following addition of the light-stable hop extract to the wort, the wort is subjected to
further processing steps, including:

o fermenting the wort with the help of brewer's yeast;
« clarifying the fermented beer; and
« packaging.

[0067] According to a particularly preferred embodiment, the pre-isomerised hop extract is
illuminated with light having a maximum intensity at a wavelength in the range of 200-800 nm,
more preferably in the range of 250-600 nm, most preferably of 300-500 nm.

[0068] The illumination intensity employed in the present process preferably exceeds 50 W/m?Z.
More preferably, said illumination intensity exceeds 100 W/m?, most preferably it exceeds 200
Wim?.

[0069] The pre-isomerised hop extract is typically illuminated with the aforementioned
illumination intensity for at least 30 minutes, more preferably for at least 1 hour and most
preferably for 2-48 hours.

[0070] During illumination the temperature of the hop extract typically remains within the range
of 0-100°C, more preferably of 15-80°C.

[0071] The inventors have found that particularly good results can be obtained if the pre-
isomerised hop extract is exposed to illumination after being diluted with water. Accordingly, in
accordance with a particularly preferred embodiment, the present method comprises the steps
of:

« diluting the pre-isomerised extract with water to produce an aqueous solution; and
¢ illuminating an aqueous solution of the pre-isomerised hop extract.

[0072] The aqueous diluted solution of the pre-isomerised hop extract typically has an iso-
alpha acid content in the range of 0.2-200 g/l, more preferably of 0.5-70 g/l and most
preferably 1-25 g/l when the illuminations starts.

[0073] The aqueous diluted solution of the pre-isomerised hop extract typically contains at
least 80 wt.% water. Even more preferably said dilution contains at least 90 wt.% water. Most

preferably, at least 95 wt.% water.

[0074] The invention is further illustrated by the following non-limiting examples.
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EXAMPLES

Method of determining the concentration of hop derived substances

[0075] The concentrations of 4 different hop derived substances represented by formula (I)
can be determined by means of UPLC-MS using the procedure described below. These 4 hop
derived substances include two isocohumulone derived substances (referred to as Co1 and
Co2) and two isohumulone derived substance (referred to as N1 and N2). Typical retention
times of these substances in the UPLC-MS method described below are listed below.

Substance Retention time (min.)
Co1 6.87
Co2 7.99
N1 9.08
N2 9.99

[0076] The mass spectra of these hop derived substances are shown in Figures 1-4.

[0077] The concentration of each hop derived substance is determined on the basis of
calibration curves for each of the hop derived substances. These hop derived substances can
be isolated in highly pure form from illuminated pre-isomerised hop extract by means of
preparative UPLC.

[0078] The calibration curves for the hop derived substances are determined using the
detector conditions described below.

[0079] The equipment, materials and conditions described below can be used to determine the
concentrations of the aforementioned hop derived substances.

Equipment:

[0080]

UPLC Acquity UPLC (Waters) equipped with a BEH C18 column (1.7 pm,
system: 2.1 mm x 150 mm; Waters product number: 186002353)

Detector: XEVO TQ-S mass spectrometer (Waters)

Chemicals:



[0081]

Milli-Q® Ultrapure Water
Acetonitrile =2 99.9% (JT-Baker: 9853-02)

Formic acid =2 98% (Sigma-Aldrich product number: 33015)

UPLC Instrument conditions:

[0082]

Column temperature: 60 °C

Injection volume: 1 uL

Sample temperature: 10 °C

Run time: 25 min

Eluent A = 1000 mL Ultrapure water + 1 mL formic acid

Eluent B = 1000 mL acetonitrile + 1 mL formic acid

DK/EP 3411468 T3

Gradient:

[0083]

Time (min) Flow (mL/min) %A %B
0.0 0.25 95 5
10 0.25 59 41
11 0.25 95

25 0.25 95

Detector conditions:
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[0084] Analytical method is set-up in negative scan mode (ES-) and Multiple Reaction
Monitoring (MRM) modes.

MS settings:

[0085]

Polarity ES-
Capilllary (kV) 2.5
Source Temperature (°C) 150
Desolvation temperature (°C) 600
Cone gas flow (L/Hr) 150
Desolvation gas flow (L/Hr) 1000
Collision gas flow (mL/min) 0.22

Multiple Reaction Monitoring (MRM) modes:

[0086]
Parent (m/z) Daughter (m/z) Coll (eV)

Co1 and Co2 267 195 20

N1 and N2 281 209 20

[0087] Samples are degassed prior to analysis.

Method of determining the concentration of riboflavin

[0088] The concentration of riboflavin in beer can be determined by means of UPLC-FLR
using equipment, materials and conditions as described below.

Equipment:

[0089]

UPLC
system:

Acquity UPLC (Waters) equipped with a BEH C18 column (1.7 pm,
2.1 mm x 150 mm; Waters product number: 186002353)
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Detector: Acquity Fluorescence (FLR) detector (Waters) §

Chemicals:

[0090]

Milli-Q® Ultrapure Water

Acetonitrile =2 99.9% (Sigma Aldrich product number: 34998)

Phosphoric acid 285.0% (Sigma Aldrich product number: 30417)

Riboflavin (Sigma Aldrich product number: R-7649)

Sodium dihydrogen phosphate monohydrate (Merck product number: 106346)

pH buffer 2.7 (7,5 g sodium dihydrogen phosphate monohydrate in 200 mL Ultrapure water + 1
mL Phosphoric acid in 1000 mL Ultrapure water)

UPLC instrument conditions:

[0091]

Column temperature: 40 °C
Injection volume: 10 pL
Sample temperature: 10 °C
Run time: 15 min

Eluens A = pH buffer 2.7

Eluens B = acetonitrile

Gradient:

[0092]
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Time (min) Flow (mL/min) %A %B
0.00 0.20 95 5
10.0 0.20 95 5
10.5 0.20 15 85
12.0 0.20 15 85
12.2 0.20 95 5
15.0 0.20 95 5

Detector conditions:

[0093]

Aex = 444 nm

Aem =525 nm

[0094] Samples are degassed prior to analysis.

Example 1

[0095] A pre-isomerised hop extract (so-called 'Isohop' obtained from Barth-Haas Group) was
used as a starting material. This hop extract had the following characteristics (according to the
product description sheet from Barth-Haas Group):

» contains 30 + 0.5 wt% iso-alpha acids
« contains < 0.7% alpha acids
¢ contains < 0.3% beta acids

[0096] The pre-isomerised hop extract was diluted with 'Milli-Q® Ultrapure Water' (1:50 wiw).
16 mL of the diluted hop extract was introduced into a glass tube with screw cap (Duran glass,
tube diameter is 16 mm, tube length is 160 mm). 30 of these glass tubes were simultaneously
illuminated for a period of 32 hours inside a Suntest XLS+ device (ATLAS), using a Xenon
lamp. During illumination, the following conditions were applicable:

s Power of Xenon lamp is 1700 W
» Tubes were horizontally positioned inside the Suntest XLS+ device
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» Distance between glass tubes and lamp is 25 cm

« Amount of irradiance at sample level was set at 765 W/m?2
« Temperature of diluted hop extract increases from ambient to circa 50°C (no cooling nor
heating was intentionally applied during illumination)

[0097] Before and after illumination, the concentrations of iso-alpha acids and hop derived
substances in the hop extract were determined. Determination of iso-alpha acids in the hop
extract was performed according to the method described by the European Brewery
Convention (EBC) in 2005: "Method 7.8: Iso-alpha-, alpha- and beta-acids in hops, hop powder
products and hop extracts (HPLC method)'. Determination of the concentration of the hop
derived substances in the extract was performed according to the method described above.
The results of these analyses are shown in Table 2:

Table 2
Hop derived substances
Iso-alpha
acids (mg/L) Co1 Co2 N1 N2 Sum
(mg/L) { (mg/L) § (mg/L) { (mg/L) ; (mg/L)

Hop Extract 5808 <0.01 <0.01 <0.01 <0.01 <0.01
Light-Stable 339 65 264 | 174 | 372 | 875
Hop Extract

Example 2

[0098] The illuminated and non-illuminated hop extracts of Example 1 were added to
unhopped beer (300 mL unhopped beer in green bottle). A first beer (reference beer) was
prepared by adding 20 mg/L of the non-illuminated hop extract. A second beer (light-stable
beer) was prepared by adding 60 mg/L of the illuminated hop extract. The illuminated hop
extract was applied in a higher concentration in order to compensate for the loss in bitter
intensity that had occurred as a result of the illumination. The flavour profile of the beer
containing the illuminated hop extract had a flavour profile that was very similar to that of the
beer containing the non-illuminated hop extract.

[0099] Both beers were exposed to artificial sunlight by putting the bottles horizontally in the
Suntest XLS+ device and illuminating them for a period of 24 hours. During illumination, the
same conditions were applied as in Example 1.

[0100] Before and during exposure to the artificial sunlight the concentrations of the following
substances were determined in both beers:

» the hop derived substances of formula (1),
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» iso-alpha acids,
e riboflavin, and
+ 3-MBT.

[0101] Determination of iso-alpha acids in beer was performed according to the method
described by the American Society of Brewing Chemists (ASBC) in 2009 (Methods of Analysis,
14th Edition): "Method Beer 23 (section E: Iso-alpha acids in beer by HPLC)'. The 3-MBT
content was determined using the method described by Hughes et al. (Aspects of the
lightstruck character of beer'. Institute of Brewing, Proceedings of the 6th Central and South
Africa Section (1997), pp. 123-128). Determination of the concentration of the hop derived
substances and riboflavin in beer was performed according to the methods described above.

[0102] The results of these analyses are summarised in Table 3:

Table 3
Iso- Hop derived substances
alpha Riboflavin] MBT
acids i Co1 Co2 N1 N2 Sum (ug/L) 1§ (ng/L)
(mgiL) | (mg/L) | (mg/L) |(mgiL)| (mg/L)]| (L)
Reference
beer
Ot g0 1 <001 | <001 1 <0011 <0011 <0.01 318 7
illumination
o 2ht yes 1001 | 002 10031004 011 16 309
illumination
BN 78 1005 | 008101110151 039 2.8 660
illumination
24h
28N 50 1019 1 028 1042 1 0541 142 0.3 2072
illumination
Light-
stable
beer
Ot 45 1 053 1 232 11651 3541 804 313 8
illumination
2ht 4 L 056 | 229 116613451 7.95 15 74
illumination
Bt 4o Vo061 | 220 1177 13201 787 2.0 137
illumination
24h
2 36 | 086 | 219 121813181 841 04 506
illumination
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Patentkrav

1. @1 omfattende lysstabil humleekstrakt, hvilken @l indeholder mindst 40 ug/I
riboflavin og mindst 0,1 mg/l af et eller flere humleafledte stoffer repraesenteret

ved formel (1):
HO

Tf;"
A
26

hvor R = -CH(CHB3)2, -CH(CH3)CH2CHs3 eller -CH2CH(CHs3)2.

2. QI ifelge krav 1, hvor gllet indeholder mindst 0,2 mg/I, fortrinsvis mindst 0,4

mg/l, mere fortrinsvis mindst 1 mg/l af de et eller flere humleafledte stoffer.

3. Dl ifglge krav 1 eller 2, hvor gllet ikke indeholder mere end 50 mg/I, fortrins-
vis ikke mere end 40 mg/l, mere fortrinsvis ikke mere end 30 mg/l af de et eller

flere humleafledte stoffer.

4. Q| ifelge et hvilket som helst af de foregaende krav, hvor gllet indeholder
mindst 60 ug/l, fortrinsvis 80-2.000 ug/l riboflavin.

5. QI ifelge et hvilket som helst af de foregaende krav, hvor de en eller flere
humleafledte stoffer og riboflavin er til stede i et veegtforhold, der ikke oversti-

ger 200:1, fortrinsvis i et veegtforhold, der er i omradet fra 1:1 til 100:1.

6. QI ifelge et hvilket som helst af de foregaende krav, hvor allet indeholder

mindst 0,1 mg/l, fortrinsvis mindst 0,3 mg/l, mere fortrinsvis mindst 0,6 mg/I
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iso-alfa-syrer.

7. Q| ifelge krav 6, hvor gllet indeholder mindst 1%, mere foretrukket mindst
3% og mest foretrukket mindst 5 veegt% af iso-alfa-syrerne af de humleafledte

stoffer.

8. Lysstabil humleekstrakt, der omfatter mindst 1 g pr. kg terstof af et eller flere

humleafledte stoffer repreesenteret ved falgende formel (I):
HO e

\Tf/
Qa"f T, /_j
RN

-0

R0
hvor R = -CH(CHs)z2, -CH(CH3)CH2CHjs eller -CH2CH(CHs)2.

9. Humleekstrakt ifalge krav 8, hvor humleekstrakten indeholder det ene eller
flere humleafledte stoffer i en koncentration pa mindst 3 g pr. kg terstof, for-
trinsvis i en koncentration pa mindst 6 g pr. kg terstof og mere fortrinsvis pa

mindst 10 g pr. kg terstof.

10. Humleekstrakt ifelge krav 8 eller 9, hvor humleekstrakten indeholder
mindst 1%, mere foretrukket mindst 3% og mest fortrinsvis mindst 5 veegt% af

iso-alfasyrerne af den ene eller flere humleafledte stoffer.

11. Humleekstrakt ifalge et hvilket som helst af kravene 8-10, hvor humleeks-

trakten indeholder mindst 1 veegt% iso-alfasyrer af tarstof.
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12. Humleekstrakt ifalge et hvilket som helst af kravene 8-11, hvor humleeks-
trakten indeholder alfa-syrer i en koncentration pa 0-10 veegt-% terstof, for-

trinsvis 0-3 veegt-% terstof og mere fortrinsvis 0,01-2 veegt-% taerstof.

13. Humleekstrakt ifalge et hvilket som helst af kravene 8-12, hvor humleeks-
trakten indeholder beta-syrer i en koncentration pa 0-10 veegt% terstof, for-

trinsvis 0-5 veegt% terstof.

14. Humleekstrakt ifalge et hvilket som helst af kravene 8-13, hvor humleeks-
trakten indeholder reducerede iso-alfa-syrer i en koncentration, der ikke over-
stiger 10 veegt-% af iso-alfa-syrerne, fortrinsvis ikke overstiger 3 veegt-% af
iso-alfa-syrer; de reducerede iso-alfa-syrer er valgt blandt dinydro-iso-alfa-sy-

rer, tetrahydro-iso-alfa-syrer, hexahydro-iso-alfa-syrer og kombinationer deraf.

15. Fremgangsmade til fremstilling af en @l, hvilken fremgangsmade omfatter

at indfgre en humleekstrakt ifalge et hvilket som helst af kravene 8-14.
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Fig. 2
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Fig. 4
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