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ZMENY BARVY PRI STARNUTI PIVA

COLOUR CHANGES DURING BEER AGING

JAN SAVEL, PETR KOSIN, ADAM BROZ, Budgjovicky Budvar, n. p., Karoliny Svétié 4,
370 21 Ceské Budéjovice; e-mail: savel @ original-budweiser.cz

Savel, J. — Kosin, P. — Broz, A.: Zmény barvy pf¥i starnuti piva. Kvasny Prum. 54, 2008, &. 2, s. 30-37.

Studovaly se zmény spekter Zlutych, oranzovych a Zluto€ervenych oxida¢nich produktll epikatechinu s typickym absorpénim maximem
v okoli 430 nm. K neenzymové tvorbé téchto latek je nutny kyslik, a jejich tvorba se zvySuje s rostoucim pH a koncentraci kov(i Fe2* a Cu?*.
Z téchto divodl vznikaji barevné produkty snéze ve vodé vodovodni, nez deionizované. Vznikla barviva se mohou ¢aste¢né odbarvovat s kle-
sajicim pH a rostouci koncentraci redukujicich latek. Jednou vytvofené barevné latky nelze zcela vratné zredukovat, ¢emuz odpovida model
¢aste¢né vratné oxidaéné-redukéni reakce a postupné narustani barvy modelovych roztok( i piva v aerobnim i anaerobnim prostfedi. Oxi-
dované polyfenoly i reduktony mohou pfi redukci poskytovat dali oxida¢ni ¢inidla, napf. radikaly semichinond a reduktond, jejichz vzajem-
nymi reakcemi nevratné vznikaji dalsi barevné produkty. Vzajemné reakce mezi oxidovanymi polyfenoly a reduktony Ize urychlit ozafenim vi-
ditelnym svétlem a potom sledovat diferenéni spektrofotometrii.

Savel, J. — Kosin, P. — Broz, A.: Colour changes during beer aging. Kvasny Prum. 54, 2008, No. 2, p. 30-37.

Spectrum changes of yellow, orange and yellow-red oxidation products of epicatechin with their typical absorption maximum around 430 nm
were studied. Oxygen is necessary for the non-enzymatic formation of these substances and their formation increases with growing pH va-
lue and Fe?* and Cu?* concentration.

Based on the a.m. reasons, colour products are formed more easily in tap water than in deionized one. The colour substances formed can
partially discolour with falling pH value and increasing concentration of reducing substances. Colour substances once formed cannot be fully
reversibly reduced, which corresponds to the model of a partially reversible oxidation-reduction reaction and gradual colour increasing of mo-
del solutions as well as beer in both aerobic and anaerobic conditions.

Oxidized polyphenols as well as reductones can provide further oxidizing agents during the reduction process, such as semiquinone and
reductone radicals and further colour substances are formed as a result of their mutual reactions.

Mutual reactions between oxidized polyphenols and reductones can be speeded up by the effect of visible radiation and then observed by
differential spectrophotometry.

Savel, J. - Kosin, P. - Broz, A.: Die Farbendnderungen beim Bieralterungsprozess. Kvasny Prum. 54, 2008, Nr. 2, S. 30-37.

Es wurden die Spektrumsénderungen von Gelb-, Orangen-, Gelbrotoxidationsprodukten des Epikatechins mit einem typischen Absorbti-
onsmaximum im Bereich 430 nm studiert. Zur nicht enzymatischen Bildung von diesen Stoffen ist notwendig Sauerstoff, ihre Bildung nimmt
mit einem wachsenden pH — Wert und der Fe?* und Cu?+* Metallkonzentration zu. Aus diesen Griinden entstehen die Farbprodukte einfacher
im Wasser aus der Wasserleitung als im deionisierten Wasser. Mit einem abnehmenden pH — Wert und einer zunehmenden Konzentration
von reduzierenden Stoffen kdnnen die entstehende Farbstoffe teilweise entfarbt werden. Schon gebildete Farbstoffen kdnnen véllig rick-
gangig nicht reduziert werden, dazu ein Modell einer riickgangigen oxidation-reduzierenden Teilreaktion gleichzeitig mit einem allmahlichen
Farbenanstieg von Modell- und Bierldsungen im Aerob- und Unaerobmilieu entspricht. Bei der Reduktion kdnnen die oxidierte Polyphenols
und Reduktons weitere Oxidationsmittel entstehen lassen, zum Beispiel Semichinonradikals und Reduktons. Durch eine gegenseitgie Re-
aktion von diesen Stoffen bilden irreversibele Farbprodukte. Durch eine Bestrahlung mit einem sichtbaren Licht kann die gegenseitige Re-
aktion unter den oxidierten Polyphenols und Reduktons beschleunigt werden und dann die Differenzspektrophotometrie zu verfolgen.

LWaBen, A. — KowwuH, IN. — Bpox, A.: NepemeHbl LBeTa BO BpeMs cTapeHusi nuBa. Kvasny Prum. 54, 2008, Ho. 2, ctp. 30-37.

CTaTbs 3aHUMaeTCs U3MEHEHMEM CMEeKTPOB >XENTbIX, OPaHXEBbIX U >XXENTO-KPACHbIX OKUCIUTENbHbLIX NPOAYKTOB 3nMKaTexumHa C
TUNWYHBIM MakcumoM abcopnuyumn okono 430 nm. K He-(hbepMEeHTHOMY CO3[4aHMI0 3TUX BeLecTB HEOOXOA4MM KUCIOpO4, N NX co3haHune
BO3pacTaeT ¢ Bo3pacTarlwmum pH 1 KoHueHTpauuern metannos Fe?*n Cu?*. Mo Ton npmynHe o6pasytoTcs pa3HOLBETHbIE NPOAYKTbI flydlle
B BOAE BOAOBOAHON, YeM AenoHn3npoBaHHon. Obpa3oBaHHbIe KpacuTenyu MoryT 4acTU4HO obecLBevmBaTbCs € MOHWXaowmmes pH n ¢
BO3pacTaloLen KoOHLeHTpaumen pegyumpyowmx sewects. OavH pa3 o6pa3oBaHHbIe LiBETHbIE BELeCTBa HeMb3s NOMHOCTHIO BO3BPATHO
BOCCTAHOBJINTb, YeMy OTBEYaeT MoAeslb YHaCTUHHO BO3BPATHOW OKMUCIIUTENbHO-BOCCTAHOBUTENbHOWN peakLumn 1 NOCTeNeHHble MOBbILLEHNe
LiBeTa MOAesbHbIX PacTBOPOB M NBa B 23PO6HbLIX U aHA3PO6HbIX ycnoBusax. OKenanpoBaHHblie NonMdeHo bl U peAyKTOHbI MOTyT B TeHEHUe
BOCCTaHOBJIEHUS NPeJoCTaBNATb APYre OKUCIUTENbHbIE PeakTUBbI, Hanp. pagmkanbl CEMUXMHOHOB Y PedyKTOHOB, peakLMsaMN KOTOPbIX
HeobpaTUMO BO3HMKAIOT MOCreayolwme LBeTHble MpoAyKThl. B3auMmHble peakuuyn MexXay OKCUAMPOBaHHbIMK nonudeHonamm u
pefyKTOHamM BO3MOXXHO YCKOPUTb 06/1y4eHnemM BUAMMbIM CBETOM M fanee Habmoaatb avddepeHumanbHon cnekTpooToMeTpren.

Klicova slova: epikatechin, polyfenoly, reduktony, barva piva, star-
nuti, diferencni spektrofotometrie, neenzymova oxidace, vratné a ne-
vratné reakce

1 UvoD

Zmeény barvy potravin pfi jejich skladovani se vykladaji rznymi me-
chanismy chemickych pfemén. Obvykle se uvazuji enzymova a ne-
enzymova oxidace polyfenold a/nebo vznik melanoidnich latek [1].
Podobné se chova i pivo, které starnutim hnédne za tvorby neza-
doucich chutovych produktll. V Gvahu je nutné vzit vznik barevnych
karameliza¢nich latek, zejména pfi rmutovani a vareni mladiny [2].

Ackoliv poc¢ate¢ni reakéni mechanismus téchto reakci je dobre
znam, malo detailnich informaci se v literatufe ziska o dalSich stup-
nich tvorby barevnych produktd. U polyfenoll se nejcastéji uvadéji
barevné oxidaéni produkty katechinu, u sacharid karamelizaéni nebo
melanoidni pigmenty.

Enzymové i neenzymové oxidovany katechin vykazuje typicky ab-
sorpéni pas s maximem okolo 430 nm. Barevné produkty se mohou

Keywords: epicatechin, polyphenols, reductones, beer colour, age-
ing, differential spectrophotometry, non-enzymatic oxidation, rever-
sible and irreversible reactions

1 INTRODUCTION

Food colour changes during storage are explained by various me-
chanisms of chemical changes. Usually, enzymatic as well as non-
enzymatic oxidations of phenols and/or formation of melanoid sub-
stances are considered [1]. Similar changes can be found in beer as
well, which becomes brown by ageing, forming undesirable gustatory
products). Colour substances of caramelization formed especially du-
ring mashing and hopped wort boiling should be taken in account,
too [2].

Although initial reaction mechanisms of these reactions are known
well, there is little detailed information on further stages of colour pro-
duct formation that could be found in literature. Mostly, colour pro-
ducts of catechin oxidation for polyphenols and caramelization pro-
ducts or melanoid pigments for saccharides are described.
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kombinovat s dalSimi latkami, jako jsou rozkladné produkty sacha-
rid(i nebo acetaldehyd [3, 4].

Vétsinou se tvorba barevnych sloucenin studuje za aerobnich pod-
minek. Také pivo rychle starne za pfitomnosti kysliku, ale tento pro-
ces se jeho vyCerpanim nezastavi. Kromé toho by nasledné méla
barva piva za anaerobnich podminek klesat plisobenim redukujicich
latek. Do skladovaného piva mlze pronikat kyslik i netésnostmi uza-
véru nebo prostupnosti obalu, ale ani tento vliv nemuze vysvétlit roz-
sah a rychlost nezadoucich zmén. Aplikace latek pohlcujicich kyslik
do uzavéru obalul starnuti piva nezastavi.

Podobné nejasnosti se tykaji i antioxida¢niho plsobeni redukton(
a polyfenolli [5, 6]. Po vymizeni kysliku v pivu trvale pfevlada redukéni
prostfedi, které by mélo silné potlaovat dalsi oxidani zmény. Casto
se zastanci antioxida¢niho plsobeni redukton(i a polyfenoll utkavaji
se zastanci teorie vzniku nebezpecnych radikalll z jejich oxidovanych
forem plsobenim redukton(l.

Kromé toho se uvadi tvorba peroxidu vodiku béhem oxidace poly-
fenold vzdusnym kyslikem [7]. VétSina téchto reakci vyzaduje kyslik,
i kdyz samotny rozklad peroxidu vodiku mlze probihat i anaerobné.

Vétsina autort se shoduje v tom, Ze rozkladné produkty sacharidd,
melanoidiny i oxidované polyfenoly mohou zplsobovat senzorické
starnuti piva za pfitomnosti kysliku oxidaci aminokyselin a vy$$ich al-
koholt [8, 9].

DalSi zékladni teorie starnuti piva se zaklada na oxida¢nim roz-
kladu lipidd a mastnych kyselin, probihajicim pfes tvorbu hydroper-
oxidu. Naproti tomu se jen vzacné jednotlivé prace zabyvaji starnu-
tim za anaerobnich podminek [10]. Tyto aerobni oxidaéni teorie se
opiraji o negativni pusobeni reaktivnich druhl kysliku. Pfitom exi-
stence anaerobnich degradaci slozitéjSich latek na jednodussi je v pfi-
rodé velmi roz8ifena u anaerobnich nebo fakultativné aerobnich mik-
roorganismu a jejich starnuti svéd¢i o vyznamné slozce anaerobnich
procesu v zivé burice.

Klicovymi reakcemi pfi starnuti piva jsou Streckerova oxidace
a Maillardova reakce, objevené davno pred priikazem kyslikovych ra-
dikalG. Obé reakce mohou probihat za anaerobnich podminek, i kdyz
pfitomnost kysliku vétSinou jejich pribéh urychluje. Podobné je tomu
i u Fentonovy reakce, ktera je tfeti vyznamnou reakci pfi starnuti piva.

Tato prace se pokousi porovnat priibéh barevnych zmén pfi star-
nuti piva a modelovych roztoku. ProtozZe tyto reakce silné zaviseji na
slozeni vodného prostiedi, ve kterém probihaji, porovnaval se pra-
béh reakci v deionizované i vodovodni vodé.

2 MATERIAL A METODY

2.1 Chemikalie

Maltosa, kyselina askorbova i (-)-epikatechin pochazely od Sigmy
Aldrich, podobné jako slozky pro pfipravu fosfatovych uUstojnych roz-
tokd (1/15 mol.I'"), v€etné kyseliny fosfore¢né.

2.2 Zasobni roztoky

Kyselina askorbova (0,1 %, 1 % a 10 % hm.), dihydrat chloridu
meédnatého (0,0268 g.I"" = 10 mg.I"" Cu?*), tetrahydrat chloridu Ze-
leznatého (0,0356 g.I'" = 10 mg.I"" Fe?*), v8e v deionizované vodeé.
Pracovni roztoky se pfipravovaly fedénim nebo davkovanim zasob-
nich roztok( do vzorku, vétSinou v poméru 1:100. Pouzita vodovodni
voda obsahovala Ca?* a Mg?* v mnozstvi 0,7-0,8 mmol' (asi 4 °n),
Fe 0,1 mg.I"", Cu pod 0,05 mg.I"", pH 6,9.

2.3 Pristroje

Spektrofotometr Hach-Lange DR 5000 s valcovitymi sklenénymi
nadobkami (kyvetami) LCW 906 s optickou drahou 1 cm, ultrater-
mostat Julabo, pH metr Mettler Toledo.

PFistroj na ozafovani vzork( ve viditelném svétle se skladal z tru-
bice s pfivodem a odvodem vodovodni vody pro chlazeni vzorku. Ky-
veta LCW 906 se vzorkem se zasunula do chladici trubice a v pro-
tékajici chladici vodé se vzorek ozafoval dvéma halogenovymi
zarovkami 2x50 W ze vzdalenosti 1 cm od kyvety.

2.4 Pracovni postupy
2.4.1 Priprava barevnych oxidaénich produkti z epikatechinu
Roztok epikatechinu (100 mg.I") se pfipravil michanim pevné latky
v deionizované nebo vodovodni vodé, popf. jesté s pfidavkem Fe?*
a Cu?* (oba 0,1 mg.I'"), a roztoky se plnily do valcovitych sklenénych
kyvet. Z poloviny vzork( se odstranil vzduch probublavanim dusikem
(20 min) a po uzavfeni pryzovou zatkou se kyvety zahfivaly 90 min
pfi 60 °C ve vodni lazni (pasterace). Po ochlazeni se méfila absorpéni
spektra roztok( (obr. 7).

Enzymatically as well as non-enzymatically oxidized catechin
shows a typical absorption band with its maximum around 430 nm.
Colour products can be combined with other substances such as de-
composition products of saccharides or acetaldehyde [3, 4].

In most cases, the formation of colour substances is studied un-
der aerobic conditions. Also beer ages fast in the presence of oxy-
gen, but this process does not stop when it is depleted. Moreover,
the beer colour should be decreasing by the activity of reducing sub-
stances under anaerobic conditions. Oxygen can penetrate beer also
through the untightness of the closure or packaging permeability, but
even this influence cannot explain the extent and speed of undesi-
rable changes. The application of the oxygen-absorbing substances
in the packaging closures does not stop beer ageing.

Similar unclearness also concerns the antioxidant activity of re-
ductones and polyphenols [5, 6]. After oxygen disappears, reducing
conditions in beer prevails. Under such conditions, further oxidation
changes should be strongly suppressed. Those who believe in anti-
oxidant activities of reductones and polyphenols compete with those
believing in the theory of formation of dangerous radicals from their
oxidized forms by the activity of reductones. In addition to this, the
formation of hydrogen peroxide during polyphenol oxidation by at-
mospheric oxygen is described [7]. Most of these reactions require
oxygen, even if the decomposition of hydrogen peroxide itself can
also take place under anaerobic conditions. The majority of authors
agree that the decomposition product of saccharides, melanoidins
and oxidized polyphenols can cause sensorial ageing of beer under
the presence of oxygen by the oxidation of amino acids and higher
alcohols [8, 9].

Another basic theory of beer ageing is based on the oxidation de-
composition of lipids and fatty acids through the formation of hyper-
peroxides. On the other hand, just a small number of studies deals
with the ageing under anaerobic conditions [10]. These aerobic oxi-
dation theories are grounded on the negative effect of reactive forms
of oxygen. But at the same time, the existence of anaerobic degra-
dations of more complex substances to simple ones is quite spread
in the nature both for anaerobic or facultative aerobic microorganisms
and their ageing makes the importance of anaerobic processes in
a live cell more evident.

The key reactions in the process of beer ageing are Strecker’s oxi-
dation and Maillard’s reaction discovered a long ago before the pro-
ving the existence of oxygen radicals. Both reactions can take place
under anaerobic conditions, even if the presence of oxygen makes
their course faster. Similarity can be found for Fenton’s reaction, the
third important reaction during beer ageing.

This study attempts to compare the course of colour changes du-
ring beer ageing and in model solutions. Since these reactions are
strongly dependent on the composition of the aqueous solution where
they take place, the course of reactions in deionised and tap water
was compared.

2 MATERIAL AND METHODS USED

2.1 Chemicals

Maltose, ascorbic acid as well as (-)-epicatechin were bought from
company Sigma Aldrich, together with the components for the pre-
paration of phosphate buffer solutions (1/15 mol.I""), including phosp-
horic acid.

2.2 Stock solutions

Ascorbic acid (0.1 %, 1 % a 10 % by weight), cupric chloride di-
hydrate (0.0268.g.I"" = 10 mg.I"' Cu?*), tetrahydrate ferrous chloride
(0.0356 g.I'" = 10 mg.I"" Fe?*), all of them dissolved in deionised wa-
ter. Working solutions were prepared by dilution or dosage of stock
solutions into the sample, mostly in a ratio of 1:100. The tap water
used contained Ca?* and Mg?* in the amount of 0.7—-0.8 mmol-! (app-
rox. 4 °dH — German degrees of hardness), Fe 0.1 mg.I"!, Cu below
0.05 mg.I", pH value 6.9.

2.3 Apparatus

Spectrophotometer Hach-Lange DR 5000 with cylindrical glass
cells (cuvettes) LCW 906 with an optical path of 1 cm, ultrathermo-
stat Julabo, pH-meter Mettler Toledo. The device for the exposure of
the samples to visible light consisted of a tube with the inlet and out-
let of tap water for sample cooling. The LCW 906 cuvette with the
sample was inserted into the cooling tube and the sample was ex-
posed to two halogen lamps 2x50 W from a distance of 1 cm from
the cuvette in flowing cooling water.
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Absorbance (AU)

Vinové délka / Wavelength (nm)

Obr. 1/ Fig. 1 Absorpéni spektra epikatechinu (100 mg.I'") v deionizo-
vané (D) a vodovodni (V) vodé s pfidavkem Cu?+ a Fe?* (0,1 mg.I'") po
zahfivani 90 min pfi 60 °C v pfitomnosti vzduchu / Absorption spectra
of epicatechin (100 mg.I?) in deionised (D) and tap water (V) with ad-
dition of Cu?* and Fe?* (0.1 mg.I'") after warming at 60 °C for 90 mi-
nutes under air presence.
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Obr. 2/ Fig. 2 Zmény barev oxidovanych roztok(i epikatechinu ve vo-
dovodni vodé bez (EAO_N) a s pfidavkem kyseliny askorbové (10
mg.I"" EA1_N, 100 mg.I'" EA2_N a 1000 mg.I""* EA3_N) po pasteraci
(90 min pfi 60 °C) a nésledném zahfivani pfi 45 °C v anaerobnim (N)
a aerobnim prostfedi (O) / Colour changes of oxidized epicatechin
solutions in tap water without (EAO0_N) and with ascorbic acid addi-
tion (10 mg.r" EA1_N, 100 mg.I" EA2_N and 1000 mg." EA3_N) af-
ter pasteurisation (90 minutes at 60 °C) and subsequent warming at
45 °C under anaerobic (N) and aerobic conditions (O).
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Obr. 3/ Fig. 3Zmény barvy nepasterovaného, ¢erstve stoceného (C)
a dlouhodobé skladovaného (1 rok pfi 20 °C) starého piva (S) s pfi-
davkem kyseliny askorbové (100 mg.I"", A) a bez néj (bez pismena
A) po pasteraci (90 min pfi 60 °C) a nasledném zahfivani pfi 45 °C
v anaerobnim (N) a aerobnim prostfedi (O) / Colour changes of non-
pasteurised, fresh-bottled beer (C) and long-time stored beer (1 year
at 20 °C), old beer (S) with addition of ascorbic acid (100 mg.t', A)
and without it (without A letter) after pasteurisation (90 minutes at
60 °C) and subsequent warming at 45 °C under anaerobic (N) and
aerobic conditions (O).

2.4.2 Redukce barevnych oxidaénich produkti epikatechinu
kyselinou askorbovou
Roztoky barevnych oxida¢nich produktt epikatechinu pfipravené
podle pfedchoziho odstavce se plnily do véalcovitych sklenénych kyvet.
Po pfidavku kyseliny askorbové ve vysledné koncentraci (0 az 1000

2.4 Procedures
2.4.1 Preparation of colour oxidation products from epicatechin
The epicatechin solution (100 mg.I"") was prepared by mixing the
solid substance in deionised or tap water, possibly with addition of
Fe? and Cu?* (both 0.1 mg.I""), and the solutions were filled into cy-
lindrical glass cuvettes. Oxygen was removed from one half of the
samples by bubbling nitrogen through the solutions (20 minutes) and
after closing the cuvettes by a rubber stopper; they were warmed at
60 °C for 90 minutes in water bath (pasteurisation). After cooling
down, the absorption spectrum of the solutions was measured
(Fig. 1).

2.4.2 Reduction of colour oxidation products of epicatechin by
ascorbic acid

The solutions of colour oxidation products of epicatechin prepared
according to the previous paragraph were filled into cylindrical glass
cuvettes. After adding of ascorbic acid in a final concentration (0 to
1000 mg.I"), removing oxygen from one half of samples by bubbling
nitrogen through the solutions (20 minutes) and after closing the cu-
vettes by a rubber stopper, they were warmed at 60 °C for 90 minu-
tes in water bath (pasteurisation). After pasteurisation, the absor-
bance of the samples was measured during storage in a dark place
at 45 °C (Fig. 2).

2.4.3 Reduction of colour substances of beer by ascorbic acid

Non-pasteurised (fresh-bottled) beer after bottling and one year old
pasteurised beer (stored in the dark at 20 °C) was decarbonised by
bubbling nitrogen or air through the sample (20 minutes). After ad-
ding ascorbic acid (100 mg.I""), the beer samples were filled into cy-
lindrical glass cuvettes. The air was removed from one half of the cu-
vettes by bubbling nitrogen through the solutions (20 minutes) and
after closing the cuvettes by a rubber stopper; they were warmed at
60 °C for 90 minutes in water bath (pasteurisation). After pasteuri-
sation, the absorbance of the samples was measured during storage
in a dark place at 45 °C (Fig. 3).

2.4.4 Colour change of oxidation products of epicatechin by the
effect of pH and reducing conditions

The solutions of colour oxidation products of epicatechin prepared
according to the first paragraph of the procedure were mixed with de-
ionised water or phosphate buffer solutions in a ratio of 1:1 with addi-
tion of ascorbic acid (100 mg.I'") and without it. Oxygen was removed
from one half of the samples by bubbling nitrogen through the samples
and after closing by a rubber stopper, the absorbance of the samples
was measured during storage in a dark place at 45 °C (Fig. 4, 5).

2.4.5 Formation of colour oxidation products of epicatechin by
boiling in maltose solution

Epicatechin (100 mg.I"") or maltose (10 % by weight) or the mix-
ture of both substances was dissolved in tap water and the solutions
were boiled under the presence of oxygen for 2 hours under a reflux
condenser. After cooling down, the samples were pipetted into cy-
lindrical glass cuvettes. Oxygen was removed from one half of the
samples by bubbling nitrogen through the samples and after closing
by a rubber stopper, the absorbance of the samples was measured
during storage in a dark place at 45 °C (Fig. 6, 7).

2.4.6 Absorbance changes after exposure of colour products of
epicatechin to visible light

Non-pasteurised 12% beer was decarbonised by bubbling nitrogen
or air through the sample (20 minutes) and beer was exposed to 2
halogen lamps (2x50 W) for 15 and 75 minutes. After exposure, the
absorbance spectra of both samples were measured and differential
spectra as the difference between the non-exposed and exposed
sample were calculated and displayed (Fig. 8).

2.4.7 Effect of epicatechin on colour changes of beer during sto-
rage

(-)-Epicatechin in the amount of 100 mg.I"" was dissolved in beer
under continuous stirring; carbon dioxide was previously removed
from the beer sample by bubbling nitrogen or air through the sample
(20 minutes). After epicatechin was dissolved, the beer was stored
for two days at 45 °C and differential spectra were recorded (Fig. 9).
The natural content of epicatechin in the used beer before its addi-
tion was not determined due to the non-availability of required tech-
niques, but it can be assumed that the content was considerably lo-
wer as it can be evidenced from literature data that is strongly
dependent on the methodology used.
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Obr. 4 / Fig. 4 Zmény barvy oxidovanych roztoku epikatechinu s pfi-
davkem deionizované vody (D) nebo Ustojnych roztoku (pH = 4,5-7)
popf. jesté kyseliny askorbové (100 mg.I"', A) po zahfivani za anae-
robnich podminek (N) / Colour changes of oxidized solutions of epi-
catechin with addition of deionised water (D) or buffer solutions (pH
=4.5-7), possibly ascorbic acid (100 mg.l", A) after warming under
anaerobic conditions (N).

Obr. 5/ Fig. 5 Zmény barvy oxidovanych roztoku epikatechinu s pfi-
davkem deionizované vody nebo Ustojnych roztoku (pH = 4,5-7) bez
a s pfidavkem kyseliny askorbové (100 mg.I'") po zahfivani za ae-
robnich podminek (O) / Colour changes of oxidized solutions of epi-
catechin with addition of deionised water or buffer solutions (pH =
4.5-7) without and with addition of ascorbic acid (100 mg.l") after
warming under aerobic conditions (O).
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Obr. 6 / Fig. 6 Absorpéni spektra roztokd epikatechinu (100 mg.I",
E), maltosy (10 %, M) a jejich smési (EM) varenych 2 h pod zpétnym
chladi¢em, ochlazenych za pfitomnosti vzduchu (O) nebo vybubla-
nych dusikem (N) / Absorption spectra of epicatechin solutions (100
mg.I'", E), maltose (10 %, M) and their mixture (EM) boiled for 2 hours
under reflux condenser, cooled down under oxygen presence (O) or
bubbled through by nitrogen (N).

Obr. 7 / Fig. 7 Absorpéni spektra roztokd epikatechinu (100 mg.I",
E), maltosy (10 %, M) a jejich smési (EM) varenych 2 h pod zpétnym
chladi¢em, ochlazenych za pfitomnosti vzduchu (O) nebo vybubla-
nych dusikem (N) po 10 dnech pfi 45 °C / Absorption spectra of epi-
catechin solutions (100 mg.I", E), maltose (10 %, M) and their mix-
ture (EM) boiled for 2 hours under reflux condenser, cooled down
under oxygen presence (O) or bubbled through by nitrogen (N) after
10 days at 45 °C.
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Obr. 8 / Fig. 8 Diferenéni spektra vzorkl ¢erstvé sto¢eného (C) 12%
piva vybublaného dusikem (N) nebo vzduchem (O) a potom ozaro-
vaného viditelnym svétlem po dobu 15 a 75 min / Differential spectra
of fresh-bottled sample (C) of 12% beer bubbled through by nitrogen

(N) or air (O) followed by exposure to visible light for 15 and 75 mi-
nutes.

mg.I™"), odstranéni kysliku z poloviny vzork{ vybublanim dusikem (20
min) a po uzavieni pryzovou zatkou se kyvety zahfivaly 90 min pfi 60 °C
ve vodni lazni (pasterace). Po pasteraci se méfila absorbance téchto
roztokl v pribéhu uchovavani ve tmé pfi 45 °C (obr. 2).

2.4.3 Redukce barevnych latek piva kyselinou askorbovou
Nepasterované (Cerstvé stocené) pivo po stoceni a 1 rok staré pas-

terované pivo (skladované ve tmé pfi 20 °C) se dekarbonizovalo pro-

bublavanim dusikem nebo vzduchem (20 min). Po pfidavku kyseliny

Obr. 9/ Fig. 9 Diferenéni spektra vzorkl ¢erstvé sto¢eného (C) 12%
piva bez a s pridavkem (-)-epikatechinu (E), vybublaného dusikem
(N) nebo vzduchem (O) a potom skladovaného 2 dny pfi 45 °C/ Dif-
ferential spectra of fresh-bottled sample (C) of 12% beer without and
with addition of (-)-epicatechin (E), bubbled through by nitrogen (N)
or air (O) and then stored for 2 days at 45 °C.

3 RESULTS AND DISCUSSION

Flavonoid substances are a group of polyphenols present in malts,
hops and beers. Their important parts are catechins that are oxidi-
sed to colour substances during the production process being accom-
panied by polymerisation. Colour products (e.g. quinones) are also
formed by the oxidation of single polyphenols such as phenolic acids.

An important role in the oxidation of polyphenol substances play
the metals being present in water, together with their higher pH va-
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askorbové (100 mg.I"") se vzorky piva plnily do valcovitych sklené-
nych nadobek. Z poloviny nadobek se odstranil vzduch probublava-
nim dusikem (20 min) a po uzavieni pryzovou zatkou se kyvety za-
hfivaly 90 min pfi 60 °C ve vodni lazni (pasterace). Po pasteraci se
meéfila absorbance téchto roztokl v pribéhu jejich uchovavani ve tmé
pfi 45 °C (obr. 3).

2.4.4 Zména barvy oxidacnich produktu epikatechinu vlivem pH
a redukéniho prostredi

Roztoky barevnych oxidaénich produktl epikatechinu, pfiprave-
nych podle prvniho odstavce postup(, se smisily s deionizovanou vo-
dou nebo fosfatovymi Ustojnymi roztoky v pomeéru 1:1 s pridavkem
kyseliny askorbové (100 mg.I'") a bez néj. Z poloviny vzork( se od-
stranil kyslik vybublanim dusikem a po uzavfeni pryZzovou zatkou se
méfila absorbance v pribéhu uchovavani téchto vzorkl ve tmé pfi
45 °C (obr. 4, 5).

2.4.5 Tvorba barevnych oxidacnich produktu epikatechinu
varenim v roztoku maltosy

Ve vodovodni vodé se rozpustil epikatechin (100 mg.I"') nebo mal-
tosa (10 % hm.), popf. smés obou latek, a roztoky se vafily za pfi-
stupu vzduchu 2 h pod zpétnym chladi¢em. Po ochlazeni se roztoky
pipetovaly do valcovitych sklenénych nadobek. Z poloviny vzorkd se
odstranil kyslik vybublanim dusikem a po uzavfeni pryzovou zatkou
se méfila absorbance v pribéhu uchovavani téchto vzorkd ve tmé pfi
45 °C (obr. 6, 7).

2.4.6 Zmény absorbance po ozareni barevnych produkti
epikatechinu viditelnym svétlem
Nepasterované 12% pivo se dekarbonizovalo probublavanim dusi-
kem nebo vzduchem (20 min) a pivo se ozarovalo 15 a 75 min dvéma
halogenovymi zarovkami (2x50 W). Po ozéafeni se zméfila absorpéni
spektra obou vzork(, vypocetla a zobrazila diferenéni spektra jako
rozdil absorbanci mezi neozafenym a ozarfenym vzorkem (obr. 8).

2.4.7 Vliv epikatechinu na zmény barvy piva pFi skladovani

K pivu zbavenému oxidu uhli¢itého vybublanim dusikem nebo vzdu-
chem (20 min) se za stalého michani rozpustil (-)-epikatechin v pfi-
daném mnozstvi 100 mg.I"'. Po jeho rozpusténi se piva skladovala 2
dny pfi 45 °C a zaznamenala se diferenéni spektra (obr. 9). Pfirozeny
obsah epikatechinu v pouzitém pivu prfed jeho pfidavkem se nesta-
novoval vzhledem k nedostupnosti potfebnych technik, je mozné viak

které jsou silné zavislé na pouzité metodice.
3 VYSLEDKY A DISKUSE

Flavonoidni latky tvofi ¢ast polyfenoll pritomnych ve sladu, chmelu
i pivu. Jejich dllezZitou sloZzkou jsou katechiny, které se v prabéhu vy-
roby oxiduji na barevné slouc¢eniny, coz je vétS§inou doprovazeno po-
lymeraci. Barevné produkty (napf. chinony) také vznikaji oxidaci jed-
noduchych polyfenoll, napf. fenolovych kyselin.

Vyznamny vliv na oxidaci polyfenolovych latek maji kovy pfitomné
ve vodé, spolu s jejim vySSim pH proti pivu a pfitomnosti Ustojnych
latek. Pro zvolené pokusy se volily deionizovana i vodovodni voda,
aby se jednoduchym zplisobem prokazal rozdil mezi reakcemi zmén
barevnych slozek v pfirozeném prostfedi a v deionizované vodeé.

Jako modelovy polyfenol se zvolil (-)-epikatechin, ktery se vysky-
tuje v surovinach pro vyrobu piva a na rozdil od (+)-katechinu po-
skytuje intenzivnéji zabarvené oxidacni produkty. Tato latka je ze-
jména vhodna pro studium neenzymovych oxidaci, protoze
polyfenoloxidasy sladu epikatechin neoxiduji [11].

Barevné zmeény epikatechinu jsou dobre patrné na obr. 1, pficemz
tvorba barevnych produktl oxidace epikatechinu byla velmi nizka v de-
ionizované vodeé i za pfistupu kysliku, ale vyrazné vzrostla ve vodo-
vodni vodé, v pfitomnosti kysliku a iontd Fe?* a Cu?* v katalytickém
mnozstvi 0,1 mg.I"". Ve vodovodni vodé se kromé pfitomnosti kov
uplatfuje rovnéz jejich vzajemny pomér, vyssi pH a ustojna kapacita.
Barva téchto oxida¢nich produktl byla Zluta, oranzova az ZlutoGer-
vena, typické hnédé zbarveni se pfi relativné kratkych dobach star-
nuti nezaznamenalo. Podle literatury latky vznikajici oxidaci katechinu
vykazuji typické absorpéni maximum v rozmezi 420—430 nm [12].

Absorbance vSech vzorki vybublanych dusikem byly pfi vSech vi-
novych délkach mensi nez 0,01 AU (nezobrazeno). Tato pozorovani
jsou v naprosté shodé s dosud ziskanymi poznatky o zménéach barvy
béhem vyroby a starnuti piva. Pfi rmutovéni a ohfevu sladiny s chme-
lem k varu se polyfenolové barevné slou¢eniny tvofi kromé toho také
enzymovou oxidaci.

lue compared with the one of beer and the presence of buffer sub-
stances. For the experiments carried out, deionised as well as tap
water was used to prove in a simple way the difference the reactions
of the changes of colour substances under natural conditions and de-
ionised water.

(-)-Epicatechin was used as a model polyphenol occurring in the
raw materials for beer production and in contrast to (+)-catechin it
provides more intensively coloured oxidation products. This sub-
stance is especially suitable for the studies of non-enzymatic oxida-
tion processes, since malt polyphenoloxidases do not oxidise epica-
techin [11].

The colour changes of epicatechin are well obvious from Fig. 1,
whereas the formation of colour oxidation products of epicatechin
was very low in deionised water also in the presence of oxygen, but
is was significantly higher in tap water, in the presence of oxygen and
Fe?* and Cu?* ions in a catalytic amount of 0.1 mg.I".

Besides the metals being present in tap water, also their mutual
ratio, higher pH and buffer capacity play a role. The colour of these
oxidation products was yellow, orange to yellow-red, typical brown
coloration was not observed at relatively short ageing periods. As it
can be found in the literature, the substances formed by the oxida-
tion of catechin show their typical absorption maximum in a range of
420-430 nm [12].

The absorbances of all samples bubbled through by nitrogen were
lower than 0.01 AU at all wavelengths (not shown). These observa-
tions are in full compliance with the pieces of knowledge about the
colour changes during beer production and ageing gained up to now.
During the mashing process and warming up the wort with hops to
the boiling point, the polyphenol colour substances are furthermore
formed also by enzymatic oxidation.

The colour substances formed fulfil further functions during beer
production. They can partly discolour depending on the pH value and
the reducing capacity of the solution and change its colour again in
the presence of oxygen. This idea was supported by the changes of
colour substances formed by the oxidation of epicatechin during age-
ing, but their colour was further decreasing in model experiments du-
ring long-term warming up at 45 °C. The reducing capacity was es-
tablished by using ascorbic acid (0-1000 mg.I"") (Fig. 2).

The initial increase in the absorbance of the oxidation products of
epicatechin under aerobic as well as anaerobic conditions can be ex-
plained by the transformation of still colourless epicatechin into co-
lour intermediates, which are then reduced under anaerobic conditi-
ons in the presence of ascorbic acid. After the initial decrease in
absorbance in the presence of oxygen, the colour intensity was inc-
reasing again in the solutions with a higher concentration of ascor-
bic acid, which can give evidence of its fast oxidation by oxygen in
the presence of polyphenols.

A similar experiment with fresh and old pasteurised beer samples
proved a slightly different behaviour properties, since the beer sam-
ples permanently increased their colour intensity during ageing, es-
pecially in the presence of oxygen and even in the presence of as-
corbic acid (Fig. 3). The reducing effect of ascorbic acid was more
evident with long-term stored (old) beer samples. By adding ascor-
bic acid, the pH value of the model solutions of the oxidation products
of epicatechin changed, too, since the highest final concentration of
ascorbic acid (1000 mg.I"") in tap water reduced the pH value to 4.5.

For the above-mentioned reason, a phosphate buffer solution in
a ratio 1:1 with the addition of ascorbic acid (100 mg.I'") and without
it was added to the solutions of the oxidation products of epicatechin
(Fig. 4 and 5). As found in the literature, the pH value has a signifi-
cant effect also on the course of the enzymatic oxidation of a similar
compound (+)-catechin, from which colour products were formed ma-
inly at a higher pH value [13].

Based on these results, the beer colour is dependent on the amount
of colour oxidation products of catechins, on their pH value and the
presence of reducing substances. The presence of ascorbic acid can
induce the formation of colour substances from (+)-catechin in the
presence of oxygen [4, 14]. For this reason, colour changes were stu-
died during boiling of originally colourless epicatechin solutions with
the addition of maltose, for reductones can be formed during boiling
(Fig. 6 and 7).

When boiling model solutions of epicatechin and maltose, epica-
techin solutions showed the highest colour intensity, solutions of epi-
catechin with maltose or the solution of maltose itself showed sub-
stantially lower colour intensity. In a real boiling process, the colour
intensity further increases by the formation of melanoid substances,
but this study did not deal with them. Moreover, the colour of maltose
solutions was partially increased by caramelization reactions.
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Vzniklé barevné latky pIni v pribéhu vyroby piva dal$i funkce. Mo-
hou se alespon ¢astecné odbarvovat v zavislosti na pH a redukéni
sile roztoku, a opét zabarvovat v pfitomnosti kysliku. Této pfedstavé
odpovidaly zmény barevnych slougenin vzniklych oxidaci epikate-
chinu pfi starnuti, ale v modelovych pokusech jejich barva dale kle-
sala pfi dlouhodobém zahfivani pfi 45 °C. Redukéni prostiedi se za-
jistilo pfidavkem kyseliny askorbové (0—1000 mg.I"") (obr. 2).

Poc¢atec¢ni narlist absorbance oxidacnich produktu epikatechinu v ae-
robnim i anaerobnim prostredi Ize vysvétlit pfeménou dosud bezbar-
vého epikatechinu na nasledné barevné meziprodukty, které se pak
v anaerobnim prostfedi redukuji za pfitomnosti kyseliny askorbové. Za
pfitomnosti vzduchu po pocate¢nim poklesu absorbance barva opét
rostla v roztocich s vySsi koncentraci kyseliny askorbové, coz mize
svedcit o jeji rychlé oxidaci kyslikem za pfitomnosti polyfenol(i.

Podobny pokus s €erstvym a starym pasterovanym pivem proka-
zal ponékud odlisny vzor chovani, nebot piva zvySovala trvale barvu
pfi starnuti, zejména v pfitomnosti kysliku, a to i za pfitomnosti ky-
seliny askorbové (obr. 3). Redukéni ucinek kyseliny askorbové se vice
projevil u dlouhodobé skladovaného (starého) piva.

Pridavkem kyseliny askorbové se také ménilo pH modelovych roz-
tokd oxidaénich produktli epikatechinu, protoze nejvys$si vysledna
koncentrace kyseliny askorbové (1000 mg.I') ve vodovodni vodé sni-
zila pH na hodnotu 4,5. Proto se v dal§im pokusu k roztokim oxi-
dacnich produktl epikatechinu pfidal fosfatovy Ustojny roztok v po-
méru 1:1 s pfidavkem kyseliny askorbové (100 mg.I'") a bez néj (obr.
4 a 5). Podle literatury ma pH vyznacény vliv také na prabéh enzy-
mové oxidace podobné latky (+)-katechinu, z niz vznikaly barevné
produkty hlavné pfi vy&8im pH [13].

Podle téchto vysledku zavisi barva piva na mnozstvi barevnych oxi-
dacnich roztokd katechin(, na jejich pH a pfitomnosti redukujicich la-
tek. Pfitomnost kyseliny askorbové miiZze za pfistupu vzduchu indu-
kovat tvorbu barevnych latek z (+)-katechinu [4, 14]. Z tohoto divodu
se sledovaly zmény barvy pfi vafeni pdvodné bezbarvych roztokd
epikatechinu s pfidavkem maltosy, nebot z ni mohou v pribéhu varu
vznikat reduktony (obr. 6 a 7).

PFi vafeni modelovych roztoku epikatechinu a maltosy se nejvice
zbarvily roztoky epikatechinu, podstatné méné roztoky epikatechinu
s maltosou nebo roztok samotné maltosy. V skute¢ném varnim pro-
cesu barva narusta jesté tvorbou melanoidnich latek, kterymi se ale
tato studie nezabyvala. Kromé toho barva roztokt maltosy ¢aste¢né
rostla karamelizanimi reakcemi.

Potlageni tvorby barvy epikatechinu Ize pficitat vlivu redukton(,
vzniklych rozkladem maltosy. BEéhem starnuti pfi 45 °C se nejvice zvy-
Sovala barva roztoku epikatechinu, vafeného s maltosou, zatimco
barva samotnych barevnych produkt(i oxidace epikatechinu ponékud
poklesla. Podle zmény absorpcnich spekter Ize také usuzovat na dalsi
polymeracni reakce. Pfitom se také zménil ptvodni tvar absorpénich
kfivek oxida¢nich produktll epikatechinu a vzajemna poloha téchto
kfivek u vzork(, skladovanych za pfistupu, nebo nepfistupu vzduchu
(obr. 7). Barva také mohla klesat degradaci barevnych produktt.

Podle téchto vysledkd se barva roztoku, obsahujiciho reduktony
a oxidované polyfenoly mlze sniZzovat, nebo zvySovat podle hodnoty
jejich oxida¢né redukéniho potencialu. Fragmenty rozkladu sacharid(
mohou tvofit komplexy s epikatechinem [15].

Nejblize se typickému absorpénimu spektru piva tvarem podobalo
spektrum barevnych produktl vzniklych z epikatechinu po reakci
s maltosou. Béhem starnuti klesa patrné koncentrace reduktonu
a obnovuje se zbarveni predtim redukovanych barevnych produktt
epikatechinu souc¢asné s poklesem redukéni kapacity roztoku. Tyto
reakce mohou probihat v aerobnim i anaerobnim prostredi. Na star-
nuti se tedy podili pfenos elektrontt mezi oxida¢nimi produkty poly-
fenoll a redukujicimi latkami piva.

Podle dfivéjsich vysledku provazi starnuti piva po¢ateéni pokles ab-
sorbance v oblasti blizké 380 nm, zatimco pfi delSich vinovych dél-
kach absorbance roste [16]. Absorpéni spektrum méni svij tvar, coz
se projevi zménou subjektivniho vnimani barvy. PFi vy$Sich teplotach
skladovani tento pocatecni pokles mizi, absorbance roste v celém
rozsahu vinovych délek a pivo ziskava nahnédlou barvu. Také toto
pozorovani je mozné vysvétlit pocatecni vratnou redukci barevnych
produkt a narustem jejich zbarveni béhem starnuti. Vyrazny pokles
barvy béhem kvaseni a dokvasovani piva souvisi s ¢innosti kvasni¢-
nych reduktas a nasledny nardst barvy s poklesem redukéni schop-
nosti piva béhem starnuti, popf. degradaci a polymeraci barevnych
produktl. Kvasinky také inhibovaly degradaci barevnych produktt ka-
techinu a epikatechinu [17].

Pocatecni pokles absorbance Ize pozorovat i pfi jeho ozafovani ve
viditelné oblasti (obr. 8). Zmény absorpéniho spektra piva je mozné
vysvétlit urychlenim reakce mezi reduktony a barevnymi polyfenoly,

The suppression of the formation of epicatechin colour can be att-
ributed to the effect of reductones formed by the decomposition of
maltose. During the ageing process at 45 °C, the highest increase in
colour was observed for the epicatechin solution boiled with maltose,
whereas the colour intensity of the colour products of epicatechin oxi-
dation themselves slightly decreased.

Based on the change of the absorption spectra, further polymeri-
sation reactions can also be assumed. Changes were also observed
for the original shape of the absorption curves of the epicatechin oxi-
dation products and the mutual position of these curves for samples
stored in the presence of air or without it (Fig. 7). The colour could
also have decreased by the degradation of colour products.

Based on these results, the colour of the solution containing re-
ductones and oxidised polyphenols can decrease or increase de-
pending on the value of their oxidation-reduction potential. The frag-
ments of saccharide decomposition can form complexes with
epicatechin [15]. Closest to the typical shape of the absorption spect-
rum of the beer sample was the spectrum of the colour products for-
med from epicatechin after the reaction with maltose. During the age-
ing process, the concentration of reductones decreases and the
coloration of the previously reduced colour products of epicatechin
is renewed, together with the decrease of the reducing capacity of
the solution. These reactions can take place under aerobic as well
as anaerobic conditions. The transfer of electrons between the oxi-
dation products of polyphenols and reducing substances of beer take
part in the ageing process.

According to previous results, the ageing process of beer is accom-
panied by the decrease of absorbance in a range close to 380 nm,
while the absorbance increases with longer wavelengths [16]. The
absorption spectrum changes its shape, which is evidenced by the
change of the subjective appreciation of the colour. At higher storage
temperatures, this initial decrease fades away, the absorbance inc-
reases within the whole range of wavelengths and the beer sample
turns brownish.

This observation can also be explained by the initial reversible re-
duction of colour products and the decrease of their colour intensity
during the ageing process. A significant decrease in colour during the
fermentation and secondary fermentation stages is linked with the
activity of brewer’s yeast reductase and the following increase in co-
lour intensity with the decrease of the reducing capacity of beer du-
ring the ageing process or in some cases by the degradation and po-
lymerisation of the colour products contained. The yeasts also
inhibited the degradation of the colour products of catechin and epi-
catechin [17].

The initial decrease in absorbance can also be observed when be-
ing exposed to the visible light (Fig. 8). The changes of the absorp-
tion spectrum of beer can be explained by the acceleration of the
reaction between reductones and colour polyphenols, by polymeri-
sation or degradation of colour products.

This decrease can also be observed at lower wavelengths below 380
nm as well as within the UV spectrum, when the degree of the decre-
ase in colour intensity grows with the decreasing wavelength, which is
probably linked with the increasing radiant energy with the increasing
radiation frequency. On the other hand, the absorbance increases with
the as the wavelength of radiation increases. These spectral changes
can be observed during the natural ageing process after exposure or
chemical oxidation by potassium peroxodisulphate [16, 18].

Nevertheless, the colour products formed by warming the epica-
techin solution cannot be fully reduced back to the original colour-
less substances. The model of a partially reversible oxidation reac-
tion between the oxidised products of polyphenols and reductones
corresponds to this observation, with the following irreversible trans-
formation:

(1) OP + R 2 OR + RP — irreversibly coloured substances,

where OP stands for oxidised polyphenols, R for reductones, OR
for coloured oxidised reductones and RP for reduced polyphenols.

A partial reversible decomposition of reductones also corresponds
to this idea, which can be observed for example with ascorbic acid
providing a reversible oxidation product during oxidation, dehydroas-
corbic acid, further being transformed to irreversible products or to
relatively low-molecular furfural or glyoxal [1,19]. Their further reacti-
ons, in some cases combined with those with nitrogen compounds
again provide brown products.

These reactions also include a partial reversibility, sing furfural, for
example, can be easily reduced to furfuryl alcohol by the yeasts, but
not already to the original complex substances. The irreversibility of
this process thus lies in the transformation of the substances with
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popf¥. polymeraci, nebo degradaci barevnych produktd. Tento pokles
je mozné pozorovat i pfi nizSich vinovych délkach pod 380 nmiv UV
oblasti, pfi¢emz stupen poklesu barvy roste s klesajici vinovou dél-
kou, coz patrné souvisi s rostouci energii zareni pfi zvySuijici se frek-
venci zafeni. S rostouci vinovou délkou zafeni naopak absorbance
vzrusta. Tyto spektralni zmény Ize pozorovat v pribéhu pfirozeného
starnuti piva po ozareni nebo chemické oxidaci peroxodisiranem dra-
selnym [16, 18].

Presto nelze barevné produkty vznikajici zahfivanim roztoku epi-
katechinu redukovat na plvodni bezbarvé slou¢eniny Uplné. Tomuto
pozorovani odpovida model ¢aste¢né vratné oxidacni reakce mezi
oxidovanymi produkty polyfenold a reduktony, s nasledujici nevratnou
pfeménou:

(1) OP + R 2 OR + RP — nevratné zbarvené latky

kde OPjsou oxidované polyfenoly, R jsou reduktony, OR barevné oxi-
dované reduktony a RP jsou redukované polyfenoly. Této pfedstavé
také odpovida ¢astec¢né vratny rozklad reduktond, coz Ize pozorovat
napf. u kyseliny askorbové, poskytujici pfi oxidaci vratny oxidaéni pro-
dukt, kyselinu dehydroaskorbovou, dale pfechazejici na nevratné pro-
dukty, napf. az na relativné nizkomolekularni furfural nebo glyoxal
[1,19]. Jejich dalsi reakce, popf. kombinované s reakcemi s dusika-
tymi latkami opét poskytuji hnédé produkty.

Tyto reakce zahrnuji i ¢asteénou vratnost, nebot napf. furfural Ize
snadno zredukovat kvasnicemi na furfurylalkohol, ale ne jiz na pa-
vodni slozité latky. Nevratnost procesu tedy spociva v pfeméné slou-
¢enin s malo pravdépodobnym usporadanim na mnohem pravdépo-
dobnéjsi neuspofadané fragmenty. Tento samovolny proces tedy
odpovida narlistu entropie béhem starnuti.

Podobnému rozpadu podiéha i oxidaéné-redukéni par reduko-
vany/oxidovany polyfenol, napf. u znameé jednoduché reakce

2) hydrochinon & benzochinon — barevné produkty

s podrobné prostudovanym priibéhem, poskytujicim r{izné radika-
lové produkty spojené s jejich rekombinaci za tvorby hnédych poly-
mernich produktd.

V pivu se bézné vyskytujici derivaty pyrokatechinu podléhaji po-
dobné reakci:

(3) o-difenol & o-chinon — barevné produkty —
— dal$i polymerace nebo degradace

Oxidace katechinu také primarné poskytuje chinony [12]. Mezi oxi-
dacéni reakce je nutné také zahrnout reakce s peroxidem vodiku, ne-
bot latky piva vykazuji oxidacéni i peroxidacni aktivitu [20].

Vyznaénym rysem vSech téchto reakci je skute¢nost, ze produkty
vznikajici oxidaci reduktont a polyfenold za pfitomnosti kysliku mo-
hou podléhat samovolnym zménam i v anaerobnim prostfedi, pfi-
¢emz dodatecny pristup kysliku zpravidla urychluje jejich pribéh, ze-
jména v pfitomnosti iontl kov( Cu a Fe.

Takto se rozkladaji jak reduktony, tak chinony, zejména pfi vyssi
hodnoté pH. Rozpadem také vznikd mnoho organickych radikalud riz-
ného typu, ¢imz se zvysSuje reaktivita jednotlivych slozek a snizuje cel-
kova aktivacéni energie reakce. Volné radikaly mohou vznikat rovnéz
vzajemnou reakci chinonl a kyseliny askorbové [21,22]. Tyto radikaly
mohou pak nevratné napadat dal§i organické latky jako aminokyse-
liny, alkoholy a cukry a poskytovat dal$i oxidaéné-redukéni pary.

Anaerobni starnuti miZe probihat jako ¢aste¢né vratny katalyzo-
vany rozklad chinond nebo oxidovanych polyfenolli na nevratné slou-
¢eniny, zpravidla v podobé barevnych pigmentd. Podobné mohou
starnout produkty rozpadu cukr(, vzniklé karameliza¢nimi reakcemi.

Tento model potvrzuje ozafovani roztokl barevnych oxidaénich
produktd polyfenol i melanoidnich latek. Také u nich Ize pozorovat
pokles absorbance u nizkych vinovych délek zafeni nasledovany po-
stupnym narustem absorbance. Césteé¢ny pokles absorbance
systému na zadatku starnuti Ize zaznamenat i za tmy a silnéji v pfi-
tomnosti svétla [18].

Podobna pozorovani se potvrdila sledovanim barevnych zmén piva
s pfidanym epikatechinem pfi starnuti piva za tmy. Za anaerobnich
podminek pfidavek epikatechinu v podstatné neménil barvu roztoku,
zatimco za aerobnich podminek barvu zvySoval (obr. 9).

Popsané dil¢i zmény barvy piva odpovidaji nalezenym zavislostem,
nebot barevné produkty, pfipravené napt. vzdusnou oxidaci o-pyro-
katechinu, zvySovaly intenzitu barvy modelového roztoku pfi jeho sa-
movolném starnuti za pfitomnosti i nepritomnosti kysliku, a to i v pfi-
tomnosti redukujicich latek, jako jsou hydrogensificitany, sifi¢itany
a kyselina askorbova (nezobrazeno). Rovnéz zde mohly redukujici
latky omezit tvorbu barevnych produkt(i v samotném pocatku, coz ale
nebylo mozné zastavit v dal§im prabé&hu starnuti.

a hardly likely order to more likely disordered fragments. Thus, this
spontaneous process corresponds to the increase in entropy during
the ageing process. A similar decomposition can also be observed
for the oxidation-reduction pair of reduced/oxidised polyphenol, e.g.
in the following well known reaction:

(2) hydroquinone & benzoquinone — colour products

with a detailed and well studied course, giving various radical pro-
ducts connected with their recombination providing brown polymeric
products.

Catechol derivates commonly present in beer are subject to a si-
milar reaction:

(3) o-diphenol & o-quinone — colour products — further
polymerisation or degradation

The oxidation of catechin also primarily provides quinones [12].
Among oxidation reactions must be also included the reactions with
hydrogen peroxide, since the substances of beer show both oxida-
tion and peroxidation activity [20].

A distinctive feature of all of these reactions is the fact that the pro-
ducts being formed by the oxidation reductones and polyphenols in
the presence of oxygen can be subject to spontaneous changes un-
der anaerobic conditions, too, whereas additional presence of oxy-
gen usually accelerates their course, especially in the presence of
Cu and Fe.

Both reductones and quinones are decomposed in this way, espe-
cially at a higher pH value. During this process, a great number of or-
ganic radicals of various types is formed, which results in an increa-
sed activity of individual constituents and the total activation energy
of the reaction decreases. Free radicals can also be formed by inter-
actions of quinones and ascorbic acid [21, 22]. These radical then can
irreversibly attack further organic substances such as amino acids, al-
cohols and sugars and provide further oxidation-reduction pairs.

Anaerobic ageing can take place as a partially reversible cataly-
sed decomposition of quinones or oxidised polyphenols to irrever-
sible substances, usually in the form of colour pigments. Similarly,
products of the decomposition of sugars formed by caramelisation
reactions can age.

This model is confirmed by exposing the solutions of colour oxi-
dation products of polyphenols as well as melanoid substances to vi-
sible light. Also here, the decrease in absorbance at low wavelengths
of exposure followed by a gradual increase in absorbance can be ob-
served. A partial decrease in absorbance of the systems at the be-
ginning of the ageing process can be noted also in a dark place and
more strongly in the presence of light [18].

Similar observations were confirmed by studying colour changes
of beer with the addition of epicatechin during the ageing process in
a dark place. Under anaerobic conditions, the addition of epicatechin
significantly did not change the colour of the solution, while it incre-
ased the colour under aerobic conditions (Fig. 9).

The partial changes of beer colour described correspond to the de-
penpences found, since the colour products prepared for example by
air oxidation of o-catechol increased the colour intensity of the mo-
del solution during its spontaneous ageing in the presence / without
the presence of oxygen, even in the presence of reducing substan-
ces such as hydrogen sulphites, sulphites and ascorbic acid (not
shown). Also here the reducing substances could restrict the forma-
tion of colour products at the very beginning, but this was not pos-
sible to be stopped in the further course of the ageing process.

The chemism itself of the transformations of flavonoids has not
been explained in a satisfactory manner yet, with the exception of the
initial phases of catechin changes. A one year long storage period at
20 °C led to a degree of degradation of 75 % of small flavonoids, with
the colour intensity increasing in a dark place and more strongly at
long-term exposure to visible light. During this process, colourless
dehydrodicatechin B gave yellow-brown dimers and trimers of de-
hydrodicatechin A having strong antioxidation properties, which were
decreasing with the time of ageing [23].

A more complicated course can be observed for the thermic de-
composition of saccharides, since in contrast to polyphenolic sub-
stances, colour products can be formed in the presence of tap water
by warming maltose solutions under anaerobic conditions even wit-
hout previous oxidation.

For these substances, too, partial discoloration of solutions or, on
the other hand, coloration dependences on anaerobic/aerobic con-
ditions can be observed. Also in this case, their formation can be re-
stricted by adding reducing substances, such as sodium hydrogen-
sulphite or ascorbic acid.
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Samotny chemismus pfemeén flavanoidd neni jesté uspokojivé vy-
svétlen kromé pocatecnich stuprid pfi zménach katechinu. Jednoro¢ni
skladovani piva pfi 20 °C vedlo pfitom k 75% degradaci malych flava-
noidl, pfi¢emz intenzita barvy vzristala ve tmé a silnéji pfi dlouhodo-
bém ozafeni. Pfitom bezbarvy dehydrodikatechin B poskytoval Zlutoh-
nédé di- a trimery dehydrodikatechinu A, majici silné antioxidaéni
vlastnosti, antioxidacni vlastnosti vSak s dal$im starnutim klesaly [23].

Komplikovangjsi prlibéh ma termicky rozklad sacharid(i, nebot na
rozdil od polyfenolickych latek mohou v prostiedi vodovodni vody vzni-
kat barevné produkty zahfivanim roztok( maltosy v anaerobnich pod-
minkach i bez pfedchozi oxidace. Také u téchto latek Ize pozorovat
¢astec¢né odbarvovani roztokl, nebo naopak zabarvovani v zavislosti
na aerobnich/anaerobnich podminkach. | v tomto pfipadé je ale
mozné jejich tvorbu omezit pridavkem redukénich latek, jako je hyd-
rogensifi¢itan sodny nebo kyselina askorbova.

ZAVER

» Oxidaci epikatechinu vznikaji za pfitomnosti kysliku Zluta, oranzova
a Zluto€ervena barviva s typickym maximem mezi 420 az 430 nm.

e Stupen oxidaéni pfemény roste v pFitomnosti kysliku, iontl Fe i Cu
a se zvysujicim se pH roztoku.

¢ Vznikla barviva se mohou ¢aste¢né odbarvovat vlivem klesajiciho
pH i pfitomnosti redukujicich latek.

¢ Tato barviva mohou podléhat dal$i polymeraci, popf. degradaci
podle hodnot oxida¢né-redukéniho potencialu.

¢ Dal§i zmény jednou vytvofenych barevnych oxida¢nich produktl
mohou nastavat za anaerobnich a aerobnich podminek, ¢imz se vy-
svétluje narlstani barvy piva i za nepfitomnosti kysliku.

* Redukéni latky piva nemohou tyto reakce zastavit, Cemuz odpovida
model ¢astecné vratné oxidacné-redukéni reakce, nasledované ne-
vratnymi pfeménami oxida¢nich produktd.

* Zmény oxidovanych redukton( i polyfenolt maji spole¢né nevratné
rysy v pfeméné vysoce usporadanych latek na neusporadané.

* Redukce oxidovanych produktt polyfenol i reduktond poskytuiji
dalSi reaktivni pary, ¢asto v radikélové formé, jako jsou radikaly se-
michinonl a redukton(, které umoznuji zvysit pravdépodobnost dal-
Sich vzajemnych reakci a tvorby polymernich produktu.

¢ Tyto reakce jsou podobné redukci kysliku, poskytujici reaktivni ra-
dikaly kysliku, pficemz vycerpani kysliku nemlze zastavit starnuti,
protoze dalSi oxidacné-redukeni pary vznikaji rozpadem nebo re-
dukci slozitgjsich organickych slouéenin.

 Polyfenoly rovnéz mohou plsobit jako prfenasece elektrond z or-
ganickych latek piva na kyslik, nebo produkty vzniklé jejich oxidaci.

Lektoroval Doc. Ing. Pavel Dostéalek, CSc.
Do redakce doslo 30. 10. 2007
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