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Differential spectroscopy and beer ageing

Therole of quinonesin the beer oxidation was studied by both differential spectroscopy and photobleached methylene blue
reoxidation. Juglone, p-benzoquinone and ubiquinone 0 wer e added to beer that was pasteurised in the presence or absence
of oxygen. Quinones had catalytic effect in the cour se of beer oxidation by air. Oxygen is consumed by beer in a short time
but beer ageing continuesin the absence of oxygen. Possible anaer obic mechanism of beer ageing may involve oxidative
action of quinones or peroxides, anaer obic Fenton reaction or additional effect of oxygen ingressthrough crown.
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(Descriptors: beer ageing, differential spectroscopy, quinones,
oxygen radicals, Fenton reaction.

Deskriptoren: Bieralterung, Differential spektroskopie, Chinone,
Sauerstoffradikale, Fenton-Reaktion).

1 Introduction

Beer colour has often been used as an important beer quality
attribute. Spectroscopy measurement at 430 nm in 1 cm glass
cuvette against distilled water was recommended for laboratory
routineobtai ning beer colour by standard referencemethod (SRM).
Thebeer colour valuein EBC unitshasbeen obtai ned multiplying
absorbance by 25.

Thisvalueis being replaced by some form of tristimulus measu-
rement asamean of colour interpretation. Thecolour isconceived
asaproduct of threedistinguishableproperties, namely hue, value
and chromato be able to express consumer’ s view more exactly.

Visual testsreveal ed that beerswith the same EBC colours could
bedistinguished by observersaswell aswiththehelp of CIELAB
colour space coordinates. Smedley measured visible spectra of
bright beers within 350 — 750 nm comparing CIE L*a*b* values
and their difference D Ea,b to discriminate similar beers with the
same EBC colours (1).

It hascommonly been believed that beer colour reading at 430 nm
responds mostly to melanoidinswhile polyphenolsabsorb at long
wavelengths and that beer colour increases during ageing.

A ratio of absorbance at 465 nm to 550 nm (A465:A550) was
reported to be a useful index of wort and beer oxidation and
sensitivity of the method increased by long optical pathincylind-
rical 5 or 10 cm cuvette. Decrease in colour ratio reflected the
extent of cumulative beer oxidation. Colour ratio hasprovento be
asensitiveindex of beer oxidationaswell. SRM beer colour at 430
nm measured in long path cuvette was also shown to be a very
useful parameter increasing with beer age (2).

Pfenninger and Meir proved close correlation (r = 0.891) between
increasing beer colour obtained by beer heating with radical
initiator peroxodisulfate and beer haze resulting from laboratory
forcing test (3).
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Figures see Appendix

In the previous study we used differential spectroscopy between
380 and 600 nm for the beer compoundsresistance against natural
aswell asradical oxidation (4). Thistechniqueallowedtorecogni-
se very small changes of the beer absorption spectra.

In the course of beer oxidation the catalysers enable the oxygen
reduction resulting in free oxygen radicals formation. The new
efficient method was devel oped to determine radical s generation
using photobleached methylene blue reoxidation (5).

2 Experimental procedures
2.1 Chemicals

Stock solutions: methylene blue (1000 mg/l), ascorbic acid (1 %)
and hydrogen peroxide (1000 mg/l) were prepared by dissolving
of the componentsin deionised water. Hydrogen peroxide stock
solution was further diluted by deionised water to get other stock
solutions (10 and 100 mg/l) before their using. The potassium
dichromate (0.2 g) wasdissolvedin dei onised water, concentrated
sulphuricacid (0.245 ml) added and filled with dei onised water up
to 1000 ml. Ubiquinone 0 (2,3-dimethoxy-5-methyl-1,4-benzo-
quinone), p-benzoquinone and juglone (5-hydroxy-1,4-naphtho-
quinone) were prepared by dissolving in 96% ethanol (1000
mg/l). All chemicals were obtained from Sigma Aldrich.

2.2 Aerated and deaerated beer

A cold bottle of beer (5 °C) from the bottling line was opened and
the unpasteurized beer poured down along the wall into 150 ml
Erlenmeyer flask prefilled with nitrogen entering through a hy-
podermic needle placed between the flask neck and the rubber
stopper. The beer (100 ml) was purged by nitrogen bubbling for
30 min, the needle removed and the flask tightly closed. This
sample was stored at 5 °C and used as a blank for several hours.
The content of dissolved oxygen in deaerated beer was less than
0.05 mgl/l.

The aerated beer containing about 7 mg/l of oxygen was prepared
by purging of the same beer with air instead of nitrogen.

2.3 Differential beer spectra

Thestarting beer spectrum (baseline) wasmeasuredin rectangul ar
glass cuvette (5 cm) between 380 and 580 nm against distilled
water, the absorption curve recorded and wavel ength/absorbance
pairsloadedinto database. The same procedurewasused to obtain
wavel ength/absorbance values of sample. Differential spectrum
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was obtained as the difference between sample and baseline
absorbance values transformed into graph.

2.4 Spectral changesduring beer pasteurisation

Theflaskswith aerated or deaerated beers were placed into water
bath and heated at 60 °C for 1to 4 hours, then removed and cooled
by cold tap water. Differential spectra were measured against
nitrogen beer purged by nitrogen (Fig. 1).

2.5 Spectral changesduring beer pasteurisation with the hydrogen
peroxide addition

Stock solutions of hydrogen peroxide aswell asthe same amount
of deionised water were added to beer (1:100) before pasteurisa-
tionto get final concentration 0.1, 1.0 and 10.0 mg/l of H,O,. The
flasks with aerated or deaerated beers were placed into a water
bath and heated 1 hat 60°C, then removed and cool ed by tap water.
Differential spectrawere measured against beer purged by nitro-
gen (Fig. 2).

2.6 Spectral changes during beer pasteurisation with the quinone
addition

Stock solutions of quinonesin ethanol aswell asthe same amount
of 96% ethanol were added to beer (1:100) before pasteurisation
to get final concentration 10.0 mg/l of quinone. The flasks with
aerated or deaerated beerswere placed into water bath and heated
1 hat 60 °C, then removed and cooled by tap water. Differential
spectrawere measured against beer purged by nitrogen (Fig.3).

2.7 Spectral changesduring bottled beer ageing

Bottled unpasteurized beer from the bottling line (total oxygen
content in a package about 50 ppb) was stored at 20 and 45 °C for
1to 7 weeks, then the bottleswere opened and differential spectra
measured against blank purged by nitrogen purged immediately
after bottling (Figs. 4, 5).

2.8 Differential spectra measurement repeatability

The starting spectrum (baseline) of potassium dichromate stock
solution was measured in rectangular glass cuvette (5 cm) be-
tween 380 and 580 nm against distilled water and the measure-
ment repeated during storage of thissolution at 20°Cindark. The
starting beer spectrum is also showed for a comparison (Fig. 6).

2.9 Reoxidation of the photobleached methylene blue

Thebeer or dei onised water (4.9 ml) with Cu?* or quinoneaddition
was bubbled by nitrogen or air (30 min). The nitrogen was
introduced into round cuvette through the syringe needle placed
between the rubber stopper and the cuvette neck. The ascorbic
acid (50 ul) and methyleneblue (50 ul) stock solutionswereadded
then another minute bubbled, the needle removed and cuvette
tightly sealed. In paralléel trial was nitrogen replaced by air.

The cuvettes were illuminated with a halogen bulb (50 W) from
the distance of 5cm for 5to 10 sthen moved into spectrophotom-
eter chamber and the absorbance measured at 666 nm recorded in
one-minute intervals (Figs. 7,8). This procedure differs dlightly
from that previously designed using 2.5 min time intervals (5).

2.10 Instruments

CADAS 200 spectrophotemeter (Dr. Lange, Germany) was used
with 1 cm round cuvette or 5 cm rectangular glass cuvette using
distilled water as ablank.

3 Resultsand discussion

Differential spectroscopy is a useful technique for recognizing
small colour changes during beer processing and ageing. In our
experiments 5 cm optical path offered much greater sensitivity
and reproducibility than standard 1 cm. The method was able to
differentiate between aerated and deaerated beer in the course of
laboratory pasteurisation. The differential spectra showed the
increase of absorbance at 410 — 420 nm (first differential maxi-
mum — FDM) and second differential maximum (SDM) at 500 —
520 nm (Fig. 1).

The formation of hydrogen peroxide during beer oxidation/heat-
ing has often been reported (6). The addition of the hydrogen
peroxide made the spectramore distinctiveincreasing both maxi-
ma at heated beer with 0.1 and 1.0 mg/l hydrogen peroxide but
decreasing the FDM in deaerated beer with high hydrogen perox-
idedosage (10 mg/l). Inthe presenceof air both maximaincreased
even at high H,O, dosage, which witnesses the different mecha-
nism of H,0, acting.

On the other hand the FDM decrease could a so been recognised
after addition of reducing compounds such as ascorbic acid into
aerated or deaerated beer. It is difficult to differentiate between
reduction and oxidative degradation of colour compoundstaking
part in FDM and SDM without knowing their composition.

Some organic dyes (e.g. indigo carmine) added to beer can be
destroyed only on condition that oxygen is present while other
dyes(e.g. methyl red) needed anaerobic conditions. The presence
of hydrogen is supposed in both cases (7). It seemsthat there are
two mechanisms of hydrogen peroxide action depending on the
presenceof oxygen. Intheabsenceof oxygenthemethyl red might
undergo radical reduction. Some reduction products (e.g. furfur-
ylacohol) haveoften been found together with oxidationones(e.g.
furfuraldehyde) in aged beer.

Hydrogen peroxide can be formed during air oxidation of many
natural compoundssuch asascorbicacid or quinones. Itissurpris-
ing that even industrial production of hydrogen peroxide uses
processes featuring catal ytic hydrogenation followed by autoox-
idation of a suitable organic carrier molecule, predominantly an
akylated anthroquinone, although an efficient natural catalyser
juglone containing naphthoquinone is not present in beer (8).

Theoxidation pathway of thevolatilea dehydesformationiswell
documented now. Oxidation of phenylalanine in a solution con-
taining ascorbic acid as an example of reductone indicated that
effective oxidation under the experimental condition requires not
only oxygen but also an activating agent such astransition metals.
It was suggested that similar mechanismsmight beinvolvedinthe
oxidation of amino acids in ageing beer leading to the formation
of volatile aldehydes associated with off-flavour (9). This mech-
anism is able to explain both hydrogen peroxide formation and
aerobic Fenton reaction providing volatile carbonyl compounds
from aminoacids and/or alcohols.

Recently Qian and Buettner discovered that pre-existing hydro-
gen peroxideisonly aminor initiator of free-radical oxidationand
that themajor initiatorsof biological free-radical oxidationarethe
oxidising species formed by the reaction of Fe?* with dioxygen.




3 February, 2004

Monatsschrift fiir Brauwissenschaft

They also confirmed different mechanism of aerobic or anaerobic
Fenton reaction, which depends on O,/H,O, concentration ratio
(10).

The Fenton reaction catalysed by transition metals plays an
important role in beer ageing but other catalysers can also occur.
The quinones have been reported as natural catalysers accelerat-
ing ascorbic acid destruction.

Quinones are important natural compounds having the ability to
damage hiological targets. The reduction of quinones resultsin
the formation of semiquinones followed by reactive oxygen
species generation. This non-enzymatic redox cycling may occur
due to quinones interaction with ubiquitous bioreductants most
notable ascorbic acid (11).

Ascorbic acid can serve as an example of reductones, which are
compounds naturally present in beer. The addition of quinones
showed similar changesto those observed during beer pasteurisa-
tion in the presence or absence of hydrogen peroxide (Fig.1—3).

The possible mechanism of quinones action can comprise:

0 Catalytic effect in the course of oxygen reduction;
O direct oxidation of natural beer compounds;
O hydrogen peroxide formation.

Theratio between quinones/semiquinones/hydroquinones can be
changed during beer production including yeast reduction or beer
oxidation.

Quinones can be formed by natural oxidation of polyphenols
present in beer, which could explain possible positive or negative
role of polyphenols in beer. In a model solution photocatalytic
oxidation of p-benzoquinone provided partly hydroquinone, part-
ly unidendified oxidised products (12).

Thebeer spectral changeswerefollowed during beer ageing. The
differential spectroscopy was able to recognise colour changes
during beer ageing at 20 and 45 °C (Figs. 4, 5).

The repeatability of the differential spectroscopy was studied
using comparative measurement of the potassium dichromate
solution. Therepeatability of thedifferential techniquewasexcel-
lent intherange above 400 nm although the unexpected decreases
between 380 to 400 nm could also been observed similar to those
of beer. There aretwo possible reasonsfor the explanation of this
phenomenon: (i) low sensitivity of spectrophotometer at high
level of theabsorbance, (ii) changesduring potassium dichromate
storage. Other experiments will be needed to recognise between
(1) and (ii).

There are two common techniques used in beer differential
spectroscopy. Our procedure is based on digit operation with
wavelength/absorbance pairs from the database. We used the
starting spectrum (baseline) recorded against distilled water with
the following computer subtraction from the sample spectrum
digital record.

The second techniqueisbased on starting beer spectrum measure-
ment, which is used as a blank zeroing the spectrophotometer
against beer instead of distilled water. The all-absorbance values
in beer spectrum obtain zero absorbance values and the changes
aremeasured against them. Thismore sensitive procedureismore
suitable for short time measurement not allowing to obtain the
starting spectrum curve.

The catalytic effect of quinones was aso studied with photob-
leached methylene blue reoxidation (Fig. 7, 8). Visible light
strongly accel erates conversion of methylene blue into itsleuco-

form, whichisreoxidised by oxygen radical sformation caused by
oxygen reduction present in the sample (5).

The range of photobleached methylene blue reoxidation was
dependent on the kind of quinones, some of them being compa-
rable with the addition of Cu?* (0.1 mg/l) or natural beer reoxida-
tion activity (5,9). The higher effect of other quinones could be
reached by increasing their concentration up to 20— 50 mg/l. The
reoxidation activity of the beer exposed to air also gradually
increased (data not shown).

Webelievethat thisaerobic mechanism comprisesthe substantial
part of beer ageing. Beer reductones are oxidised by oxygen
providing oxygen radicals taking part in oxidation of amino-
acids, alcohols, sugarsand other compounds. Thisreaction canbe
catalysed by anorganic or organic catalysers presented in beer.
We have also found that the effect of catalysers can combine
mutually.

On the other hand the oxygen is consumed by beer in relatively
short time but the ageing continues after oxygen consumption.
Anaerobic ageing must be taken into account based on com-
pounds storing active oxygen such as organic peroxides or qui-
nones, which can act as catalysers or oxidating agents as well.

The hydrogen peroxide can easily degrade various organic com-
pounds providing other accelerators or inhibitors of the radical
oxidation (7). The other explanation of the anaerobic ageing is
based on the oxygeningressthrough beer package closures, which
has been repeatedly proved. The daily intake of oxygen through
commercialy produced crowns is approximately about 0.001 —
0.002 ml O,/day, which presents 0.28 — 0.56 ug O,/day(13).

4 Conclusions

O Differential spectroscopy is a useful technique recognising
small colour changes during beer processing and ageing.

O Hydrogen peroxide is supposed to be formed during air
oxidation of natural compounds such as reductones or qui-
nones.

O Thevolatile aldehyde formation requires oxygen and activat-
ing agent such astransition metal or an organic catalyser.

O Thequinonesactioncan comprisecatalytic effectinthecourse
of oxygen reduction, direct oxidation of natural beer com-
pounds or hydrogen peroxide formation.

O The balance between quinones/semiquinones’hydroquinones
can play an important role in beer ageing.

0 Beer ageing is based on oxygen oxidation of reductones,
which is accelerated by anorganic or/and organic catalysers.

0 Beer ageing continues after oxygen consumption. Anaerobic
ageing may be based on oxygen binding compounds such as
organic peroxides or quinones.

O Theadditional effect of oxygeningressthrough crown closure
can also be involved

O There are different mechanisms of the aerobic or anaerobic
Fenton reaction. Radical reduction could also participate.

5 Summary

The role of quinones in the beer oxidation was studied by both
differential spectroscopy and photobleached methylene blue re-
oxidation. Juglone, p-benzoquinone and ubi quinone 0 were added
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to beer that was pasteurised in the presence or absence of oxygen.
Quinoneshad catalytic effect inthecourseof beer oxidationby air.
Oxygen is consumed by beer in a short time but beer ageing
continues in the absence of oxygen. Possible anaerobic mecha-
nism of beer ageing may involve oxidative action of quinones or
peroxides, anaerobic Fenton reaction or additional effect of oxy-
gen ingress through crown.

6 Zusammenfassung/Résumé

Savel, J.: Differential-Spektroskopie und Bieralterung 0 Monats-
schrift fir Brauwissenschaft 57, February, 1- 7, 2003.

BC 36 Bier/25 Bier

Die Rolle der Quinone bel der Bieroxidation wurde sowohl anhand von
Differential Spektroskopie als auch mit der Methylenblau-Reoxidation
untersucht. Juglon, p-Benzoquinon und Ubiquinon O wurden dem Bier
zugeflgt, welches in Gegenwart oder Abwesenheit von Sauerstoff pas-
teurisiert wurde. Quinone Uibten einen katalytischen Effekt wahrend der
Bieroxidationmit L uft aus. Sauerstoff wirdinnerhalb kurzer Zeit von Bier
verbraucht, jedoch geht die Bieralterung auch ohne Sauerstoff weiter.
Mogliche anaerobe Mechanismen der Bieraterung kdnnten oxidative
Reaktionen von Quinonen oder Peroxyden einschlief3en oder auch eine
anaerobe Fenton-Reaktion oder Zusatzeffekte durch Sauerstoffeintrag
Uber den Kronkorken.

Savel, J.: Spectroscopiedifférentielle et vielllissement delabiered
Monatsschrift flr Brauwissenschaft 57, February, 1 —7, 2003.

BC 36 Biere/l25Biere

Onaexaminéleréledesquinonesau coursdel’ oxydationdelabiéred’ une
part avec laspectroscopiedifférentielle et d’ autre part avec ré-oxydation
au bleu de méthyléne. On agjouté de lajugulone, delap- benzoquinone
etdel’ ubiquinonealabiérequi aété pasteuri séeen présenceet en absence
d oxygene. Lesquinonesexercaient uneffet catal ytiquependant|’ oxydation
al’ar de la biére. L' oxygéne est consommé rapidement par la biére;
toutefois le vieillissement de la biére se poursuit sans oxygene. Il y a
d’ autres mécanismes anaérobies possibles du vieillissement de labiére,

par exemple les réactions d’ oxydation de quinones ou de peroxydes ou
une réaction anaérobie de Fenton ou effet d’addition par introduction
d’ oxygeéne par le bouchon couronne.
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Fig. 4 Differential spectra of the bottled
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