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Meérila se rychlost redukce vzdusného kysliku roztoky sifi¢itanu sodného, disifi¢itanu sodného a askorbové kyseliny v deionizované
a varni vodé. Rychlost redukce zavisela na pH a Ustojné kapacité vody, na prFitomnosti iontli médi, Zeleza, kobaltu a pfidavku modelo-
vych oxidaénich ¢inidel, napf. dvojchromanu draselného a peroxidu vodiku. Ethanol a maltosa snizovaly rychlost redukce kysliku v mo-
delovych roztocich sifigitant, ale zvySovaly ji v roztocich askorbové kyseliny. Pridavek peroxidu vodiku k roztok(im askorbové kyseliny
urychloval jeji pfeménu na Zluté a hnédé produkty a jejich naslednou degradaci.

Savel, J. — Kosin, P. — Broz, A.: The influence of reducing substances on the oxygen consumption in model solutions. Kvasny
Prum. 58, 2012, No. 3, p. 73-81.

The consumption of oxygen in the solution of sodium sulfite, sodium disulfite, and ascorbic acid in deionized and brewing water was
measured. The rate of consumption depended on the pH and buffer capacity of water, the presence of copper, iron or cobalt ions, and on
the addition of model oxidizing agents such as potassium dichromate and hydrogen peroxide. Ethanol and maltose reduced the rate of
oxygen consumption in sulfite solutions, but increased in the solution of ascorbic acid. Hydrogen peroxide accelerated the conversion of
ascorbic acid into yellow and brown pigments, which was followed by their degradation.

Savel, J. - Kosin, P. - Broz, A.: Der Einfluss der reduzierenden Substanzen auf die Geschwindigkeit der Luftsauerstoffreduktion
in den Modellésungen. Kvasny Prum. 58, 2012, Nr. 3, S. 73-81.

Die Reduktionsgeschwindigkeit des Luftsauerstoffs durch die Natriumsulfit-, Natriumdithionit- und Askorbinsaurenlésungen im deioni-
sierten Wasser und im Brauwasser wurde gemessen. Die Reduktionsgeschwindigkeit hdngte vom pH Wert, von der Pufferkapazitat des
Wassers, von der Anwesenheit von Kupfer-, Eisen-, Kobaltionen und von der Zugabe der Modelloxydationszugaben (z.B. Kaliumdichro-
mat und Wasserstoffperoxyd) ab. Ethanol und Maltose haben zwar die Reduktionsgeschwindigkeit des Sauerstoffes in den Sulfitmodell6-
sungen reduziert aber in den Askorbinsdurenlésungen erhéht. Eine Peroxydzugabe zu den Ldésungen der Askorbinséure hat ihre

Umwandlung auf gelb- und braune Produkte und eine folgende Degradation beschleunigt.

Klicova slova: spotreba kysliku, redukton, Fentonova reakce, de-
hydroaskorbova kyselina, peroxid vodiku, dvojchroman draselny, di-
sifi¢itan disodny, neenzymové hnédnuti, pivo

1 UVOoD

Uloha jednotlivych latek v neenzymovych reakcich potravin, ze-
jména pfi degradaci sacharidd, neni dosud objasnéna. Existuje mno-
ho prikladd, Ze typické pfirodni antioxidanty, napf. kyselina askorbo-
va nebo polyfenoly, mohou vykazovat antioxidaéni i prooxidacni
vlastnosti. Kromé toho jsou znaéné rozdily v hodnoceni ulohy téchto
latek in vitro a in vivo (Halliwel a Clement 2000, Halliwel 2008). Mezi
redukujici latky patfi reduktony, coz jsou latky s endiolovymi skupina-
mi, které vznikaji rozpadem sacharid(l. Kyselina askorbova se maze
povazovat za modelovy redukton, jejiz oxidovana forma, kyselina de-
hydroaskorbova (DHA) je pfikladem oxidovaného reduktonu, podié-
hajiciho dalsi degradaci (Deutsch 2000).

Zakladni predstava o $kodlivosti procesu, podilejicich se na civili-
zaénich chorobach a starnuti, se zaklada na mechanismu oxidacni-
ho a karbonylového stresu. Podstatou oxida¢niho stresu je tvorba
reaktivnich druht kysliku, u karbonylového stresu tvorba dikarbony-
lovych sloucenin, schopnych reagovat s dlilezitymi pfirodnimi latka-
mi, jako jsou aminokyseliny, bilkoviny a nukleové kyseliny za ztraty
jejich aktivity.

Mechanismy postupné redukce kysliku a jeho meziproduktt, napt.
peroxidu vodiku, byly v literatufe podrobné popsany stejné jako
u karbonylového stresu. Jako vysledek karbonylového stresu se uva-
di tvorba pokrocilych glykacnich produkti (AGEs — advanced glyca-
tion end products), €asto zluté az hnédé zbarvenych.

Tyto produkty se mohou tvofit jako dusledek odbouravani sachari-
du v lidském téle, ale mohou do néj vstupovat s pfijimanymi potravi-
nami (Xanthis a Hatzitolios 2007, Zhu a Lan 2011). LékaFsky vyzkum
se orientuje na latky inhibujici Maillardovu reakci a tvorbu AGEs
(Reddy a Beayz 2006, Rahbar a Figarola 2003). Glyka¢ni reakce

Keywords: oxygen consumption, reductone, Fenton reaction, dehy-
droascorbic acid, hydrogen peroxide, potassium dichromate, sodium
disulfite, nonenzymatic browning, beer

1 INTRODUCTION

The role of reducing substances in nonenzymatic reactions, par-
ticularly in degradation of carbohydrates, has not been fully clarified.
There are many examples that typical natural antioxidants such as
ascorbic acid or polyphenols can show both antioxidant and prooxi-
dant properties. In addition, there are considerable differences in the
role of these compounds in vitro and in vivo (Halliwel and Clement
2000, Halliwel 2008). Sugar reductones are substances with endiol
groups, which are formed by the degradation of carbohydrates.
Ascorbic acid can is considered to be a model reductone, whose
oxidized form dehydroascorbic acid (DHA) undergoes further degra-
dation (Deutsch 2000).

Harmful processes involved in aging and civilization diseases are
based on the mechanisms of oxidative or carbonyl stress. The princi-
ple of oxidative stress is the formation of reactive oxygen species. Car-
bonyl stress is caused by dicarbonyl compounds, which can react with
important natural substances such as amino acids a proteins and nu-
cleic acids and usually is associated with the loss of their activities.

Oxygen free radicals (OFRs) or nonradical reactive species such
as hydrogen peroxide are intermediate products of oxygen reduction.
Advanced glycation end products (AGEs), often yellow or brown
colored, are products of carbonyl stress.

These products can be formed during oxidative sugar degradation
in the human body, but they can also be accepted with food (and
Xanthis Hatzitolios 2007, Zhu and Lan 2011). Medical research has
focused on the agents that inhibit the Maillard reaction and AGE for-
mation (Reddy and Beayz 2006, Rahbari and Figarola 2003). Glyca-
tion reactions and the AGEs formation is also involved in beer aging
(Bravo and Herrera 2008, Pfeifer and Kroh 2010).
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a tvorba AGE probihaji i pfi starnuti piva (Bravo a Herrera 2008, Pfei-
fer a Kroh 2010).

Nejasnosti dale existuji v zakladnich neenzymovych mechanis-
mech pfemény sacharid(, jako jsou Maillardova reakce, karameli-
zacni reakce nebo tvorba melanoidnich latek. Malo informaci je
o oxida¢né redukénich reakcich polyfenoll a jejich radikalové pova-
ze. Polyfenoly oxidaci poskytuji semichony a chinony. Za reaktivni
meziprodukty pfi oxidaci na chinony se povazuji methidy (Wan
a Brousmiche 2001).

S oxidaci polyfenoll je spojena tvorba dimer( a oligomert, které
se mohou alespon ¢astecné vratné rozkladat thiolysou na puvodni
slozky (Callemien a Collin 2007). Latky vznikajici rozpadem askorbo-
vé kyseliny nebo sacharidd mohou vytvaret kopolymery s polyfenoly
a aldehydy (Bradshaw a Prenzler 2001).

Na spolec¢né rysy oxidacnich procest Ize usuzovat ze spole¢nych
produktl rozpadu pfirodnich latek pfitomnych v pivu, jako jsou téka-
vé aldehydy, charakteristické napf. pro starnuti potravin, nebo malo-
naldehyd jako marker nezadouciho rozpadu sacharidu i lipidd, zjisto-
vané oblibenou reakci s kyselinou thiobarbiturovou. Tyto produkty
jsou obvykle barevné (Zamora a Hidalgo 2008).

Kyslik v pivu ovliviiuje jeho starnuti rozhodujicim zptsobem. Na po-
stupné redukci kysliku se podileji redukéni latky piva, mezi néz patfi
cukerné reduktony, melanoidni latky, sirné slouceniny a polyfenoly, pfi-
¢emz klesa redukéni kapacita piva. Za pritomnosti kysliku se tvori per-
oxid vodiku, ktery miiZze oxidovat aminokyseliny i alkoholy za tvorby
tékavych aldehydd (Uchida a Ono 1999, Miller a Buettner 1990).

Lze oCekavat, Ze zastoupeni vyslednych produktd bude zaviset
na rychlosti spotfeby kysliku. Cilem tohoto ¢lanku je sledovat vlivy
redukénich latek piva na rychlost spotreby kysliku.

Jako modelové latky se zvolily askorbova kyselina, ktera predsta-
vuje jednoduchy redukton, a sifiitany vykazujici podobné reakce
k stabilizaci piva.

Existuji rizné mechanismy degradace kyseliny askorbové, rozdil-
né pro aerobni, nebo anaerobni podminky (Shi a Zhan 2007). Prd-
béh degradace askorbové kyseliny zavisi na druhu vody a muze pfi
ni vznikat peroxid vodiku, pfi¢emz se mohou tvofit riizné degradaéni
produkty. Protoze Ize tento vysledny efekt modelovat pfidavkem jed-
notlivych iontl jen obtizné, je studium rychlosti spotfeby kysliku
v pouzité vodé uziteCné. Zastoupeni jednotlivych kovl rozhoduje
o prooxidaénim nebo antioxidaénim Uc¢inku (Jansson a Lindqvist
2005, Juan a Jian-Ping 1998, Shi a Zhan 2007).

2 MATERIALY A METODIKA

2.1 Chemikalie

L-askorbova kyselina, sifi¢itan sodny, disifi¢itan sodny, chlorid
médnaty, chlorid Zeleznaty, chlorid Zelezity, dichroman draselny,
manganistan draselny (Sigma Aldrich, CR), peroxid vodiku 30%
(Chemické zavody Sokolov), ethanol 96 % (Lihovar Chrudim).

Jednotlivé latky se rozpustily v deionizované vodé na zasobni rozto-
ky:Na,SO,.7 H,0 (10 %), Na,S,0, (10 %), askorbova kyselina (10 %),
K,Cr,O, (1%), KMnO, (1%), H,0, (3 %), CuCl,.2 H,0 (0,0268 g/l = 10
mg/l Cu®), FeCl,.4 H,0, (0,0356 g/l = 10 mg/l Fe*), FeCl,.6 H,0
(0,0459 g/l = 10 mg/l Fe **), CoCl,.6 H,O (0,0404 g/l = 10 mg/l Co?).

Pracovni roztoky se pfipravily obvykle fedénim zasobnich roztoku
1:100, popf. i v jinych pomérech. Koncentrace roztoku se udava v %
hm., pokud neni uvedeno jinak.

2.2 Suroviny, meziprodukty a produkty

Deionizovana voda meéla vodivost mensi nez 0,2 uS.cm?2. Varni
voda obsahovala Ca?* a Mg?* v celkové koncentraci 0,7 az 0,8 mmol/l,
Fe (pod 0,1 mg/l) a Cu (pod 0,05 mg/l), pH vody bylo 6,9. Voda se
sytila probublavanim vzduchem po dobu 10 min.

2.3 Pristroje
Oximetr

Rozpustény kyslik se méfil fluorescenéni sondou Hamilton VISI-
FERM DO (Reno, Nevada, USA) v kombinaci s vyhodnocovaci jed-
notkou 1-CUBE (Havli¢kav Brod, CR). Sonda (primér 12mm) byla
po celé délce (120mm) ponorena do valecku s vnitfnim primérem
18 mm obsahujicim 20ml vzorku, ¢imz kapalina vystoupila po okraj
a vyrazné se omezil pfistup vzduchu ke dnu valecku.

2.4 Postupy
VS8echna méreni se opakovala nejméné dvakrat s 14dennim od-
stupem a v tabulkach i grafech se uvadéji priméry téchto méreni.

The detailed mechanisms of Maillard reaction, caramel or mela-
noidin formation have not been fully understood. There is little infor-
mation about radical or nonradical redox reactions of polyphenols.
Polyphenols can provide reactive semiquinones and quinones and
methides are considered to be reactive intermediates in the oxidation
of the quinones (Wan and Brousmiche 2001).

The oxidation of polyphenols accompanies production of their dim-
ers and oligomers, which can be partially reversed by thiolysis (Cal-
lemien and Collin 2007). Similarly, the degradation products of the
sugars or ascorbic acid can produce copolymers with polyphenols
and aldehydes (Bradshaw and Prenzler 2001).

The common features of the oxidation processes can be derived
from final degradation products of natural compounds, such as vola-
tile or nonvolatile aldehydes formed from sugars and aminoacids, or
malondialdehyde formed from lipids, which can be measured by fa-
vorite thiobarbituric acid method. These products of degradation re-
actions are usually colored (Zamora and Hidalgo 2008).

Oxygen in beer is considered to be the main reason of its aging.
The gradual reduction of oxygen is involved in the redox changes of
beer substances, such as sugar reductones, melanoidines, sulfur
compounds and polyphenols. It is supposed that the total reducing
capacity of beer continuously decreases. In the presence of oxygen
hydrogen peroxide is formed, that can oxidize amino acids and alco-
hols into volatile aldehydes (Uchida and Ono 1999, Miller and Buet-
tner 1990).

It can be expected that the resulting products will depend on the
rate of oxygen consumption. The aim of this article is to monitor the
effects of reducing substances of beer on the rate of oxygen con-
sumption.

As a model substance was chosen ascorbic acid as simple sugar
reductone, and sulfites exhibiting similar reactions as sulfur dioxide
naturally present in beer. These substances can also be used to sta-
bilize beer.

Various aerobic or anaerobic degradation mechanisms of ascorbic
acid have been described (Shi and Zhang 2007). Hydrogen peroxide
can be formed in the course of ascorbic acid degradation, which is
influenced by the type and the composition of water. The effect of
individual ions in watter is difficult to study because of its complex
composition. The presence of various metals plays important role in
prooxidant or antioxidant effects (Lindqvist and Jansson 2005, Juan
and Jian-Ping 1998, Shi and Zhang 2007).

2 MATERIAL AND METHODS

2.1 Chemicals

L-ascorbic acid, sodium sulfite, sodium disulfite, copper(ll) chlo-
ride, ferrous chloride, ferric chloride, potassium dichromate, potas-
sium permanganate (Sigma Aldrich, CR), 30% hydrogen peroxide
(30%, Chemical plants Sokolov), ethanol 96% (Distillery Chrudim).

The compounds were dissolved in deionized water to get stock solu-
tions: Na,SO,.7 H,O0 (10%), Na,S,0, (10%), ascorbic acid (10%),
K,Cr,0, (1%), KMnO, (1%), H,0, (3%) , CuCl,.2 H,O (0.0268 g/L = 10
mg/L Cu®), FeCl,.4 H,0 (0.0356 g/L = 10 mg/L Fe?*), FeCl,.6 H20
(0.0459 g/L = 10 mg/L Fe®**), CoCl,.6 H,0 (0.0404 g/L = 10 mg/L Co*).

Working solutions were usually prepared by diluting stock solu-
tions in the ratio 1:100. Concentration of solutions is usually given
in % (w/w), if not stated otherwise.

2.2 Raw materials, intermediates and products

Deionized water had conductivity less than 0.2 pS.cm2. Brewing wa-
ter contained Ca? and Mg?* in total concentration from 0.7 to 0.8
mmol/L, total Fe (below 0.1 mg/L) and total Cu (below 0.05 mg/L), pH
of brewing water was 6.9. Water was aerated by bubbling air for 10 min.

2.3 Instruments
Oximeter

Dissolved oxygen was measured by fluorescent probe VISIFERM
DO Hamilton (Reno, Nevada, USA) in combination with the electron-
ic unit 1-CUBE (Havlickuv Brod, CZ). The probe (length 120mm, di-
ameter 12mm) was immersed in a glass cylinder with inner diameter
of 18 mm containing 20ml of the sample, which reached the rim of
the cylinder after probe immersion and it significantly limited access
of air.

2.4 Procedures
All measurements were repeated at least twice after two weeks,
tables and graphs contain the average of these measurements.
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Obr. 1a Spotreba kysliku v roztoku sifi¢itanu sodného (0,1 %) ve var-
ni vodé (VV) nebo v deionizované vodeé (DV) s pfidavkem kovl (Co?,
Cu?, Fe?, Fe®*, vSechny 0,1 mg/l) / Fig.1a Oxygen consumption in
sodium sulfite solution (0.1%) in brewing water (VV) or in deionized
water (DV) with metals ions addition (Co?, Cu?*, Fe?, Fe*, all 0.1
mg/L)

Obr. 1b Spotfeba kysliku v roztoku disifiitanu sodného (DS, 0,1 %)
a askorbové kyseliny (AA, 0,1 %) ve varni vodé (VV) nebo deionizo-
vané vodé (DV) s pfidavkem kovu (Fe?+, Cu?+, 0,1 mg/l)./ Fig.1b Oxy-
gen consumption in sodium disulfite solution (DS — Na,S,0,, 0.1% in
deionized water — DV, or brewing water - VV) and ascorbic acid (AA,
0.1% AA in deionized water - DV or brewing water - VV) with and
without metal ions addition(Fe**, Cu?*, both 0, 1 mg/L)
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3 VYSLEDKY

3.1 Spotieba kysliku v roztocich redukénich ¢inidel
s pfidavkem kovu

Po zfedéni zasobnich roztoku sifi¢itanu sodného, disifi¢itanu sod-
ného nebo askorbové kyseliny (vysledna koncentrace 0,1%) varni
(VV) nebo deionizovanou (DV) vodou nasycenou vzduchem se
po pfidavku kovovych iontd (0,1 mg/l) zaznamenaval pokles obsahu
rozpusténého kysliku (obr. 1a, b).

Pridavek iontt rznych kovl k roztoku disifi¢itanu sodného v deio-
nizované vodé ovliviioval rychlost spotfeby kysliku, coz je véeobecné
znamé z rozsahlé literatury. Také pouziti varni vody zrychlovalo spo-
tfebu kysliku, coz mlze byt zplisobeno jak kombinaci kovovych ion-
tl, nebo jeji Ustojnou kapacitou a hodnotou pH.

Rychlost spotfeby kysliku v redukénim roztoku zavisela rovnéz
na druhu redukuijici latky v kombinaci s hodnotou pH, tstojné kapa-
city a vlastnostech pouzité vody (obr. 1b).

3.2 Spotieba kysliku v roztocich redukénich ¢inidel
s pfidavkem oxidantt

Po zfedéni zasobnich roztoka sifi¢itanu sodného, disifi¢itanu sod-
ného nebo askorbové kyseliny (vysledna koncentrace 0,1%) varni
(VV) nebo deionizovanou (DV) vodou nasycenou vzduchem se
po pfidavku nizké koncentrace oxidac¢nich €inidel (0,01 %) zazname-
naval pokles obsahu rozpusténého kysliku (obr. 2).

Rychlost spotfeby kysliku zrychloval kromé kovovych iontu také
pridavek nizké koncentrace oxidacnich Cinidel, napf. dichromanu
draselného, ackoliv by se mohlo naopak o¢ekavat snizeni spotfeby
kysliku souvisejici s poklesem koncentrace reduktonu.

3.3 Spotieba kysliku v redukénich roztocich s pridavkem
ethanolu a maltosy

Po zfedéni zasobnich roztok( sifi¢itanu sodného, disifi¢itanu sod-
ného a askorbové kyseliny roztokem ethanolu (5% obj.) nebo malto-
sy (4% hm.) v deionizované vodé nasycené vzduchem (vysledné
koncentrace redukénich ¢inidel 0,1 %) se po pfidavku kovovych iontl
(Co?, Fe** 0,1 mg/l, Cu?>* 0,1-10 mg/l) nebo dichromanu draselného
(0,01 %) zaznamenavala koncentrace rozpusténého kysliku. Stupen
snizeni, nebo zvySeni spotfeby kysliku v zavislosti na pfidavku etha-
nolu nebo maltosy se vyjadfoval indexem spotfeby (zpomaleni) i,(%)
podle ubytku puvodniho obsahu kysliku po 5 minutach reakce

c, (MAL, EtOH) — C,
GG

(1) (%) = 100.

kde i;(%) je index inhibice spotieby kysliku, ¢, je poCate¢ni koncent-
race kysliku ihned po smichani slozek roztoku a ¢, je koncentrace
rozpusténého kysliku v roztoku redukéniho Cinidla v deionizované

3 RESULTS

3.1 Oxygen consumption in solutions of reducing agents
with the addition of metals

The stock solutions of sodium sulfite, sodium disulfite or ascorbic
acid (final concentration 0.1%), were diluted by brewing (BW) or
deionized (DI) water saturated with air and after the addition of metal
ions (0.1 mg/L) the decrease of dissolved oxygen was measured
(Fig. 1a, b).

The addition of various metal ions to the solution of sodium di-
sulfite in deionized water influenced the rate of oxygen consumption,
which is well known from literature. Brewing water also showed ac-
celerated oxygen consumption, which may be caused by combina-
tion of metal ions, buffer capacity and pH value (Fig. 1b).

3.2 Consumption of oxygen in solutions of reducing agents
with the addition of oxidation agents

The stock solutions of sodium sulfite, sodium disulfite or ascorbic
acid (final concentration 0.1%), were diluted by brewing (BW) or
deionized (DI) water saturated with air and after the addition of oxida-
tion agents (0.01%) the decrease of dissolved oxygen was recorded
(Fig. 2).

The rate of the oxygen consumption was accelerated by the addi-
tion of oxidation agents such as potassium dichromate, although the
opposite effect might be expected connected to decreasing concen-
tration of reducing substance.

3.3 Consumption of oxygen in solution with the addition of
ethanol and maltose

The stock solutions of sodium sulfite, sodium disulfite or ascorbic
acid (final concentration 0.1%), were diluted by the solutions of mal-
tose (4 %) or ethanol (5% v/v) in deionized (DI) water saturated with
air and after the addition of metal ions (Co?*, Fe?* both at 0.1 mg/L,
Cu? 0.1 - 10 mg/L) or potassium dichromate (0.01%) and the de-
crease of dissolved oxygen was measured. The inhibition of oxygen
consumption in ethanol or maltose solution was expressed as an in-
hibition index i, (%) according to dissolved oxygen concentration af-
ter 5 min reaction

¢, (MAL, EtOH) - ¢,
C= G

(1) (%) = 100.

where i,(%) is inhibition index of oxygen consumption, ¢, is the initial
oxygen concentration immediately after mixing the components of
the solution and ¢, is the concentration of dissolved oxygen in the
solution of reducing agent in deionized water, with the addition of
maltose ¢, (MAL) or ethanol c,(EtOH) after 5 minutes of reaction
(Tab. 1).
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vodg, popf. s pfidavkem maltosy ¢,(MAL) nebo ethanolu ¢ (EtOH)
po 5 min reakce (tab.1).

PFidavek maltosy a ethanolu snizoval rychlost spotfeby rozpusté-
ného kysliku v redukénim roztoku sifi¢itanu (i > 0 %), az uplného
zastaveni reakce (i= 100 %). Nulova hodnota indexu iby znamenala,
ze pridavek latky dobu spotfeby kysliku neovliviioval. Pfi dobé spo-
tfeby kysliku kratsi nez 5 minut se pouzil podobné pocitany index .

Pfi vyrazném zvyseni koncentrace katalyzatoru (médnatych ion-
td) v roztoku askorbové kyseliny se rychlost pfenosu kysliku zvysila
(i< 0 %). Grafické znazornéni vlivu ethanolu na pribéh reakce zna-
zornuji tab. 2 a obr. 3.

3.4 Tvorba barevnych pigmenti po oxidaci kyseliny askorbové

Roztoky askorbové kyseliny (1 a 10%) ve varni vodé a také s pfi-
davkem peroxidu vodiku (0,3%) se zahfivaly 1 mésic pfi 45 °C
ve tmé (obr. 4a,b). V druhé sérii pokusl se k roztokim askorbové
kyseliny (10% hm.) v deionizované vodé pfidal peroxid vodiku ve vy-
sledné koncentraci 0,01, 0,1, a 1% a roztoky se autoklavovaly 10 min
pfi 121 °C (obr. 5).

Reakce predstavuje systém se silnym redukénim ¢inidlem, askor-
bovou kyselinou, v pfitomnosti vzduchu a peroxidu vodiku. Zlutou az
hnédou barvu degradaénich produktd kyseliny askorbové Ize pova-
zovat za projev vyskytu karbonylovych latek, vzniklych jejim rozpa-
dem.

4 DISKUSE A ZAVER

Vysledky pokusU alespor ¢aste¢né vysvétluji kontroverzni tlohu
prooxidacnich a antioxida¢nich latek v silné redukénim prostredi,
které muze redukovat kyslik a sniZzovat sice jeho koncentraci v rozto-
ku, ale sou¢asné produkovat jeho vysoce reaktivni druhy (odst. 3.1,
3.2). Kli¢ovou ulohu kovli pfi pfenosu kysliku zmirfiuji ¢etné prace.
Kovové ionty také silné ovliviiuji oxidaci piva a jeho starnuti (Zuffal
a Tyrell 2008).

The addition of maltose and ethanol decreased the rate of con-
sumption of dissolved oxygen in sodium sulfite (i > 0%) up to a com-
plete stop of the reaction (i = 100%). Zero value of the index might
respond to the complete oxygen exhaustion in the time shorter than
5 min. If oxygen was consumed in shorter than 5 minutes interval, the
index i, was similarly used.

High concentration of copper ion increased oxygen consumption
rate in a solution of ascorbic acid (i <0%) (Tab. 2, Fig. 3).

3.4 Production of pigments from ascorbic acid by hydrogen
peroxide oxidation

Solutions of ascorbic acid (1 and 10%) in brewing or deionized
water with the addition of hydrogen peroxide (0.3 %) was heated for
1 month at 45 °C in the dark (Fig. 4 a,b). The solutions of ascorbic
acid (10%) in deionized water with hydrogen peroxide addition (0.01,
0.1, and 1%) were also autoclaved for 10 min at 121 °C (Fig. 5).

The reaction represents a system of strong antioxidant combined
with an oxidant such as air or hydrogen peroxide. The yellow to brown
color of degradation products indicate that a mixture of carbonyl
compounds is formed during ascorbic acid oxidative degradation.

4 DISCUSSION AND CONCLUSION

Experimental results may partly explain the controversial role of
prooxidant and antioxidant substances in strongly reducing enviro-
ment, which can reduce oxygen and diminished its concentration,
but also produce the highly reactive species (paragraph 3.1, 3.2).
The key role of metals in oxygen transfer has been mentioned in
numerous articles. Metal ions also influence the oxidation and aging
of beer (Zuffal and Tyrell 2008).

Rate of oxygen consumtion is strongly depended on the type of
water used. The effect of the complete composition of brewing water
has not been fully explained especially during brewing process. The
composition of the brewing water determines the final quality of beer

Tab. 1 Koncentrace rozpusténého kysliku (c) v roztoku reduktont (0,1 %) s pfidavkem maltosy (4 %) nebo ethanolu (5 % obj.) v deionizované
(DV) vodé po 5 min reakce / Dissolved oxygen (c) in the solutions of reducing compounds (0.1 %) with the addition of maltose (4 %) or etha-

nol (5 % v/v) in deinoized water (DV) after 5 min of reaction

¢, (mgO,/l),c, =76 Index spotieby/Consumption index (%)
Reakce / Reaction B MAL EtOH MAL EtOH
Na,SO,, Co** (0,1 mg/l) 0 7.4 7.5 97.4 98.6
Na,SO, K,Cr,0O, (0,01 %) 6.6 7.5 7.2 90.0 60.0
Na,S,0, , K,Cr,0, (0,01 %)* 0.1 0.6 0.7 6.7 8.0
Na,S,0,, Fe** (0,1 mg/l) 6.2 7.5 7.4 92.9 85.7
AA, Cu?* (10 mg/l) 21 1.4 1.5 -12.7 -10.9

AA: askorbova kyselina, * ¢ (mg O,/I) po 3 min (i) / AA: ascorbic acid, * ¢(mg O,/L) after 3 min (i,)

Tab. 2 Koncentrace rozpusténého kysliku (c) v roztoku askorbové kyseliny (0,1 a 1 %) s pfidavkem ethanolu (5 % obj.) v deionizované (DV)
vodeé po 5 min reakce / Dissolved oxygen (c) in the solution of ascorbic acid (0.1 a 1 %) with the addition of ethanol (5 % v/v) in deionized (DV)

water after 5 min of reaction

c(mg O,/1),c,=7,6 Index spotieby/Consumption index (%)
Reakce / Reaction B EtOH EtOH
AA (0,1 %) 7.4 7.3 -33.3
AA (0,1 %), Cu?* (0,1 mg/l) 7.2 7.0 -33.3
AA(0,1 %), Cu?* (1,0 mg/l) 6.4 6.1 -20.0
AA(0,1 %), Cu? (10 mg/l) 2.1 1.5 -9.8
AA (1 %), Cu2* (10 mg/l) 7.0 0.2 -91.8

AA: askorbova kyselina / AA: ascorbic acid
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Rychlost redukce kysliku také silné zavisela na druhu pouzité
vody. Pro nemoznost jednoznac¢né stanovit vliv kompletniho slozeni
varni vody uvadime jen jeji zakladni parametry. Slozeni varni vody
rozhoduje o vysledné kvalité piva, pfi¢emz zdaleka nejsou znamé
v8echny faktory, které ovliviiuji nasledné technologické zmény. DU-
sledkem této skute¢nosti je nemoznost pfipravy stejného piva mimo
misto jeho puvodu. Vysledek vyroby nezavisi totiz jen na dosud zna-
mych védeckych poznatcich (De Clerk 1964).

Velmi ucginné redukovadlo jako je oxid sifiCity nebo disifi¢itan sod-
ny mlize tak v pfitomnosti vzduchu a kovovych iontli snadno oxidovat
fenylalanin nejen na fenylacetaldehyd, ale také na benzaldehyd (Ba-
safova et al. 2011, Savel a Kosin 2011).

Hlavnim mechanismem tohoto procesu je pravdépodobné zvySeni
poctli oxidacné redukénich part vzniklych redukci kysliku nebo oxi-
daci redukujici latky, ¢imz se zvySuje po€et moznych kinetickych
mechanismu, umoznujicich pfechod elektrond z redukujicich latek
na kyslik.

Obr. 2 Spotfeba kysliku v roztoku sifi¢itanu sodného (SS, 0,1 %),
disifi¢itanu sodného (DS, 0,1%) a askorbové kyseliny (AA, 0,1%)
v deionizované vodé s pfidavkem dichromanu draselného (Cr,
0,01 %), manganistanu draselného (Mn, 0,01 %) a peroxidu vodiku
(HP, 0,01 %) / Fig.2 Oxygen consumption in solution of sodium sulfite
(58S, 0.1%), sodium disulfite (DS 0.1%) and ascorbic acid (AA, 0.1%)
in deionized water with the addition of potassium dichromate (Cr, O,
0.1%), potassium permanganate (Mn, 0.01%) and hydrogen peroxi-
de (HP, 0.01%)

through the subsequent technological changes. Because of these
facts it is impossible to prepare the same beer out of his place of ori-
gin. The beer production does not depend only on the known scien-
tific facts (De Clerk 1964).

Strong reducing compounds such as sulphur dioxide or sodium
disulfite can in the presence of air and metal ions form reactive oxy-
gen species, which can readily oxidize phenylalanine not only to phe-
nylacetaldehyde but also to benzaldehyde (Basarova et al. 2011,
Savel and Kosin 2011).

The main mechanism of this process is likely based on increasing
number of redox couples, which results in increasing number of pos-
sible kinetic mechanisms, enabling the transfer of electrons between
redox pairs.

An example of such mechanism is the autocatalysis by metal ion
(e.g. Mn2* formed from KMnO,), but the speed of oxygen consump-
tion can also increase without the presence of other non metalic oxi-
dizing agents.

Obr. 3 Spotfeba kysliku v roztoku sifiitanu sodného (SS, 0,1 %,),
disifi¢itanu sodného (DS, 0,1%) a askorbové kyseliny (AA, 0,1%)
ve varni (VV) a deionizované vodé (DV) s pfidavkem médnatych
(Cu?+, 10 mg/l), kobaltnatych (Co?*, 0,1 mg/l) iontl nebo dichromanu
draselného (Cr, 0,01 %) a ethanolu (E, 0,5 a 5,0% obj.) / Fig. 3 Oxy-
gen consumption in a solution of sodium sulfite (SS, 0.1%), sodium
disulfite (DS 0.1%) and ascorbic acid (AA, 0.1%) in the brewing wa-
ter (VV) and deionized water with the addition of ions (Cu?*, 10 mg/L,
Co?*, 0.1 mg/L) ions or potassium dichromate (Cr, 0.01%) or ethanol
(E, 0.5 and 5.0 vol%)
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Obr. 4a Barevné zmény roztokd askorbové kyseliny s koncentraci
1% (vlevo) a 10% hm. (vpravo) ve varni vodé po 1 mésici pfi 45 °C
ve tmé / Fig. 4a Color changes of ascorbic acid solutions with a con-
centration of 1% (left) and 10% (right) in the brewing water for 1
month at 45 °C in the dark

Obr. 4b Barevné zmény roztok( askorbové kyseliny 1% (vlevo) a 10%
hm. (vpravo) ve varni vodé s pfidavkem peroxidu vodiku (0,3%)
po 1 mésici pfi 45 °C ve tmé / Fig. 4b Color changes of ascorbic acid
solutions 1% (left) and 10 % (right) in the brewing water with the addi-
tion of hydrogen peroxide (0.3%) after 1 month at 45 °C in the dark
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Obr. 5 Barevné zmeény roztoku kyseliny askorbové (10 % hm.) autoklavované v deionizované vodeé s pfidavkem peroxidu vodiku (zleva 0, 0,01,
0,1 a 1%) po 10 min zahtivani pfi 121 °C / Fig. 5 Color changes of solutions of ascorbic acid (10%.) after autoclaving in deionized water with
addition of hydrogen peroxide (from left 0, 0.01, 0.1 and 1%) after 10 min heating at 121 °C

Moznym vysveétlenim je i autokatalyza vznikajicim kovovym ion-
tem (napf. Mn2* pro KMnO,), zvySeni rychlosti spotfeby se v8ak vy-
skytuje i u oxida¢nich Cinidel bez pfitomnosti kova.

Rychlost spotfeby kysliku se pfidavkem ethanolu nebo maltosy
mUze zvysit i sniZit (odst. 3.3). Zpomaleni spotieby kysliku pravdépo-
dobné souvisi se zachytem kyslikovych radikalt a svédéi o antioxi-
daénim pusobeni. Produkty redukce kysliku reaguji s maltosou nebo
ethanolem, ¢imz se pravdépodobné prerusuje kaskada oxidacnich
reakci spojenych s oxidaci redukujici latky.

Zvyseni rychlosti spotfeby kysliku Ize vysvétlit prooxidaénim i anti-
oxidaénim ucinkem. Po vy€erpani kysliku se sice zastavi tvorba re-
aktivnich druht kysliku, a tim se zabrani dal$i oxidaci, vysledkem ale
mUze byt tvorba dal$ich oxidaénich latek, schopnych postupné oxi-
dovat zbyvajici redukéni latky. Oznageni antioxidant, nebo prooxi-
dant zavisi na produktech oxidaéni reakce a jejich vnimani spotrebi-
telem.

Zpomaleni spotieby kysliku oddali oxidaci slozek a ma tedy stejny
vyznam, jako snizeni pfistupu kysliku napf. omezenim pohybu piva
v lahvi, nesmi se ale pfitom zanedbdavat povaha produktd, vznikaji-
cich z latek zpomalujicich oxidaci kyslikem a také povaha latek vy-
tvarenych touto pomalou oxidaci.

Také v pivu se rychlost spotfeby kysliku liSi v zavislosti na pfitom-
nosti redukénich nebo oxidacénich €inidel. O vysledném efektu rozho-
duje také tvorba peroxidu vodiku a jeho odbouravani (Blockmans
a Heilporn 1987). Peroxid vodiku Ize povazovat za meziprodukt od-
bouravani kysliku.

Oxidac¢ni produkty organickych sloucenin, napf. chinony a peroxi-
dy mohou opét plisobit jako oxidaéni ginidla v kaskadé reakci oxidacg-
né redukénich reakci. Primarné vzniklé karbonylové slou¢eniny mo-
hou napf. reagovat s aminoskupinami bilkovin nebo aminokyselin
za tvorby komplexu, napf. Schiffovych bazi a Amadoriho mezipro-
duktu. Tyto latky se mohou oxidovat az na kone¢né produkty, napf.
jednoduché aldehydy, které ovliviuji organoleptické vlastnosti piva,
a dalsi oxidaci se mohou ménit na senzoricky malo aktivni slozky.

Anorganické redukujici latky se také mohou oxidovat za vzniku ra-
dikald a dal$ich meziproduktd, kterych je ale ve srovnani s organic-
kymi latkami méné, ¢imz klesa rozsah nezadoucich reakci. Kromé
nereaguije.

Oxidaci askorbové kyseliny jako modelového sacharidového re-
duktonu ve varni vodé vznikaly barevné oxida¢ni produkty béhem
starnuti pfi 45 °C, pfi€emz pfidavek peroxidu vodiku podporoval je-
jich tvorbu (odst. 3.4). P¥i starnuti roztoku askorbové kyseliny se
predpoklada redukce kysliku a tim i vznik kyseliny dehydroaskorbo-
vé, ktera se pak rozklada za tvorby barevnych produkta.

e {__,_____\)
k‘_q-.__ _:'/‘ ——

Ethanol or maltose may increase or decrease rate of oxygen con-
sumption (Section 3.3). The decrease of oxygen consumption is
likely related to the capture of oxygen radicals, which proves their
antioxidant activity. Reactive oxygen species react with maltose or
ethanol, which probably interrupt the cascade of oxidation reactions
associated with oxidation of the reducing substances.

The increase of oxygen consumption rate can be explained by
prooxidant or antioxidant effect. After depletion of oxygen ends the
production of reactive oxygen species, which prevents further oxida-
tion by oxygen, but the reduction of other oxidizing agents formed
during previous oxidation can continue. The term antioxidant or
prooxidant depends on consumer perception of reaction products.

The decrease of rate of oxygen consumption in food will delay the
oxidation of its natural components and has apparently the same
importance as the oxygen removal, but the nature of products arising
from slower oxygen reduction cannot be neglected.

An example is beer oxidation by oxygen from air. The rate of oxy-
gen consumption varies, which depends on the presence of reducing
or oxidizing agents (Blockmans and Heilporn and 1987). Hydrogen
peroxide can be considered as intermediate product of oxygen re-
duction.

Oxidation products of organic compounds such as quinones or
peroxides can again act as oxidizing agents in the cascade of redox
reactions. Carbonyl compounds can react with amino groups of pro-
teins or amino acids to form complexes such as Schiff and Amadori
base and their intermediates. These substances can be transformed
to the final products, such as simple aldehydes, which affect the or-
ganoleptic properties of beer, but they can be further overoxidized
into sensory inactive compounds.

Inorganic reducing agents can also be oxidize d to form radicals
and other intermediates, but the number of suitable intermediates
with sensory adverse effects is smaller in comparison to organic
compounds. In addition, the oxidation of sulfite provides sulfate,
which is sensorial neutral.

On the other hand the oxidation of ascorbic acid as a model carbo-
hydrate reductone provided colored oxidation products formed dur-
ing aging at 45 °C where the addition of hydrogen peroxide promoted
their formation (section 3.4). During aging, the solution of ascorbic
acid is expected to be oxidized into dehydroascorbic acid, which is
then decomposed to form colored products.

Formation of reactive oxygen species during oxidation of ascorbic
acid in the presence of metal ions is generally mentioned in literature
(Buettner and Jurkiewicz 1996). Degradation of ascorbic acid in the
presence of hydrogen peroxide is a sequence of reactions in which
several compounds with different oxidation properties are formed
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Tvorba reaktivnich druhl kysliku pfi oxidaci askorbové kyseliny
za pfitomnosti kovovych iontli se obecné zmiriuje v literature (Jurki-
ewicz a Buettner 1996). Odbouravani kyseliny askorbové za tcasti
peroxidu vodiku je sled reakci, pfi némz se tvofi nékolik slou¢enin
s rGznymi oxidaénimi vlastnostmi (Deutsch 1998). Pfedpokladame,
Ze starnuti roztoku sacharidickych redukton(i se chova obdobné.

Reakce jsou pfiklady systémd, ve kterych ani pfitomnost silného
antioxidantu ve vysoké koncentraci nezabrani tvorbé nezadouciho
produktu, existuje-li v systému dal$i oxidovadlo, v tomto pfipadé pra-
bézné dodavany vzdusny kyslik (obr. 4a). Vlivem peroxidu vodiku se
stupen tmavnuti u nizké koncentrace askorbové kyseliny (1 %) snizil,
u vyS§Si koncentrace naopak zvysSil (obr. 4b). Tmavnuti roztoku askor-
bové kyseliny Ize vyrazné zrychlit jeho autoklavovanim (obr. 5). Pfi
dal$im zvySovani koncentrace peroxidu vodiku (nad 3 %) Ize barevny
roztok dale odbarvit (nezobrazeno).

Podobné zmény barvy vykazoval i roztok askorbové kyseliny s pfi-
davkem oxidacnich Cinidel, pficemz ethanol sniZoval tvorbu barev-
nych latek (Savel a Kosin 2011). Ethanol Ize v tomto pfipadé povazo-
vat za antioxidant.

Pfi pouziti kysliku jako oxidaéniho ¢inidla mohou vedle sebe plso-
bit sou€asné aerobni (pfed jeho vyéerpanim) i anaerobni zplsoby
oxidace redukujici latky, napf. kyseliny askorbové. Askorbova kyseli-
na se muze rozkladat aerobnim i anaerobnim zplsobem, pokazdé
za tvorby jinych produktt, napf. diketogulonové kyseliny nebo furfu-
ralu (Shi a Zhan 2007).

PFi postupné klesajici koncentraci kysliku se aerobni odbouravani
askorbové kyseliny mize ménit na anaerobni. Podobné rysy vykazu-
je postupny rozpad redukujicich degradaénich produktt sacharid(
v pivu pfi jeho starnuti (Bravo a Herrera 2008). Redukéni povahu
maji i plvodni sacharidy v pivu, které se mohou tvofit hydrolytickym
Stépenim pfi jeho vyrobé. Je obtizné odhadnout, v jakém stupni se jiz
vyrazné uplatriuje vznik reduktond.

Uloha a-aminodusiku pfi téchto reakcich neni dosud zcela objas-
néna. Kyslik se mlze redukovat na reaktivni druhy kysliku, které mo-
hou pfimo oxidovat aminokyseliny na aldehydy. Dale mohou vznikat
komplexy sacharidd s aminokyselinami, které se mohou opét oxido-
vat, dokonce za vzniku peroxidu vodiku (Elgawish a Glomb 1996).

Moznym mechanismem je Streckerova oxidace aminoskupiny di-
karbonylovymi slou¢eninami a chinony, vzniklymi oxidaci redukton(i
a polyfenold. Podil jednotlivych reakci neni znamy, a nelze je vysvét-
lit pouze jednim z uvedenych mechanismu (Suda a Yasuda 2007).

Spolehlivé neni také vysvétleno zrychleni redukce kysliku po pfi-
davku 1,2-diaminobenzenu (DAB) do piva nebo cukernych redukto-
nud. V souhlasu s tim se zvysuje i rychlost reakce s pridavkem jiného
oxida¢niho ¢inidla, napf. methylenové modfri.

Methylenova modi se dals§im pfistupem kysliku reoxiduje, ale
po pfidavku DAB se opét redukuje (Savel a KosSin 2009). Jednim
z moznych vysvétleni je katalyza spotfeby kysliku aminokyselinou,
jak se to prokézalo u methioninu (Pfeifer a Kroh 2010).

SloZeni reakéni smési se méni vlivem vymény elektronl mezi oxi-
dacénim a redukénim &inidlem, aniz by se dosahlo kone¢ného rovno-
vazného slozeni. Kyslik vstupuje do dalSich sloucenin, jako jsou oxi-
dované polyfenoly nebo dikarbonylové slou¢eniny, schopné reagovat
s pfitomnymi redukujicimi latkami. Vysledkem je vratka rovnovéaha,
mezi oxidovanymi a redukovanymi polyfenoly, posunujici se podle
vysledné hodnoty redox potenciélu.

Podstatnym rysem tohoto systému je koexistence silnych oxidag-
nich a redukénich €inidel, ve stavu vzdaleném od rovnovahy. Takové
systémy se vyznacuji netypickym kinetickym chovanim, napft. osci-
laénimi reakcemi (Strizhak a Basylchuk 2000). V pomalych reakcich
se postupné redukuji oxidované formy. Starnuti piva je tedy samovol-
ny oxida¢ni proces, jehoz pribéh Ize ¢aste¢né zpomalit nebo zrychlit
pfidavkem dalSich oxida¢nich nebo redukénich Einidel.

Popsané reakce zahrnuji postupnou pfeménu latek podle jedno-
duchého schématu

Ox + ne” <> Red (+ reaktivni produkty reakce) <> meziprodukty <> produkty
vratné reakce nevratné reakce

kde Ox a Red jsou oxidacni a redukéni stavy slou€enin, z nichz se
vratnymi reakcemi postupné tvofi meziprodukty. Stuper vratnosti re-
akci klesa, az se od urcitého stupné stanou nevratnymi. Tento princip
plati i pro reakce in vivo, protoze napf. reakéni produkty degradace
askorbové kyseliny jsou do urcitého stupné stéle fyziologicky aktivni
(Deutsch 2000).

Kone&nymi produkty téchto reakci mohou byt i polymery, kopoly-
mery, nebo naopak degradované slozky. Tyto reakce mohou v systé-
mu probihat v soustavé soutézivych simultannich reakci, kdy jednot-

(Deutsch 1998). We assume that the aging of sugar reductone solu-
tions behaves similarly.

These reactions are examples of systems, in which the presence
of a strong antioxidant prevents the formation of undesirable prod-
ucts. There is an additional oxidant in the system, in this case con-
tinuously supplied air oxygen (Fig. 4 a). Due to hydrogen peroxide
formation, the degree of browning at low concentrations of ascorbic
acid (1 %) was lower than at a higher concentration (Fig. 4b). Brown-
ing of the solution of ascorbic acid can significantly increase by its
autoclaving (Fig. 5). Further increase of the concentration of hydro-
gen peroxide (over 3%) can resulted in bleaching solution (not
shown).

Similar changes of color of ascorbic acid solutions could be caused
by the addition of various oxidizing agents, which could be reduced
by ethanol (Savel and Kosin 2011). In this case ethanol could be
considered as an antioxidant.

Oxygen can oxidize ascorbic acid and the oxidation can continue
even after its depletion. Ascorbic acid may be degraded in aerobic or
anaerobic way, which can provide different products such as dike-
togulonic acid or furfural (Shi and Zhang 2007).

The degradation of sugar reductones during beer aging is similar
to model degradation of ascorbic acid (Bravo and Herrera 2008).
Sugar reductones can be formed during brewing process by the
sugar cleaving in the brewhouse. It is difficult to determine the ratio
between own reducing capacity of unsplitted sugar and sugar reduc-
tones.

The role of a-amino nitrogen in these reactions is not yet fully un-
derstood. Oxygen can be reduced to reactive oxygen species, which
can directly oxidize the amino acids to aldehydes. The complexes of
carbohydrates with amino acids can be oxidized again, even under
the formation of hydrogen peroxide (Elgawish and Glomb 1996).

A possible mechanism is the Strecker oxidation of amino com-
pounds by dicarbonyls or quinnones. The rate of individual reactions
is not known, and it cannot be explained only by one of these mech-
anisms (Suda and Yasuda 2007).

It is difficult to explain the acceleration of oxygen reduction by ad-
dition of 1,2-diaminobenzene (DAB) to beer or sugar reductones.
The reaction can be visualized by the addition of another oxidizing
agent such as methylene blue.

Reduced methylene blue is reoxidized by oxygen, but after the ad-
dition of DAB the reduction of methylene blue continues (Savel and
Kosin 2009). One of the possible explanations is the amino acid ca-
talysis of oxygen consumption, as it was demonstrated in the case of
methionine (Pfeifer and Kroh 2010).

The composition of the reaction mixture varies due to the ex-
change of electrons between oxidizing and reducing agent, without
reaching the final equilibrium composition. Oxygen enters into other
compounds such as polyphenols or dicarbonyl compounds capable
of reaction with reducing substances. The result is a non stabile bal-
ance between reduced and oxidised polyphenols, shifting according
to the resulting value of the redox potential.

An essential feature of this system is the coexistence of strong
oxidizing and reducing agents, in a state far from equilibrium. Such
systems are characterized by atypical kinetic behavior, such as oscil-
lating reactions (Strizhak and Basylchuk 2000). The slow reactions
will gradually reduce the oxidized forms. Aging of beer is spontane-
ous oxidation process, which can be partially slowed down or accel-
erated by the addition of other oxidizing or reducing agents.

The reaction scheme can be written as

Ox + ne” <> Red (+ oxidizing reactive species) <= intermediates <> products
reversible reaction irreversible reaction

where Ox and Red are the oxidation and reduction states of com-
pounds in reversible reactions, which gradually produce intermedi-
ates. The degree of reversibility of the reaction decreases to a certain
degree where the reaction is irreversible. This principle also applies
to responses in vivo, because degradation products of ascorbic acid
are to some degree still physiologically active (Deutsch 2000).

The final products of these reactions can be polymers, copoly-
mers, or vice versa degraded components. These reactions can take
place in the system of parallel competitive reactions, where the indi-
vidual substances may act as antioxidants or prooxidants. The sup-
plement of reducing substances to reversible reaction can for exam-
ple slow down the aging of beer.

Slow spontaneous reaction can be accelerated by external inter-
ventions such as their initiation. Growth of the number and types of
redox couples with different redox potentials may therefore increase
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livé latky mohou pUsobit jako prooxidanty i antioxidanty. U vratnych
reakci muze pfidavek redukujici latky starnuti piva alespor zpomalit.

Pomalé samovolné reakce se mohou urychlit vnéjSimi zasahy,
napt. jejich iniciaci. Zvétseni poc¢tu a druhl oxida¢né redukénich pard
s rznymi redox potencidly proto mohou zvy$ovat, nebo snizovat re-
akéni rychlost. U chemickych reakci, napf. pfi spalovani vodiku, do-
chazi v rychlém sledu v prabéhu reakci k prudkému nartstu mezi-
produktd, reaktivnich druht kysliku a vodiku, aby pak jejich pocet
opét poklesl. Kromé téchto vlivl se reakéni rovnovaha posunuje také
s vlivem teploty v roztocich také s hodnotou pH.

Starnuti piva se hodnoti negativné, nebot je spojeno s nariistem
barvy, tvorbou nezadoucich oxida¢nich produktli a polymernich
slou¢enin. Nezadouci slou€eniny se pfitom mohou dal$i oxidaci de-
gradovat, napt. vznikajicim peroxidem vodiku.

Napf. oxidaci lipid(i vznika senzoricky nezadouci (2E)-non-2-enal,
ktery se vSak mlize oxidovat aZ na senzoricky méné vyrazny malo-
naldehyd. Hnédé produkty vznikajici oxidaci cukrl lze povazovat
za vysoce nezadouci meziprodukty, ale jejich intenzivni oxidaci per-
oxidem vodiku Ize vytvofit méné Skodlivé, téméf bezbarvé kone¢né
oxidaéni produkty.

Zavisi na subjektivnim vnimani jednotlivych produkti oxidaéné re-
dukéniho fetézce, kdy napt. zvy$end barva oxidovanych polyfenold,
nebo produktd Maillardovy reakce se mlize vnimat kladné nebo za-
porné. Napf. viné a chut vina se ¢aste¢nou oxidaci po stoceni zlep-
Suji (tvorba buketu), dlouhym skladovanim se vSak dostavuji neza-
douci zmény.

Pojem antioxidantu a prooxidantu souvisi s latkami, které ovliviiuji
tvorbu latek s Zzadoucimi, nebo nezadoucimi Ucinky, a stava se proto
subjektivnim pojmem. Vhodnéjsi ozna€eni by patrné bylo latky s ad-
versnim nebo antiadversnim uc¢inkem (adversiva nebo antiadversi-
va), nebo jesté lépe proadversni a antiadversni podminky reakce.
Nedokonalé spalovani organickych latek, napt. redukton(i za vzniku
nezadoucich karbonylovych latek, je nezadouci, ale jejich nasledné
dokonalé spaleni se mize vnimat pozitivné.

PFi tvorbé specifické chuti potravin se napfiklad mohou uplatnit
latky podporujici tvorbu benzaldehydu, zadouciho pro specifickou
horkomandlovou chut, nebo naopak latky jeho tvorbu potlacujici, coz
je vyhodné napf. pfi starnuti piva. Stejnou roli mohou hrat polyfenoly,
jejichz hnédnuti je sice nezddouci, ale sou¢asné mohou zachytem
radikal( snizovat tvorbu cizi chuti.

Uloha téchto latek se mize ménit podle stupné premény urcité
latky v reakci. Spalovanim uhliku za nedostate¢ného pfistupu kysliku
se muZze tvofit meziprodukt oxid uhelnaty, ktery je ze zdravotniho hle-
diska nezadouci a jeho dal$i oxidace je vitana, protoze vznika méné
Skodlivy oxid uhli€ity. Na druhé strané se spalovanim uhliku v orga-
nickych slou¢eninach mize ziskat nejen vyuzitelna energie, ale také
malé mnozstvi tepla, které jsou pro Zivot nutné. Naproti tomu velké
mnozstvi tepla je uzite€né pfi topeni, ale Skodlivé pfi pozaru.

Kli¢ovou latkou v pivovarstvi je kyslik, kterému se po stoceni piva
pfisuzuje jednoznaéné nezadouci Ucinek, protoze oxidaci se nega-
tivné méni chut piva a dal$i odstranovani nezadoucich latek dalsi
oxidaci neprobiha. Naproti tomu tvorbu nezadoucich produktl mo-
hou pridané redukujici latky potlacit posunutim vratné reakce smé-
rem proti jejich vzniku.

Ze stejného divodu se musi obsah kysliku v obalu co nejvice sni-
zit, nebot poskytuje nejen reaktivni druhy kysliku, které opét snizuji
redukéni kapacitu piva. Zde se uloha k zvySeni stability piva zaméfu-
je na snizeni jeho mnozstvi v napinéném obalu, rychlosti jeho pfe-
stupu do piva a reakce s nim (pohyb, teplota, zafeni). Pfi anaerobnim
starnuti prebiraji ulohu kysliku jiz zoxidované latky.

Starnuti piva pokracuje i po vyCerpani kysliku, pficemz klesa re-
dox potencial a redukéni kapacita piva. Rychlost spotfeby kysliku,
fizené jeho pfechodem z hrdla Iahve do piva, ovliviiuje rozhodujicim
zpUsobem starnuti piva (Andre a Moll 1986).
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Zpusob provedeni zkou$ky je v souladu s

Senzoricka zkouska

Nejbliz§i termin konani senzorické zkousky,
kterou pofadéa Pivovarsky Ustav Praha, VUPS, a.s.,
je 31. kvétna 2012.

Po Usp&sném absolvovani zkousky obdrzi téastnik od VUPS

Osvédceni posuzovatele o zpusobilosti provadét senzorické
hodnoceni piva.

» Normou CSN ISO 8586 ,Senzoricka analyza — obecna smérnice pro vybér,
vycvik a sledovani ¢innosti posuzovateld*;
* Analytikou EBC, kapitola ,Senzoricka analyza — vybér a vycvik posuzovatel(“.

Dotazy mlzete zasilat na adresu luznicka @beerresearch.cz.
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