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V ¢€lanku je zkouman vliv kmene pivovarskych kvasinek a technologickych parametrii na tvorbu oxidu sifi¢itého. Je zde také sledovan uby-
tek oxidu sifi¢itého béhem skladovani, dale je ukazan jeho vliv na zlepSeni oxidaéni a staré chuti piva a také korelace jeho koncentrace v pivu
s oxidoredukéni kapacitou.
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In this article the effect of yeast brewing strains and technological conditions on the production of sulphur dioxide are studied. The decre-
ase of sulphur dioxide during the storage, its influence on the improvement of the oxidative and the stale flavour of beer and also the corre-
lation between its concentration in beer and redox capacity of beer are monitored in this study.
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Im diesen Artikel wird der Einfluss von den Bierhefenstdmmen und den technologischen Parametern auf die Schwefeldioxidsbildung bes-
chrieben. Weiterhin wurde eine Schwefeldioxidabnahme wahrend der Lagerung des Bieres verfolgt. Ein Einfluss des Schwefeldioxids auf die
Verbesserung des Oxidations- und Alterungsgeschmacks des Bieres wurde angeziegt. Es wurde auch eine Korellation der Schwefeldioxid-
konzentration im Bier zu der Oxidoreduktionskapazitat angefuhrt.
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1 UvoD

Senzorickd a koloidni stabilita vyrabéného piva je nezbytnou pod-
minkou pro poskytovani mnohamésicnich (az ro¢nich) garanci. Skla-
dovanim piva se totiz postupné zvySuje jeho barva, tvofi se zakal,
klesa jeho senzoricka stabilita a vznika zvétrala chut piva. Za pficinu
téchto negativnich zmén se povazuji oxidacni reakce slozek piva. Ko-
loidni a senzorickou stabilitu piva Ize do jisté miry zlepSit pouzitim
vhodného kmene pivovarskych kvasinek s dostate¢nou produkci
oxidu sifi¢itého. Oxid sifi€ity pasobi v pivu jako antioxidant. Dulezita
je také jeho schopnost maskovat aldehydy tvorbou aduktl s karbo-
nylovymi slou€eninami.

Celkové mnozstvi oxidu sifi¢itého v pivu mize tedy do urcité miry
ovlivnit jeho chutovou stalost.

2 MATERIAL A METODY

2.1 Analytické metody

Prabéh modelovych kvasnych zkou$ek byl sledovan béznymi me-
todami Pivovarsko-sladarské analytiky [1] a analytiky EBC [2]. Pu-
vodni extrakt a zdanlivé prokvaseni mladiny byly stanoveny na pfi-
stroji Anton Paar DMA 4500. Oxid sifi¢ity byl stanovovan
elektrochemicky [3]. Obsah kvasni¢nych bunék pfi zakvaseni a v pra-
béhu kvasnych zkouSek se urcoval pfimym pocitanim v Burkerové
kom(rce, koncentrace sirani v mladiné byla zji§téna pomoci rychlo-
testu na sirany Spectroquant 14791 od firmy Merck, Darmstadt. Kon-
centrace rozpusténého kysliku v mladiné byla stanovena pomoci Oxy-
gen Analyzer InTap 4000e. Oxidoredukéni kapacita byla zjisténa dle
metodiky MEBAK [4]. Karbonylové slouceniny byly stanoveny meto-
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1 INTRODUCTION

Sensory analysis and colloidal stability of produced beer are requ-
ired for providing of multimonth (year) expiration dates. During the sto-
rage the colour of beer increases, the haze forms, sensory stability
declines and stale flavour of beer creates. The cause of these nega-
tive changes is probably reaction between components of beer. Col-
loidal and sensory stability of beer can be improved by using suited
yeast strain with sufficient production of sulphur dioxide. Sulphur dio-
xide has an antioxidant effects in beer. Its ability to mask aldehydes
by creating adducts with carbonyl compounds is also very important.

Total amount of sulphur dioxide in beer can in same way effect its
flavour stability.

2 MATERIALS AND METHODS

2.1 Analytical methods

Simulative fermentations were monitored by using common met-
hods from Pivovarsko-sladafské analytika [1] and EBC Analytica [2].
The original wort gravity and apparent attenuation were detected by
Anton Paar DMA 4500. Sulphur dioxide was determined by electro-
chemical method [3]. Counts of cells in the pitching rate and during
the fermentation were measured by direct counting in Burker cell, the
concentration of sulphates in wort was measured by Spectroquant
14791 from Merck, Darmstadt. Concentration of dissolved oxygen in
wort was determined by using Oxygen Analyzer InTap 4000e. Redox
capacity was measured by MEBAK method [4]. Carbonyl compounds
were analyzed by method using derivatization in a solution [16]. Ot-
her parameters were detected by common methods [1].
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dou derivatizace v roztoku [16]. Ostatni parametry byly stanovovany
dle béZnych popsanych postupd [1].

2.2 Kmeny pouzitych kvasnic
Bylo testovano pét kmend Saccharomyces cerevisiae subsp. uva-

rum, oznaéeni dle sbirky VUPS Praha:

* kmen €. 2 — stfedné az hluboko prokvasujici, dobfe az velmi dobfe
sedimentujici

* kmen ¢&. 7 — stfedné prokvasujici, dobfe sedimentujici

* kmen €. 55 — nizkoprokvasujici, dobfe sedimentujici

* kmen €. 95 — hluboko prokvasujici, dobre sedimentujici

* kmen ¢. 96 — hluboko prokvasuijici, velmi dobfe sedimentujici.

2.3 Kvasné zkousky

Cilem kvasnych zkou$ek bylo posouzeni rychlosti tvorby oxidu si-
ficitého béhem pivovarského kvaseni a dale studium vlivu kmene pi-
vovarskych kvasinek a technologickych parametr(i na tvorbu oxidu si-
ficitého v prlibéhu kvaseni.

Kvasinky daného kmene byly nejprve pomnozeny do potfebné za-
kvasné davky. Pfed zakvaSenim byly kvasnice promyty a odstredény,
pak nasledovalo vlastni zakva$eni. Kvaseni probihalo v otevienych
sklenénych kvasnych valcich, objem zakvaSované mladiny byl 1 litr.
V8echny déle popsané kvasné zkousky byly, kromé& porovnani vlivu
plvodni koncentrace mladiny na tvorbu oxidu sifi¢itého, provedeny
na 12% svétlé mlading, provzdudnéné na pfiblizné 8 mg/l O,. Na-
sadni davka kvasnic byla, pokud neni uvedeno jinak, 15 mil. bunék/ml.
Hlavni kvaseni probihalo pfi 12—14 °C. DokvaSovalo se pfi 2 °C.

3 VYSLEDKY A DISKUSE

3.1 Monitorovani tvorby oxidu sificitého béhem pivovarského
kvaseni
Zamérem této prace bylo posouzeni tvorby oxidu sifi¢itého pfi kva-
Seni kmenem €. 95 a jeho nasledny ubytek pfi dokvasovani. Byla pro-
vedena dvé paralelni kvaseni, vysledky vyjadfuji primér dvou hod-
not (obr. 1a 2).

Z obr. 1 je vidét, Ze tvorba oxidu sifi¢itého pfi kvaSeni zac¢ina jiz
ve fazi rlstu kvasinek a s rostouci koncentraci bunék se postupné
zvySuje. Se zvySenim sedimentace se postupné pfirlistky koncent-
race oxidu sifi¢itého snizuji a jeho koncentrace kulminuje. Poté kon-
centrace oxidu sifi¢itého pozvolna klesa. Pokles je pravdépodobné
zpusoben strhavanim oxidu sifi¢itého oxidem uhli¢itym. K obdobnym
vysledkdm dospéli rovnéz Basarova a spol. [5] a Vernerova a spol.
[6].

Pfi dokvasovani dochazi dale k postupnému poklesu koncentrace
oxidu sifi¢itého, tento pokles je patrné opét zplisoben strhavanim
oxidu sifi¢itého oxidem uhli¢itym (obr. 2).

3.2 Vliv kmenu pivovarskych kvasinek na tvorbu oxidu sifi¢itého

Byla posuzovana tvorba oxidu sifi¢itého u péti vybranych pivovar-
skych kmenu. Pro kazdy testovany kmen byla snaha zajistit zcela
shodné technologické podminky, tim Ize zjisténé rozdily ve tvorbé
oxidu sifi¢itého pric¢itat genetickym odliSnostem studovanych kmend.
Byla provedena dvé kvaseni. Vysledky vyjadfuji primér dvou hodnot
(obr. 3).

2.2 Used yeast strains
Five yeast strains Saccharomyces cerevisiae subsp. uvarum, mar-

ked in collection VUPS Praha, were tested:

e strain no. 2 — medium to high attenuating, good to very good sedi-
mentation

e strain no.7 — medium attenuating, good sedimentation

e strain no. 55 — low attenuating, good sedimentation

e strain no. 95 — high attenuating, good sedimentation

e strain no. 96 — high attenuating, very good sedimentation.

2.3 Simulative fermentations

The aim of simulative fermentations was the comparing of speed
production of sulphur dioxide during brewing fermentation and then
the study of the influence of yeast strains and technological conditi-
ons on the production of sulphur dioxide during fermentation.

First of all the bottom yeast strains were propagated to the neces-
sary pitching rate. Before the fermentation started, yeast strains were
washed and centrifuged. Fermentations were carried out in 1 liter
glass jars. All simulative fermentations, except the comparing of the
influence of the original wort gravity on the production of sulphur di-
oxide, were carried out on 12 % hopped wort, aired to approximately
8 mg/l O,. Pitching rate was, if not noted, 15 m. cells/ml. Main fer-
mentation was hold at 12-14 °C. Secondary fermentation was hold
at2 °C.

3 RESULTS AND DISCUSSION

3.1 Monitoring of the production of sulphur dioxide during bre-
wing fermentation

The aim of this study was the measurement of the production of
sulphur dioxide during fermentation by yeast strains no. 95 and its
decline during the second fermentation. Two parallel fermentations
were carried out; results are the average values of two values (fig. 1
and 2).

In fig. 1 it is shown that the production of sulphur dioxide during
the fermentation starts in the phase of yeastse growth and it is inc-
reasing by the increasing of the concentration of cells. By the incre-
ase of sedimentation increments of sulphur dioxide concentration de-
crease and its concentration culminates. After that the concentration
of sulphur dioxide slowly declines. This loss of sulphur dioxide is pro-
bably caused by its stripping by carbon dioxide. Basarova et al. [5]
and Vernerova et al. published similar results [6].

During the second fermentation the concentration of sulphur dio-
xide decreases gradually, this decline of sulphur dioxide is caused
again by stripping by carbon dioxide (fig. 2).

3.2 Influence of yeast strain on the production of sulphur dio-
xide

The production of sulphur dioxide was tested by using five strains
of bottom yeast. For each tested strain the same technological con-
ditions were kept, so differences among strains in sulphur dioxide
production were promoted by genetic differences of tested strains.
Two fermentations were carried out. Results are the mean values of
two values (fig. 3).

Results of simulative fermentations are summarized in fig. 3. Men-
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dokvasovani / Production of sulphur dioxide during the fermentation
and its decreasing during the secondary fermentation



144 KVASNY PRUMYSL
roc. 54 / 2008 — ¢islo 5
12 12
10 4 //.\l\-\-\. 10 4 /’\Q\‘_\‘_“‘
> 8 , S @ T,
:E’ 61 /—\\‘\ﬂ—A £ |
) //KW = ¢
& ¢ S
5 S ,
2 = K
0 / 2
0 50 100 150 200 250 0 : : : :
&as (h) / time (hours) 0 50 100 150 200 250
—=Kmen &.2 / strain No —a— Kmen &.7 / strain No Kmen &. 95/ strain No cas (h) / time (hours)
Kmen ¢. 96 / strain No —— Kmen ¢&. 55 / strain No
——3,5mg O2/| —=—7,4 mg O2/l

Obr. 3/ Fig. 3 Tvorba oxidu sifi¢itého pfi kvaseni — porovnani testo-
vanych kmenl / Production of sulphur dioxide during the fermenta-
tion — comparison of testing yeast strains

Vysledek kvasnych zkou$ek je shrnut na obr. 3. Ukazalo se, Ze uve-
dené kmeny vykazuji odliSné tendence k tvorbé oxidu sifi¢itého. Z vy-
sledkl je patrné, Ze tendence k tvorbé oxidu sifi¢itého je rizna jak
u kmen0 s rozdilnou zakladni charakteristikou (sedimentace, pro-
kvasovani), tak u kmend, jejichz zékladni charakteristika je stejna.

Nejvyssi tendenci k tvorbé oxidu sifi¢itého mély kmeny €. 2 a 96,
znatky jsou ve shodé s Udaji v literatufe, které uvadgji Basafova a kol.
[5, 7] a Vernerova a kol. [6].

3.3 Vliv technologickych parametrti na tvorbu oxidu sifi¢itého

Dale byl zkouman vliv zakvasné davky, koncentrace siran(i v mla-
diné, plvodni koncentrace extraktu mladiny a provzdudnéni mladiny
na koncentraci oxidu sifi¢itého v mladém pivu. Pro zakva$eni byl pou-
zit kmen €. 96. Pfi sledovani vlivu jednotlivych parametrli byla snaha
ostatni parametry zachovat konstantni.

3.3.1 Vliv provzdusnéni mladiny na tvorbu oxidu sific¢itého

Tvorba oxidu sifi¢itého byla sledovano pro dvé riizné koncentrace
kysliku v mladiné (3,5 a 7,4 mg/l). Z obr. 4 vyplyva, ze vysSi pro-
vzdus$néni mladiny vede k hlubSimu prokvaseni a k omezeni tvorby
oxidu sifi€itého v pivu.

Dostatek kysliku v mladiné zlepSuje mnoZeni kvasnic a intenzitu
jejich rastu, coz zvySuje pozadavek na sirné aminokyseliny a zame-
zuje hromadeéni oxidu sifi¢itého v prostfedi. Nedostatek kysliku nao-
pak vede ke snizeni zdanlivého prokvaseni a prodlouzeni lag-faze.
Zjisténé vysledky potvrzuji vysledky uvadéné Vernerovou a kol. [6].

3.3.2 Vliv zakvasné davky na tvorbu oxidu sificitého

Byl sledovan vliv dvou rtiznych zakvasnych davek, 3,1 a 6,2 g kvas-
nic/l (15 a 30 mil. bunék/ml), na tvorbu oxidu sifi¢itétho b&hem kva-
Seni provzdusnéné mladiny. Vysledky jsou shrnuty na obr. 5. Je

Obr. 4 / Fig. 4 Tvorba oxidu sifi¢itého pfi kvaseni pro rlizné koncent-
race kysliku v mladiné / Production of sulphur dioxide during the fer-
mentation using by different concentrations of oxygen in wort

tioned yeast strains have different tendencies to sulphur dioxide pro-
duction. The tendency to the production of sulphur dioxide is different
for yeast strains with the same characteristics (sedimentation, atte-
nuation) and also for yeast strains with different characteristic.

The highest production of sulphur dioxide was detected in strains
no. 2 and 96, lower production was determined in strains no. 7 and
95 and the lowest in strain no. 55. Obtained results consist with data
published by Basarova et al. [5, 7] and Vernerova et al. [6].

3.3 Influence of technological conditions on sulphur dioxide pro-
duction
Further the influences of pitching rate, concentration of sulphates
in wort, original wort gravity and the aeration of wort on the produc-
tion of sulphur dioxide in new beer were monitored. Yeast strain no.
96 was used for pitching. There was a tendency to hold constant con-
ditions during the monitoring of individual parameters.

3.3.1 Influence of aeration on the production of sulphur dioxide

The production of sulphur dioxide was monitored for two different
concentrations of oxygen in wort (3.5 and 7.4 mg/l). In fig. 4it is shown
that higher aeration of wort tends to higher attenuation and lower con-
centration of sulphur dioxide in beer.

The abundance of oxygen in wort tends to higher amount of yeast
and higher intensity of its growth, which increases the claim on sulp-
hur amino acids and prevents the accumulation of sulphur dioxide in
the medium (beer). The absence of oxygen tends to lower attenua-
tion and to a longer lag-phase. Results are identical with those pub-
lished by Vernerova et al. [6].

3.3.2 Influence of pitching rate on the production of sulphur di-
oxide
The influence of two different pitching rates, 3.1 and 6.2 g yeast/|
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Obr. 5/ Fig. 5 Tvorba SO, pfi kvaseni pro zakvasnou davku 3,1 a 6,2
g kvasnic/l / The production of SO, during fermentations for pitching
rates 3,1 and 6,2 g yeast/|
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Obr. 6 / Fig. 6 Tvorba oxidu sifi¢itého pfi kvaseni pro rlizné koncent-
race siran(l v mladiné / The production of sulphur dioxide during the
fermentation for different concentrations of sulphates in wort
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Obr. 7 / Fig. 7 Tvorba oxidu sifi¢itého pfi kvaSeni mladiny s rGznou
puvodni koncentraci mladiny / Production of sulphur dioxide during
the fermentation of worts with different original gravities

zfejmé, Ze vyssi zakvasna davka zpusobuje vyssi prokvaseni, ale
nema zésadni vliv na koncentraci oxidu sifi¢itého v mladém pivu. Kon-
centrace oxidu sifi¢itého je pouze mirné vyssi pro zakvasnou davku
6,2 g kvasnic/l, nez pro zakvasnou davku 3,1 g kvasnic/l.

Vernerova a spol. [6] zjistili, Ze zvy§end zakvasna davka zpUsobuje
mirné vyssi tvorbu oxidu sifi¢itého. K obdobnym vysledkim dospéli
také Uchida a Ono [8] a NordIdv [9]. Podle Kanedy [10] ale tvorba SO,
s vySSi zakvasnou davkou klesa.

3.3.3 Vliv koncentrace sirant v mladiné na tvorbu oxidu sifici-
tého

Byla provedena dvé kvaseni s rliznou koncentraci siranovych iont(
(194 a 400 mg /l) v mladiné. Vysledky jsou zobrazeny na obr. 6.

Na zakladé ziskanych vysledku Ize fici, Ze vy$si koncentrace sira-
novych iontl v mladiné vede k mirnému navyseni koncentrace oxidu
sifi¢itého v mladém pivu, a rovnéz k mirnému snizeni zdanlivého pro-
kvaseni. VyS§Si tvorbu oxidu sifi¢itého pfi vyssi koncentraci sirant
v mladiné zjistil rovnéz Narziss [11].

3.3.4 Vliv plivodni koncentrace extraktu mladiny na tvorbu oxidu
sifi¢itého
Byla provedena dvé pokusna kvaseni na svétlé mladiné s pavodni
koncentraci extraktu 10 % a 12 %. Z vysledk( na obr. 7 je patrné, ze
vy$Si plvodni koncentrace extraktu mladiny vede k vy$Si koncentraci
oxidu sifi¢itého v mladém pivu. Ke stejnym vysledkim dosli rovnéz
Van Haecht a spol. [12] a Angelino a spol. [13].

3.3.5 Vliv teploty kvaseni a tlaku pri kvaseni na tvorbu oxidu si-
ficitého

Byl sledovan vliv teploty kvaseni a tlaku pfi kvaseni na tvorbu oxidu
sifi¢itého u kmene ¢&. 95. Kvaseni probihalo v CKT tancich.

Tvorba oxidu sifi¢itého byla sledovana pfi 8—10 °C a 12—14 °C a pfi
aplikaci tlaku ihned po zakvaSeni CKT. Pretlak byl drzen na hladiné
0,27 MPa az do konce kvaSeni.

Z obr. 8 je zfejmé, Ze vySsi teplota kvaSeni vedla k rychlejsi tvorbé
a zvySeni maximalni hladiny oxidu sifi¢itého. V zavéru kvaseni ovsem
dochazelo pfi vysSi teploté kvaseni k rychlejSimu poklesu koncent-
race oxidu sifi¢itého vlivem vy$Siho strhavani oxidem uhli¢itym. Ob-
dobné vysledky ziskala také Basafova a kol. [5, 7]. Podle Kanedy
a spol. [10] se naproti tomu tvorba SO, snizuje s rostouci teplotou
kvaseni. Uchida a Ono [8] se domnivaji, Ze vliv teploty mize byt od-
liSny v zavislosti na kmenu a fyziologickém stavu kvasnic.

Aplikace tlaku od pocatku kvaseni inhibuje rust kvasnic, zpomaluje
a snizuje prokvaseni, coz se projevuje rychlejsi tvorbou oxidu sifici-
tého a zvy$enim jeho maximalni koncentrace [8].

3.4 Ubytek oxidu siFi¢itého béhem skladovani

Byl studovan ubytek oxidu sifi¢itého béhem skladovani u dvou
vzork( Eerstvych piv (A a B), ve kterych byly uréeny po¢ateéni kon-
centrace celkového oxidu sifi¢itého. Pocate¢ni koncentrace byly 2,5
mg SO,/ u vzorku A a 14,5 mg SO/l u vzorku B.

Cast lahvi byla oteviena, hrdlovy prostor byl vypinén vzduchem,
tim se zvysil obsah vzduchu v lahvi, a lahve byly opét korunkovac-
kou uzavreny. Cast byla skladovana v chladu (2 °C) a ¢ast pfi labo-
ratorni teploté (23 °C). Vznikly tak Ctyfi kombinace lahvi:

1. bez vzduchu, v teple (23 °C)

(15 and 30 mil. cells/ml) on the production of sulphur dioxide during
brewing fermentation of aired wort was monitored. Results are sum-
marized in fig. 5. Higher pitching rate causes higher attenuation, but
there is not a significant influence on the concentration of sulphur di-
oxide in new beer. The concentration of sulphur dioxide is only slightly
higher for pitching rate 6.2 g yeast/I than for 3.1 g yeast/I.

Vernerova et al. [6] found out that higher pitching rate can cause
slightly higher production of sulphur dioxide. Same results were ob-
tained by Uchida and Ono [8] and NordIdv [9]. According to Kaneda
[10] the production of sulphur dioxide is increasing in the proportion
to the rising pitching rate.

3.3.3 Influence of sulphates in wort on the production of sulp-
hur dioxide
Two testing fermentations were carried out on worts with different
concentrations of sulphated ions. The results are shown in fig. 6.
Higher concentration of sulphated ions tends to slight increasing
of concentration of sulphur dioxide in new beer and also to slight de-
creasing of the apparent attenuation. Higher production of sulphur di-
oxide caused by the concentration of sulphated ions in wort obtained
also Narziss [11].

3.3.4 Influence of original wort gravity on the production of sulp-
hur dioxide

Two testing fermentations were carried out on 10% and 12% wort.

From results in the fig. 7 follows that higher original wort gravity tends

to higher concentration of sulphur dioxide in new beer. Same results

were measured also by Van Haecht et al. [12] and Angelino et al.[13].

3.3.5 Influence of fermentation temperature and pressure on the
production of sulphur dioxide

Using the yeast strain no. 95 the influence of fermentation tempe-
rature and pressure on the production of sulphur dioxide was moni-
tored. The fermentations were hold in CKT tanks.

The production of sulphur dioxide was monitored at 8-10 °C and
12-14 °C and also by the application of pressure after pitching in
CKT. The excess pressure was at 0,27 MPa till the end of fermenta-
tion.

In the fig. 8 it is shown that higher temperature tended to a quic-
ker production of sulphur dioxide and also to the increasing its ma-
ximum level. At higher temperature a quicker decline of the concent-
ration of sulphur dioxide occurred because of a higher stripping by
carbon dioxide. The same results were also measured by Basafova
et al. [5, 7]. According to Kaneda et al. [10] the concentration of sulp-
hur dioxide decreases with the increasing of fermentation tempera-
ture. Uchida and Ono [8] judge that the influence of temperature can
depend on yeast strain and its physiological conditions.

The application of pressure from the beginning of fermentation in-
hibits growth of yeasts, decelerates and diminishes the attenuation,
which accelerates the production of sulphur dioxide and tends to the
increasing its maximum concentration [28].

3.4 Decreasing of sulphur dioxide during the storing
Decreasing of sulphur dioxide during the storage was studied in
two groups of fresh beer samples (A and B) in which the original con-
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Obr. 8 / Fig. 8 Vliv aplikace tlaku a teploty na tvorbu oxidu sifi¢itého
pfi rGznych teplotach kvaseni / Influence of pressure and tempera-
ture on the production of sulphur dioxide at different temperatures of
fermentation
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centrations of sulphur dioxide were detected. Original
16 concentrations were 2.5 mg SO/l in sample Aand 14.5
14 B mg SO/l in sample B.
Some bottles were opened, aerated and closed
12 again. Part of bottles was stored in cold (2 °C) and rest
= 10 at(;aboratory temperature (23 °C). Four groups occur-
red:
E 8 \ 1. without air, warm (23 °C)
8 AN 2. without air, cold (2 °C)
o 6 3. with air, warm (23 °C)
. \ 4. with air, cold (2 °C).
P \\ F I
urther the content of total sulphur dioxide was de-
o M tected in every group after 1, 2, 6 and 9 months. De-

¢as (mésic)/ time (months)

creases of sulphur dioxide are shown in fig. 9. Further
carbonyl compounds were detected in each group af-
ter 6 and 9 months.

10

vzorek / sample B, vz, t=2°C

—+— vzorek / sample B, vz, t =23 °C

—e— vzorek / sample A, vz,t=2°C —=— vzorek / sample A, nevz / no air,t =2 °C
vzorek / sample B, nevz / no air,t =2 °C
—x— vzorek / sample A, vz, t = 23 °C —e— vzorek / sample A, nevz / no air, t = 23 °C
vzorek / sample B, nevz / no air, t = 23 °C

In the picture above it is shown that the decrease of
the content of sulphur dioxide is uniform at low tem-
perature (2 °C), while it is decreasing rapidly at war-

Obr. 9/ Fig. 9 Vliv miry provzdusnéni a teploty skladovani na ubytek oxidu sifi¢itého
béhem skladovani vzorku — porovnani vzorkl A a B / Influence of aeration and sto-
ring temperature on decreasing of total sulphur dioxide during storage of samples

— comparison of samples A and B

2. bez vzduchu, v chladu (2 °C)
3. se vzduchem, v teple (23 °C)
4. se vzduchem, v chladu (2 °C).

Dale byl stanoven obsah celkoveho oxidu sifi¢itého v kazdé sku-
piné lahvipo 1, 2, 6 a 9 mésicich od po¢atku skladovani. Ubytek oxidu
sifi¢itého je zobrazen na obr. 9. Po 6 a 9 mésicich byly u kazdé sku-
piny lahvi stanoveny také vybrané karbonylové latky.

Z obrazku je patrné, Ze pfi nizkych teplotach (2 °C) a pfi nizkych
koncentracich SO, je pokles jeho obsahu celkem rovnomérny, za-
timco pfi vysSich teplotach (23 °C) dochazi jiz na pocatku skladovani
k jeho nahlému poklesu.

Rychlost poklesu zavisi také na obsahu kysliku v pivu. U ne-
vzdu$nénych piv skladovanych pfi 2 °C klesa koncentrace oxidu si-
ficitého velmi nepatrné, o néco vysSi pokles byl pozorovan u piv

mer temperature (23 °C). The speed of decreasing de-
pends also on the content of oxygen in the beer. In the
group of non-aired beers stored at 2 °C the concent-
ration of sulphur dioxide decreased very little, higher
decreasing occurred in the group of beers which were
aired and stored at 2 °C. The concentrations of sulp-
hur dioxide decreased rapidly in aired and non-aired beers stored at
23 °C.

Data which are mentioned above are according those published in
the literature [14, 15].

Measured values of carbonyl compounds (fab. 1) were statistically
treated by S-Plus program. The results of samples stored at 23 °C
are statistically higher than in those beers stored at 2 °C for 2-met-
hylpropanal, t-2-butenal, furfuraldehyde, octanal and benzaldehyde.
The results in 9 months aged beers were statistically higher than in
6 months samples for 2-methylpropanal a hexanal. The concentrati-
ons of heptanal, octanal, benzaldehyde and fenylacetaldehyde were
statistically higher in aired samples than in non-aired samples.

3.5 Influence of sulphur dioxide on the improvement of oxida-
tive and old flavour of beer
Beers with different additive of sulphur dioxide were aged by ther-

Tab. 1 Karbonylové latky v pivu po 3 a 6 mésicich skladovani (koncentrace jsou uvedeny v ug/l) Vzorek A bylo pivo o po€ate¢ni koncentraci
2,5 mg SO,/I a vzorek B o koncentraci 14,5 mg SO/l / Carbonyl compounds in beer after 3 and 6 months of storage (concentrations are

shown in ug/l)
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A 23 ne 17 148 22 82 157 10 144 66 89 9 19 16 <1
B 23 ne 10 107 38 76 105 15 251 66 37 4 11 21 <1
A 23 ano 19 379 40 658 207 14 232 | 105 | 226 26 28 354 <1
B 23 ano 15 378 57 694 181 21 348 | 143 | 222 22 32 183 <1
A 2 ne 5 135 17 84 123 14 113 52 11 2 19 23 <1
B 2 ne 5 109 41 77 100 18 72 43 30 1 18 14 <1
A 2 ano 6 407 44 653 188 15 170 62 111 10 3 216 <1
B 2 ano 6 314 40 679 175 20 176 45 170 20 24 114 <1
A 23 ne 61 231 42 253 134 39 286 64 106 12 21 166 <1
A 23 ano 79 250 62 3055 | 177 37 310 | 149 | 186 34 25 218 <1
B 23 ne 68 361 31 237 94 48 261 37 118 17 28 106 <1
B 23 ano 60 355 22 1890 | 130 37 273 | 146 | 187 43 40 406 <1
A 2 ano 31 137 19 256 272 42 67 81 62 11 23 139 <1
A 2 ne 38 415 21 2206 | 308 45 102 88 116 21 76 156 <1
B 2 ano 50 319 22 204 336 45 101 98 92 5 19 216 <1
B 2 ne 42 447 19 2291 | 296 61 120 93 100 17 33 252 <1
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Tab. 2 Vysledky degustace tepelné Sokovanych piv s pfidavkem sifi¢itanti (vzorky C1, C2 a C3 o koncentracich 3,2; 8,2 a 18,2 mg SO/l a D1,
D2 a D3 o koncentracich 6,1; 11,1 a 21,1 mg SO,/I, vzorky C1 a D1 obsahuji pouze pfirozeny SO,, do ostatnich vzork( bylo pfidano pfi-
slusné mnozstvi SO, v podobé sifi¢itan(l) / Results of the tasting of thermal shocked beers with the addition of sulphites (samples C1, C2
and C3 with concentrations 3.2; 8.2 and 18.2 mg SO./l, respectively and D1, D2 a D3 with concentrations 6.1; 11.1 and 21.1 mg SO./l, res-
pectively, samples C1 and D1 contained only natural SO,, into the rest of samples SO, was added in the form of sulphites)

Oxidaéni/pasteraéni chut Stara chut Celkovy subjektivni dojem
| Oxidate flavour | Stale flavour | Overall impression
Vzorek / Vzorek / Vzorek / Vzorek / Vzorek / Vzorek /
Sample D Sample C Sample D Sample C Sample D Sample C
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Primér znamek 33 3,0 24 42 37 33 29 28 15 4,0 3,7 3,0 78 73 7,3 8,8 8,4 8,0
Average value

vzdusnénych, skladovanych pfi 2 °C. U piv vzdu$nénych i nevzdus-
nénych, skladovanych pfi 23 °C, koncentrace oxidu sifi¢itého prudce
klesa.

Uvedené poznatky odpovidaji idajlim publikovanym v literature [14,
15].

Naméfené hodnoty karbonylovych latek (tab. 1) byly statisticky
zpracovany programem S-Plus. Bylo zji$téno, Ze vysledky u vzorku
skladovanych pfi 23 °C jsou statisticky vyznamné vyssi nez u vzorkU
skladovanych pfi 2 °C pro 2-methylpropanal, t-2-butenal, furfuralde-
hyd, oktanal a benzaldehyd. U vzork( o stafi 9 mésicl byly statisticky
vyznamné vys$Si vysledky nez u Sestimési¢nich vzorkl(l pro 2-met-
hylpropanal a hexanal. Koncentrace heptanalu, oktanalu, benzalde-
hydu a fenylacetaldehydu byly statisticky vyznamné vy8&i u vzdus-
nénych vzorkl nez u vzork( nevzdusnénych.

3.5 Vliv oxidu sifi¢itého na zlepsSeni oxidacni a staré chuti piva

Piva s riznym pfidavkem oxidu sifi¢itého byla uméle ,stafena“ for-
mou tepelnych Sokd, a nasledné senzoricky vyhodnocena. Malé te-
pelné Sokovani spociva v zahfati piva pfi 45 °C po dobu 144 hodin.

Pro pokus byly pouzity vzorky piva (se stejnym datem minimalini
trvanlivosti) C a D, od kazdé znacky tfi pullitrové lahve. V téchto pi-
vech byla stanovena koncentrace oxidu sifi¢itého. Vzorek C obsaho-
val 3,2 mg SO,/I, zatimco vzorek D obsahoval 6,1 mg SO,/I. Dale bylo
nejprve otevieno, do hrdlového prostoru byl poté fouknut vzduch
a dale se pfidalo uréené mnozstvi SO, v podobé Na,SO;. Vznikly tak
vzorky: C1, C2 a C3 o koncentracich 3,2; 8,2 a 18,2 mg SO,/ a D1,
D2 a D3 o koncentracich 6,1; 11,1 a 21,1 mg SO,/I. Tyto vzorky byly
dale podrobeny tepelnému Sokovani a ,stafené” vzorky byly dale de-
gustacné vyhodnoceny.

PFi degustaénim hodnoceni byla hodnocena intenzita oxida¢ni/pas-
teraéni chuti, staré chuti a celkovy subjektivni dojem. Intenzity chuti
byly hodnoceny na stupnici s rozmezim 1-5, pfi€emz 1 odpovida velmi
slaba, 2 — slaba, 3 — stfedni, 4 — silna a 5 — velmi siln&. Celkovy sub-
jektivni dojem byl hodnocen na stupnici s rozmezim 1-9, pficemz 1
odpovida nejlepsi a 9 — nejhorsi. Vysledky degustace jsou shrnuty
v fab. 2.

Z vysledku je patrné, Ze s rostoucim pfidavkem oxidu sifi¢itého
klesa intenzita staré chuti, intenzita oxidacni/pasteraéni chuti a mirné
se zlepsuje celkovy subjektivni dojem u obou vzorkU. Intenzita staré
a pasteracni/oxida¢ni chuti byla, pro stejné pfidavky mnozstvi SO,
u vzorku D niz8i nez u vzorku C. Celkovy subjektivni dojem byl nej-
horsi u vzorku C1 a naopak nejlepsi u vzorku D3.

Vysledky tepelného Sokovani potvrdily funkci oxidu sifi¢itého jako
antioxidantu (pokles oxidaéni chuti piva s pfidavkem oxidu sifi¢itého)
a slou¢eniny maskujici starou chut piva (pokles staré chuti piva s pfi-
davkem oxidu sifi¢itého).

3.6 Stanoveni oxida¢né-redukéni kapacity a celkové koncentrace
oxidu sifi¢itého ve vybranych ¢eskych a zahraniénich pivech
Byla méfena oxida¢né-redukéni kapacita s vyuzitim Cinidla DCI
kych piv a 8 vzorkud piv zahraniénich. Byly vypocteny korelace mezi
hodnotami oxidaéné-redukéni kapacity po 0,5; 5 a 30 minutach a kon-
centraci oxidu sifi¢itého. Jako statisticky vyznamné se ukazaly byt ko-
relace po 5 a 30 minutach (tab. 3). Korelace mezi oxidacné-redukéni
kapacitou po 0,5 min a koncentraci SO, nebyla statisticky vyznamna,
pravdépodobné v dlsledku vytékani oxidu sifi¢itého pfi odplyriovani
vzorku. Z vysledku vyplyva, Ze variabilitu antioxida¢ni kapacity |ze vy-
svétlit ze 24 procent obsahem oxidu sifi¢itého po 5 min a ze 32 pro-
cent po 30 min.

mal shocks and finally tasted. Thermal shock is the storage of beer
at 45 °C for 144 hours.

Two samples of beer A and B (three bottles of each sample) were
used for this testing (with same date of the shelf-life). Next the con-
centration of sulphur dioxide was determined in these beers. The con-
centration in the sample C was 3.2 mg SO,/ and in the sample D 6.1
mg SO,/l, than the amount of 0; 2.5 and 7.5 mg of sulphur dioxide
was added in the form of Na,SO;. At first beers were opened, than
aired and finally the amount of SO, was added in the form of Na,SOs.
Samples C1, C2 and C3 with concentrations 3.2; 8.2 and 18.2 mg
SO,/l and samples D1, D2 and D3 with concentrations 6.1; 11.1 and
21.1 mg SO./l, respectively, were created. After that samples were
thermally shocked and ,aged” and finally tasted in the taste panel.

During the tasting the intensity of oxidative flavour, stale flavour
and total subjective effect were rated. Intensity of flavour was rated
on the degree scale with the interval 1-5, the meaning is: 1 — very
low, 2 — low, 3 — medium, 4 — high a 5 — very high. For overall im-
pression the scale with 9 intervals was used, 1 is the best and 9 —
the worst. Results of tasting are summarized in tab. 2.

From results it is clear that with the increasing of the additive of
sulphur dioxide decrease its stale and oxidative flavour and the ove-
rall impression of both samples slightly improve. The intensity of stale
and oxidative flavour in beers with same additive of SO, was lower in
sample D than in sample C. The overall impression in sample C1 was
the worst and the best in D3 sample.

The results of thermal shocked beers confirm the role of sulphur
dioxide as the antioxidant and the compound which mask stale fla-
vour of beer.

3.6 Determination of redox capacity and the concentration of to-
tal sulphur dioxide in chosen Czech and foreign beers

In 10 Czech beers and 8 foreign beers redox capacities and con-
centrations of total sulphur dioxide were measured. Correlations
among values of redox capacities after 0.5; 5 and 30 minutes and
concentrations of sulphur dioxide were calculated. The correlations
after 5 and 30 minutes were statistically important (tab. 3). The cor-
relation between redox capacity after 0,5 min. and concentration of
sulphur dioxide was not statistically important, probably because of
volatilization of sulphur dioxide during the degassing of sample. It is
visual from the results that the variability of redox capacity after 5 (30)
minutes can be explain from 24 (32) % by the content of sulphur di-
oxide

4 CONCLUSION

1. In the group of observed yeast strains it was found out that yeast
strains no. 2 and 96 tended to a higher development of sulphur di-
oxide, strains no. 7 and 95 produced less amount of sulphur dio-

Tab. 3 Statistické vyhodnoceni korelace oxida¢né-redukéni kapacity
a SO, / Statistical evaluation of the correlation between redox capa-
city and SO,

Cas / Time (min) R 12 (%) P
0,5 0,41 17 0,155
5 0,49 24 0,047
30 0,57 32 0,018
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4 ZAVER

1.

Potvrdilo se, Ze ze sledovanych kmenu nejvyssi tvorba oxidu sifi-

Citého béhem kvaseni byla nalezena u kmene €. 2 a 96, nizsi hla-

.U kmene €. 95 se potvrdilo, ze maximum tvorby oxidu sifi¢itého
roste s teplotou kvaseni, ale sou¢asné nastava intenzivnéjsi po-
kles jeho hladiny v zavéru kvaseni. Aplikace tlaku od zacatku kva-
Seni vede k rychlejsi tvorbé oxidu sifi¢itého a zaroven ke zvySeni
jeho koncentrace.

. Zvy$end davka nasadnich kvasnic a koncentrace sirand v mladiné
se u kmene €. 96 neprojevily ve zvyseni tvorby oxidu sifi¢itého bé-
hem kvaseni.

. U kmene ¢&. 96 byla prokazana zvysena tvorba oxidu sifi¢itého bé-
hem kvaSeni v souvislosti se zvySujici se koncentraci mladiny
a s klesajicim provzdu$nénim zakvaSované mladiny.

. Ubytek oxidu sifi¢itého b&hem skladovani byl nejvyssi ve vzdus-
néném pivu skladovaném pfi 2 °C.

. Potvrdil se vliv pfidavku oxidu sifi¢itého na potlaceni oxidacni
a staré chuti piva.

. Byla zjiSténa statisticky vyznamna korelace mezi oxidaénéredukéni

kapacitou po 5, 30 minutach a koncentraci celkového oxidu sifici-

tého.

Podékovani )
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zkum sladafskych a pivovarskych surovin a technologii“ -
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xide and the lowest production of sulphur dioxide was measured
after using the yeast strain no. 55.

2. By using yeast strain no. 95 it was shown that a maximum of sulp-
hur dioxide formation increased with the temperature. Using of
pressure from the beginning of the fermentation caused quicker
production of sulphur dioxide and also its higher concentration.

3. During the fermentation the yeast strain no. 96 did not produce
more sulphur dioxide than normal in connection with higher pit-
ching rate and the concentration of sulphates in wort.

4. In connection with the increasing of original wort gravity and with
the decreasing of wort aeration was verified that the yeast strain
no. 96 produced more sulphur dioxide during the fermentation than
normal.

5. Decrease of sulphur dioxide during the storage was the highest in
aerated beer stored at 23 °C and the lowest in non-aerated beer
stored at 2 °C.

6. By the addition of sulphur dioxide it was verified its impact on de-
creasing oxidative and stale cardboard flavour of beer.

7. Statistically relevant correlation was found between the redox ca-
pacity after 5 (30) minutes and the concentration of total sulphur
dioxide.
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V roce 2008 se chmel v CR bude péstovat na 5345 ha

Svaz péstiteli chmele
Ceské republiky

Podle udaji Ustfedniho kontrolniho
a zkuSebniho tustavu zemédélského je cel-
kova plocha chmele v CR v roce 2007 od-
hadovana na 5345 ha coZ znamena pokles
od stavu roku 2007 o 44 ha. Nosnou odridou
zUstava Zatecky polorany ¢ervenak s 88,8 %
plochy.

V porovnani s prfedchazejicim rokem
vzrostla opét plocha odriidy Premiant, ale
také plocha odridy Sladek. BohuZel opét se
snizila celkova plocha odriidy Zatecky polo-
rany Cervenak, a to predevSim v Zatecké
chmelarské oblasti (<70 ha) a v Ustécké
chmelarfské oblasti (=35 ha). Pozitivni zpra-
vou je, Ze se zvysila plocha nové vysazeného
chmele, a ze se da predpokladat dalsi zvy-
Sovani nové vysazovanych ploch v nasleduji-
cich letech.

V TrSické chmelafské oblasti doSlo dokonce
k mirnému narlstu plochy diky vysazim od-
ridy Zatecky polorany éervenak.

Od roku 2000 klesla plocha chmele v CR
0 750 ha, pokles plochy odridy Zatecky po-
lorany Cerveriak véak dosahl za stejné obdobi
jiz 1165 ha.V Zatecké a Ustécké chmelarské
oblasti jsou plochy této odrlidy na historickém
minimu.

K poklesu ploch chmele doslo od poloviny
devadesatych let prfevazné diky Spatné eko-
nomice peéstovani chmele, kterou ovlivnila
pfedevsim nizka péstitelska cena a zvysujici
se naklady na péstovani. DalSimi dulezitymi
faktory jsou vékova struktura porosti chmele
v CR a dlouhodobé& negativni vyvoj kurzu
Ceské mény vaci Euru.

Situace v produkci Zateckého poloraného

Cervenaku tak po nizkych skliznich 2006
a 2007 dospéla do kritického stavu, kdy ne-
mohla byt zcela naplnéna poptavka pivovarud
po této jemné aromatické odr(idé chmele.
Cesti péstitelé také diky nizsi produkci neméli
volna mnozstvi chmele, a nemohli tedy profi-
tovat z vysokych cen na volném trhu. | pfes
to se podarilo ve spolupraci s obchodnimi fir-
mami dosahnout navys$eni i pro smluvné za-
jistény chmel. Diky tomuto cenovému posunu
nedos$lo v roce 2008 k radikalnéjSimu pro-
padu ploch a Cesti péstitelé se budou snazit
zajistit ze sklizné roku 2008 dostate¢né
mnozstvi chmele pro své dlouholeté tradicni
partnery.



